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Abstract

AIM

To determine technical considerations and radiographic
outcomes of the Synthes volar rim distal radius plate to
treat complex intra-articular fractures.

METHODS
This review highlights technical considerations learnt
using this implant since it was introduced in a major
trauma unit in November 2011, including anatomical
reduction and whether this was maintained radio-
graphically.

RESULTS

Twenty-six of the 382 internally fixed distal radial
fractures at our unit (6.8%) were deemed to require
this plate in order to achieve optimal fracture fixation
between November 2011 and May 2014. A further
dorsal and/or radial plate was necessary in 35% and
variable angle screws were used in 54% of cases. Post-
operatively, mean radial height, inclination, volar tilt and
ulnar variance restored were 11.7 mm, 219, 4.3° and
-1.2 mm respectively. There were no cases of non-union
or flexor/extensor tendon rupture; one case of loss of
fracture reduction. Overall incidence of plate removal
was 15% with one plate removed for flexor and one for
extensor tendon irritation

CONCLUSION
The use of a rim plate enables control of challenging far
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distal fracture patterns. However, additional plates were
required to improve and maintain reduction. Variable
angle screws were necessary in half the cases to avoid
intra-articular screw penetration. If used judiciously,
this implant can achieve stable fixation despite the
complexity of the fracture pattern.

Key words: Distal radius fractures; Volar rim plate; Volar
plating distal radius

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Far distal intra-articular fractures of the distal
radius are not easily treated with standard volar plates.
The rim plate is designed to sit distal to the watershed
line, allowing purchase of bone fragments and sub-
chondral support of the articular surface, enabling early
mobilization. In view of the implant’s design, variable
angle screws are necessary to avoid intra-articular screw
penetration. Intra-operatively, reduction and stable
fixation should be assessed fluoroscopically during
wrist movement, and if necessary, an additional dorsal
plate applied to allow mobilization. Judicious use of this
implant can restore anatomical reduction and stable
fixation in this complex subset of fractures.

Spiteri M, Roberts D, Ng W, Matthews J, Power D. Distal radius
volar rim plate: Technical and radiographic considerations. World
J Orthop 2017, 8(7): 567-573 Available from: URL: http://www.
wjgnet.com/2218-5836/full/v8/i7/567.htm DOI: http://dx.doi.
org/10.5312/wjo.v8.i7.567

INTRODUCTION

The application of locking plate technology to distal
radius fracture fixation enables dorsally unstable
fracture configurations to be reliably reduced and
internally fixed using a volar approach and volar implant
placement. The volar approach has gained widespread
popularity due to the perceived benefits of greater soft
tissue cover over the implant and less tendon irritation
than with the dorsal approach. This technique may
be used for the majority of distal radius fractures,
however an understanding of fracture anatomy and
biomechanics as well as correct implant choice and
placement are critical to a successful outcome. Indeed
one implant cannot provide a stable fixation for all
configurations through the volar approach!. The non-
specialist trauma surgeon will be familiar with the
volar approach but should recognize those fracture
configurations that may need dorsal or combined
volar and dorsal approaches. In these complex intra-
articular cases the use of pre-operative computerised
tomography (CT) aids planning the surgical approach
and choice of implant.

The AO-23B3 fracture with a small distal and volar
fragment and the AO-23C3 fracture with articular
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comminution are two fracture subtypes where a
standard volar plate positioned proximal to the water-
shed line® will not provide a sufficient buttress for
the distal fragments and there is a risk of secondary
volar displacement of the fragment along with the
carpus distal to the plate. An early plate design for
these fracture subtypes was the Synthes juxta-articular
plate but due to the distal plate positioning and angu-
lar design tendon irritation was problematic, often
necessitating implant removal after fracture union.
The distal screws were originally inserted in a fixed
angle configuration that is proximally directed to avoid
screw penetration of the radio-carpal joint, which was
a significant risk if the distal fragment was small or the
volar tilt incompletely corrected. In addition, there was
no second row angled buttress for dorsal joint surface
support.

The Synthes variable angle two column plate design
was developed from the extra-articular and juxta-
articular designs and offers an anatomically contoured
plate, which is positioned close to the watershed line
and can be used for fixation of the majority of distal
radius fractures. However, reliable fixation of the far
distal fracture subtype remains problematic. The
variable angle distal radius rim plate was introduced
in our unit in autumn 2011 and is designed for these
complex fractures. It is inserted via a volar approach
and is placed over the watershed line as it is pre-
contoured to fit the volar rim of the distal radius. The
edges of the plate are designed to provide a smooth
surface against which the flexor digitorum profundus
and flexor pollicis longus tendons may glide with
minimal irritation. Due to the distal placement of the
plate, there is a theoretical risk of intra-articular screw
placement. To reduce this risk, the screw options
include fixed or variable angle subtypes to allow proxi-
mal direction of screws away from the joint. These
also allow purchase of small fracture fragments where
a fixed angle screw would enter a fracture line. There
are a number of important technical considerations
for plate positioning, anatomical fracture reduction,
avoiding screw penetration to the joint and minimising
the risk of secondary displacement. This is especially
pertinent with the AO-23C3 fracture configuration
when successful volar buttress of small distal fragments
may unmask distal and dorsal instability necessitating
supplementary dorsal plating.

MATERIALS AND METHODS

This paper reports on a series of twenty-six consecu-
tive cases of Synthes variable angle 2.4 distal radius
rim plates used for distal radius fracture fixation at a
major trauma and tertiary referral hand centre between
November 2011 and May 2014. All patients treated with
this implant were identified from a database of distal
radius fracture fixations compiled from theatre logbooks
and cross-referenced with implant logbooks. The pre-
operative radiographs and CT scans were used to assess
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Figure 1 Posteroanterior and lateral radiographs of fracture fixation using
a Synthes variable angle 2.4 distal radius rim plate to highlight the distal
placement of the implant.

fracture configuration. All post-operative radiographs
were reviewed to measure volar tilt, inclination and
radial height in order to assess restoration of anatomy.
All radiographs were reviewed taken in the same
radiology unit using the same machine calibration.
Operative records and imaging, medical and therapy
records were used to monitor progression of the frac-
ture to union and retention of post-operative fracture
reduction.

The primary outcome measures were initial and
final radiographic alignment parameters to assess
maintenance of fracture reduction, and implant remo-
val. Secondary outcome measures were the use of
variable angle screws, the need for accessory plate
support and tendon irritation/rupture.

RESULTS

During the study period, 382 distal radius fractures
were treated operatively with internal fixation, the
majority using a volar approach (83.5%). Twenty-six
distal radius fixations utilised rim plates accounting
for 6.8% of all operations. The rim plate was used in
isolation in seventeen cases (Figure 1), however an
additional dorsal or dorso-radial approach to reduce
and maintain reduction of fracture fragments was
required in 35% of cases. This equates to half the total
number of distal radial fractures requiring combination
plating, highlighting the complexity of the fractures for
which rim plates were used.

The use of variable angle screws was higher in
this subset of patients, with 54% of cases requiring a
median of four such screws. Variable angle screws were
required to reduce the risk of joint penetration and to
optimise screw configurations in comminuted fractures
when a fixed angle screw would sit within a fracture
line and not provide sufficient subchondral support.

All fractures were classified as either AO-23B3 or
AO-23C3 with a significant degree of articular and
metaphyseal comminution. To evaluate the degree of
fracture comminution, the size of the dorso-ulnar and
radial styloid fracture fragments were assessed on pre-
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operative CT scans.

Analysis of the CT coronal and axial sections demon-
strated no significant difference in the size of the dorsal
fragments between the groups treated with a single
volar rim plate and those treated with a combined
approach using a second dorso-ulnar buttress plate.

In all twenty-six cases there was a significant
level of comminution, which also involved the distal
radio-ulnar joint in twenty-two cases (five of these
cases having a simple coronal split through this joint
and the others having multi-fragmentary fracture
configurations) (Figure 2). The main sites of articular
comminution were in the dorso-ulnar and volar-ulnar
regions of the distal radius rather than the radial styloid,
where most of the fragmentation was metaphyseal.

In six cases (23%) there was a volar instability
pattern at presentation with volar translation of the
carpus together with the distal volar ulnar fragments.
Involvement of the lunate fossa had a die punch
fracture configuration in all cases (Figure 3). The
dorso-ulnar fragments sustained a higher degree of
comminution when compared to their volar counter-
part in sixteen of the twenty six cases (Figure 4).

Standard volar variable angle plates are sited
too proximal to secure and buttress these volar lip
marginal fragments (Figure 4), therefore allowing
carpal translation to occur despite apparent adequate
fixation intra-operatively. By stabilizing these volar
marginal lip fragments, the rim plate avoids this
potential for secondary displacement!,

Fracture reduction was assessed by measuring volar
tilt, radial inclination, radial height and ulnar variance
on the post-operative radiographs. Alignment was
restored to 4.3 £ 5.5 degrees volar tilt, mean radial
inclination of 21.2 degrees (range: 15-30 degrees),
11.7 mm (range: 7-16 mm) radial height and -1.2 mm
(range: -4.5-2.5) ulnar variance.

Six patients did not complete follow-up in our unit.
Two patients were not from our region and attended
follow-up at their local units, and four patients declined
the offer of follow-up beyond six weeks. The patients
who discontinued follow up have not been referred
back to our unit with complications of tendon irritation
or rupture.

The 20 patients completing follow-up all demon-
strated radiographic fracture union by 12 wk from
surgery. There are no cases of either flexor or extensor
tendon rupture and two cases of tendon irritation. Post-
operative loss of reduction occurred in one polytrauma
case, with loss of volar tilt and height. No intervention
was required and the patient was asymptomatic at
eighteen months after surgery.

Four patients required removal of metalwork. One
patient clinically had first extensor compartment tendon
irritation due to a prominent screw following an isolated
volar operative approach; one patient had pain on grip
strength testing, which may have represented flexor
tendon irritation. This resolved after removal of the
volar plate and a dorsal lunate fossa fragment buttress
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Figure 2 Axial computerised tomograms showing far distal involvement and comminution of the distal radio-ulnar joint.

plate. One case had radiographic signs of avascular
necrosis of the lunate fossa fragment. This was
asymptomatic until a second fall after which the patient
developed new onset dorso-radial pain symptoms. A
diagnostic arthroscopy identified screw penetrance
into the joint; one case had the volar plate removed
at the same time as a triangular fibrocartilagenous
complex repair for symptoms of distal radio-ulnar joint
instability.

DISCUSSION

The indications for a variable angle volar rim plate are
for the infrequent AO-23B3 and AO-23C3 distal radius
fractures where the distal and volar fragments cannot
be adequately buttressed with standard extra-articular
and variable angle two column volar plates.

Prior to the launch of the volar rim plate these
distal fractures were managed in our unit with a volar
juxta-articular plate or with an extra-articular plate
and supplementary distal lag screws. However, this
plate has a higher profile and angular design and
therefore is more likely to cause flexor tendon irritation
necessitating implant removal.

Alternatively they were treated by a dorsal only
approach if the primary instability was thought to be
dorsal, however an unmasked volar instability could
result in volar displacement of the carpus with the volar
distal fracture fragment at the lunate facet buttress.

Rarely they were treated with a external fixator or
a temporary 3.3 mm 16 hole distraction bridge plate
spanning the fracture site and carpus®. Both of these
techniques offer reliable fracture union, but unlike
the volar rim plate, it is not possible to restore most
aspects of distal radius anatomy as well as radio-carpal
and distal radio-ulnar congruity. They also have other
specific complications, including stiffness, pin tract
infection and metacarpal fracture at the site of distal
pin or screw insertion®.

Due to the complexity of these fractures, a pre-
operative CT scan is required for in depth assessment
of the fracture configuration. Unfortunately, there were
no predictors on the scans which can be used to identify
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fractures that are more likely to need additional plating
via a dorsal or dorso-radial approach. We attempted
to correlate the size of the fracture fragments with
the need for additional plates, but no correlation was
evident. This decision was made intra-operatively on
assessment of fracture stability after volar plating.

In this series of rim plate fixations of distal radius
fractures a combined dorsal and volar plating approach
was required in 35% of procedures (Figure 5). If the
distal fracture configuration with potential for volar and
dorsal instability is identified from the pre-operative
CT scan it is important that the treating surgeon is
familiar with the dorsal approach in case an adjuvant
dorsal plate is required. The alternative is to refer the
case on to a specialist wrist surgeon who is familiar
with both approaches. Whilst the rim plate increases
the numbers of fractures and configurations that may
be managed with internal fixation through the volar
approach it does not obviate the need for the dorsal
approach.

The rim plate has a low profile to allow its place-
ment distal to the watershed line without increasing
the risk of flexor tendon irritation. Despite its distal
placement, in this series, there were no cases of
flexor tendon rupture and only two of the four cases
of implant removal were for flexor or extensor tendon
irritation. This is consistent with the literature which
suggests that attrition flexor tendon rupture is infre-
quent yet may occur with prominent higher profile
plates placed at the watershed line, but is unlikely in
cases were plates are designed to be placed more
distal to this line, probably due to their contoured
design and low profile™.

Signs of tendon irritation were noted at clinic review
between three and six months post-operatively when
range of motion had been restored and the patients
had regained grip strength and pre-injury activity
levels. None of the other cases were symptomatic
or had signs of tendon irritation up to one year after
surgery. Hence we suggest a minimum follow up until
six months post-operatively and removal of implants if
there are clinical signs of tendon irritation, rather than
awaiting patients to be symptomatic thus decreasing
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Figure 3 Axial computerised tomograms showing far distal involvement
and comminution of the distal radio-ulnar joint.

Figure 4 Sagittal computerized tomogram showing the pattern of
significant intra-articular comminution of the far distal dorso-ulnar and
volar-ulnar regions of the distal radius and the volar lip marginal fragment.

the risk of attrition tendon ruptures. The published
recommendations for removal of previous volar plate
designs include only symptomatic patients who had
plate prominence more than 2 mm volarly at the water-
shed line or plate position within 3 mm of the volar
rim®.,

The volar rim of the lunate fossa is anatomically
designed to resist volar carpal translation and the short
radiolunate ligament, which attaches to the volar lip
fragment, stabilizes the carpus on the distal radius. The
carpus can therefore translate volarly with the distal
volar and ulnar fracture fragment of the distal radius.
This fragment must be anatomically reduced and
buttressed to prevent this volar instability. Standard
volar variable angle plates are sited too proximal to
secure and buttress these volar lip marginal fragments,
therefore allowing carpal translation to occur despite
apparent adequate fixation intra-operatively. The rim
plate contour is designed to overhang and engage the
distal volar lip fragments avoiding this potential for
secondary displacement. Due to the variable angle
screw option, this plate also allows purchase on these
small fragments without joint penetration.

Even though the radial styloid had more meta-
physeal than distal comminution in this series, variable
angle screws were required, as fixed angle screws
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Figure 5 PA and lateral radiograph showing combined dorsal and volar
plating using a volar rim plate.

did not adequately engage the bone fragments due
to their fixed trajectory, and in most cases the angle
of these screws was changed as necessary to ensure
stable fixation.

Unfortunately, this was not always enough to achi-
eve adequate fracture stabilization. After volar plate
fixation, all fractures were assessed for stability to
ensure that the fracture and carpus are stable through
a full range of motion. In 35% of cases this was not the
case. Therefore an additional plate was placed either
along the radial styloid to bridge and secure this styloid
fracture; or over the lunate fossa fragment via a dorsal
approach. In the latter cases, which all had a higher
degree of dorso-ulnar than volar-ulnar comminution,
rim plates were used to engage the distal volar lip
fragments and act as a subchondral raft supporting
the radio-carpal joint, aiding adequate restoration
of radial height, tilt and angulation. The additional
dorsal plates were then applied to buttress the dorso-
ulnar fragments, preventing their displacement and
translation whilst enhancing radio-carpal and distal
radio-ulnar joint stability.

The distal radio-ulnar joint was involved in 85% of
cases, with varying degrees of central comminution;
a simple split in the coronal plane occurred in only
5 cases. Congruity was restored through the volar
approach by using the variable angle screw option
and changing the angle of screw insertion to capture
the dorso-ulnar fragments. However this was not
possible in all cases and an additional buttress plate
was applied to the dorso-ulnar fragments in cases of
significant comminution.

Besides allowing bone purchase of the distal radial
fragments, which is important for fracture stability!”?,
variable angle screws decrease the risk of intra-articular
screw penetration into the radio-carpal and distal radio-
ulnar joints by allowing multidirectional angulation
of screws, if necessary. This risk is heightened due
to the degree of intra-articular comminution in these
fractures and small size of the fragments that are often
only large enough to allow fixation with a single screw,
sometimes only by using this variable angle option.
Some studies have highlighted increased incidence of
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removal of metalwork™ due to intra-articular placement
of fixed angle screws probably as a result of incomplete
restoration of volar tilt, distal plate positioning or
angulation of the plate.

In this series there was only one case of radio-carpal
screw penetration which was noted arthroscopically in
a patient who was asymptomatic until sustaining a fall
six months following fracture fixation and subsequently
developed dorso-radial wrist pain. The implant was
removed at the same sitting. In this case, it is hard to
determine whether the screw was placed in an intra-
articular position at surgery, whether this occurred
after the second fall, or whether it was due to avascular
necrosis of the lunate fossa fragments secondary to the
original injury and plate fixation.

This low incidence of intra-articular screw pene-
tration was perhaps due to careful pre- and intra-
operative planning of screw positioning, the liberal
use of variable angle screws and the use of additional
dorsal plates to aid stability if volar screw placement to
capture the dorsal fragments was deemed to be at risk
of breaching the articular surface.

Post-operative radiographs showed correction of
radial height, inclination and ulnar variance similar to
that quoted in the literature for standard volar locking
plates used for AO-23A2, A3, C1-3™!, with only one
case of loss of volar tilt correction after fracture fixation
using a solitary volar approach, This required no fur-
ther surgical intervention as the patient remained
asymptomatic.

The main difference with this implant is the inability
to restore volar tilt to the same extent as with standard
volar plates, where a mean correction of 6 degrees
(0-18 degrees) is described in the literature!!**?!
and 4.3 degrees in our series. Our results using the
rim plate are therefore within the lower limits of this
range for standard volar locking plates. This is partly
due to the complexity of the fracture pattern and
metaphyseal comminution, but also due to the far
distal plate position requiring wrist hyperextension
for adequate plate and distal screw placement, hence
placing limitations on the degree of correction of
volar tilt that can be achieved. The joint comminution
precludes distal first fixation and then reduction to the
shaft of radius.

Limitations

Ideally, the study should include a larger cohort of
patients, and a longer duration of follow up in clinic can
be considered. Unfortunately, as these fractures are
not common this is not possible unless a multicentre
approach is used.

In conclusion, this case series of variable angle
distal radius rim plates highlights the fact that these
implants are indicated for the far distal and complex
intra-articular fractures of the distal radius, but cannot
achieve enough stability in isolation for all fractures.
Some fractures require additional plating techniques,
therefore we recommend that all AO-23C3 fractures
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should be assessed with a pre-operative CT scan. If
trauma surgeons are not confident with dorsal plating
techniques, it would be appropriate to consider referral
to a specialised wrist surgeon who can base decisions
on a combination of factors including pre-operative
imaging, intra-operative findings and their experience
with the various techniques and implants available.
When used appropriately, good results can be achieved
using this plate with correction and maintenance of
distal radial anatomy. There were few cases of tendon
irritation and no cases of flexor or extensor tendon
rupture but we recommend prompt removal of implants
if there are signs of tendon irritation.

Key considerations

Pre-operative CT scan provides information of fracture
configuration and consideration of referral to specialist
wrist surgeon if necessary; Radial styloid fixation
often requires variable angle screws as the fixed angle
trajectory does not always provide adequate hold;
Variable angle screws in the lunate facet buttress may
prevent penetration of the radio-carpal or DRUJ but
may not adequately capture dorsal fragments; Volar
tilt restoration is less reliable than the other alignment
parameters due to the technique of plate insertion;
Intra-operative assessment of stability of fracture fixa-
tion necessary after volar plating for assessment of
dorsal fracture stability; additional dorsal and/or radial
plates are necessary to stabilize these fractures in
35% of cases; plate positioning distal to the watershed
line can lead to tendon irritation and risk of attrition
rupture requiring removal of implant.

COMMENTS

Background

Far distal intra-articular fractures of the distal radius involving the volar rim are a
specific subset of fractures which are difficult to treat in view of the small size of
the fracture fragments, location and instability. If stable fixation is not achieved,
volar carpal subluxation can occur due to the attachment of the marginal bone
fragments to the short radiolunate ligament. Standard volar plate placement
proximal to the watershed line poses problems when treating these fractures.

Research frontiers

In recent years, various plates have been designed with various contours and
lower profiles to facilitate fracture fixation and decrease the risk of tendon
irritation yet still achieve anatomical reduction, stable fixation and allow early
mobilization.

Innovations and breakthroughs

The rim plate is a pre-contoured low profile implant, having standard locking
and variable angle locking screw options, to allow plate placement distal to the
watershed line whilst decreasing the risk of screw penetration into the joint. The
aim of this design is to allow fixation of the intra-articular fractures of the distal
radius which involve the marginal volar rim. Besides the risk of screw penetration
into the radio-carpal and distal radio-ulnar joints when using such a distally sited
plate, the other main risk is tendon irritation and rupture. Recent literature has
shown that low profile plates can be safely applied at and beyond the watershed
line if used appropriately.

Applications

This study shows that this implant allows subchondral support of the articular
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surface achieving anatomical reduction. Judicious use of a combination of distal
standard locking and variable angle locking screws allows purchase of bone
fragments, especially of the dorso-ulnar fragment and avoids intra-articular
screw penetration. The manuscript also provides information about the need for
additional fixation in certain cases and the risk of tendon irritation.

Peer-review

The manuscript aimed to retrospectively report the clinical outcomes of fixation
of far distal intra-articular distal radial fractures using variable angle distal radius
rim plate. This topic is interesting and the language is excellent.
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