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Purpose: Size options for volar locking plates may provide value for distal radius fixation. We compared
excessively narrow plates with plates that were appropriately matched in width for fixation of an
multifragmented distal radius fracture model.
Methods: Eighteen matched pairs (right and left wrists) of large, cadaveric male distal radii specimens,
prepared with a simulated Arbeitsgemeinschaft für Osteosynthesefragen type C-3 distal radius fractures,
were tested. One specimen from each matched pair was randomized to receive a plate that was
appropriately matched in width to the distal radius. The contralateral limb received a narrow plate,
which in all cases was undersized in width. Fixation stability was tested and compared to the contra-
lateral matched specimen. Specimens were preloaded at 50 N for 30 seconds before cyclic loading from
50e250 N at 1 Hz for 5000 cycles then loaded to failure.
Results: Loss of fixation under cyclic loading was significantly greater in the specimens fixed with
excessively narrow plates compared with plates of appropriate width. When loaded to failure, the plates
of appropriate width were stiffer, with higher force at failure and compressive strength than narrow
plates. The primary mode of failure was displacement of the distal lunate facet fragment.
Conclusions: These findings suggest that optimally matching the volar locking plate width to the radius
may provide advantages for stability of the fixation construct and fragment capture. This may be due to
reduced stress concentration from the distribution of forces across a larger surface area.
Clinical relevance: Optimizing the plate width to the radial width may improve fracture stability and may
carry additional importance in comminuted fractures, where narrow plates may not completely capture
small bone fragments.
Published by Elsevier Inc. on behalf of The American Society for Surgery of the Hand. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Volar locked plating has become the most common surgical
fixation method used for distal radius fractures.1 Advantages of
volar locked plating include the ability to address a wide spectrum
of fracture morphology and the ability to neutralize forces across
the fracture site, allowing for early motion.2e4 These factors have
contributed to the recent improvement in patient outcomes,
compared with historical reports using other forms of fixation.5
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Early motion substantially improves pain and function in the
months after volar fixation of the distal radius.6 Therefore, the
fixation construct must withstand the forces applied during this
rehabilitation period. Forces induced across the fracture in the early
rehabilitation period can be significant. For every 8 Newtons of
handgrip force, 22 to 48 Newtons of force is produced across the
wrist and through the distal radius.7 Hence, volar plates should
confer sufficient stability in order to perform the activities of daily
living. These requirements may be amplified in complex, multi-
fragmentary fractures, where stability is more challenging to
maintain.

Because of the variability of the distal radius anatomy, size op-
tions are available for volar locking plates, and they provide value
for restoring the anatomy.8,9 The plate position and plate size
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Figure 1. Simulated Arbeitsgemeinschaft für Osteosynthesefragen type C-2 multifragmentary articular fracture. A Axial view showing 3 fragments. B Lateral view showing the 1-cm
extra-articular osteotomy positioned 1.5 cm from the distal articular surface.
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play a critical role, imparting stability and ensuring adequate
subchondral support.5,8,10e12 Plates that are too small may pro-
vide inadequate coverage, which can weaken the fixation.11

Plates that are too large can lead to soft-tissue irritation and
subsequent plate removal because of pain. There is a potential
for surgeons to choose smaller plates than those optimally
matched to the size of the radius, because smaller plates are
easier to apply and more forgiving to slight imperfections in
placement or reduction.13,14 Although volar plate size has been
qualitatively discussed in reference to stability, determining the
comparative stability between plate sizes would improve un-
derstanding and provide clinically relevant information.

We conducted an experiment to compare an excessively
narrow plate with a plate that was appropriately matched in
width for fixation of a complex, multifragmented distal radius
fracture. We tested loss of fixation under cyclic loading, stability
of the fracture construct under static loading, load to failure,
compressive strength of the fixation construct, volar width
spanned by the plate, and volar surface area coverage. We hy-
pothesized that the appropriately matched plates would
demonstrate superior results.
Materials and Methods

Specimen preparation

A prestudy power analysis of 6 matched pairs of specimens
showed that a minimum sample size of 15 matched pairs would
be needed to observe a statistical difference in outcomes at a 5%
level of significance. We used 18 male, matched pairs of fresh-
frozen human cadaver forearms (n ¼ 36; mean age, 57 years;
and mean weight, 261.9 pounds). Heavier male specimens were
chosen to increase the probability of the specimen being
adequately sized for our study. This reduces the potential for
methodological bias because of a standard or wide plate being
too large for the specimen. Specimens were thawed for 24 hours,
and computed tomography scans were taken with a calibration
phantom positioned in the field of view for subsequent analysis
and morphometric measurements. Materialise Interactive Med-
ical Image Control System (Materialise) was used to segment the
distal radii from the surrounding soft tissue. The cross-sectional
area of the bones was calculated at a position 1.5 cm from the
distal articular surface. Specimens were refrozen until 24 hours
before the day of testing, at which time the distal radii were
dissected.15 Each radial shaft was cut to the same length, pinned
proximally with K-wires, and potted with urethane casting resin
(Smooth-Cast 300, Smooth-On Inc) for securing the radii to the
test fixture.

An Arbeitsgemeinschaft für Osteosynthesefragen type C-3
multifragmentary articular fracture was simulated on each radius
by removing a 1-cm segment of bonewith the apex 1.5 cm proximal
to the distal articular surface. Three articular fragments were
generated by making a sagittal cut, separating the scaphoid and
lunate facets, followed by a coronal cut of the lunate fragment
(Fig. 1). One specimen from each pair was randomized to the
appropriately matched plate group, where a wide plate or a stan-
dard plate was always found to be the optimal fit. Differences be-
tween standard and wide plates were not assessed. Specimens in
the appropriately matched plate group received either a standard
or a wide plate but never a narrow plate, because it was never
found to be optimal for these large specimens. The contralateral
radius always received a narrow plate. A controlled randomization
procedure was used to ensure an equivalent number of left and
right limbs in each test group.
Implant placement

Narrow, standard, and wide Geminus (Skeletal Dynamics) volar
distal radius plates with 4 diaphyseal screw holes were used, which
all use a dual-column design to support each fossa independently.
Multiplanar distal fixed-angle screws are used for subchondral
bone support. The narrow, standard, and wide plates measure 21.1
mm, 24.4 mm, and 26.4 mm in width, respectively. Narrow plates
offer 3 fixation points in the intermediate or lunate fossa column.
Standard or wide plates offer 4 fixation points in the intermediate
or lunate fossa column. The appropriately matched plate group had



Figure 2. Prestudy image analysis was completed using ImageJ to analyze the percentage of plate surface area coverage on bone AeC and plate-to-bone percentage width DeE. A
Image analysis of plate surface area. B Distal and C proximal volar surface area analysis. D Plate width analysis at the longest width of the plate. E Bone width analysis at the widest
location of the distal fragment covered by the plate.
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a plate width that most closely matched the width of the distal
radius without exceeding its transverse bony dimension. All the
specimens in the appropriately matched group received either a
standard or a wide plate. The technique used for plate implantation
was uniform for both groups. The distal edge of the plate was
placed approximately 2 mm proximal to the watershed line, with
the proximal end of the plate aligned with the radial shaft. A
nonlocking screw was first placed in the shaft gliding hole. We first
reduced the lunate facet fragment, followed by the scaphoid facet
fragment, which was stabilized with a K-wire. Fluoroscopy was
used to confirm the K-wire placement, fracture reduction, and
screw length on an extended tangential view.16 Screw lengths in the
articular segment were implanted 2mm shorter than themeasured
length. The remainder of the distal and shaft screws were placed by
first predrilling the hole, then measuring the length, and then
placing the screw.
Prestudy image analysis

Before testing, photographs were taken of the specimens, with
implants fixed to the volar surface. A soft surgical ruler was placed
in the field of view at the level of the bone-implant interface for
calibration of each specimen. ImageJ software (National Institute of
Health, Bethesda, Maryland, USA) was used to take 4 measure-
ments, including the volar surface area of the radius, the surface
area of the plate, the width of the distal radius at its widest cross-
section, and the width of the plate at the location of the widest
cross-section of the distal radius (Fig. 2).17
Experimental testing

A Mini Bionix servohydraulic load frame and a 15 kN load cell
were used for testing (MTS Systems). The proximal potted block
was fixed to the actuator in linewith the radial shaft. An angled vise
and custom fixture allowed a load ratio of 60% to 40% to be applied
to the scaphoid and lunate facets, respectively.18 Specimens were
preloaded to 50 N for 30 seconds, then sinusoidally compressed
from 50 to 250 N at 1 Hz for 5,000 cycles to simulate light, active
weight bearing, as would be prescribed by the surgeon during the
immediate postoperative period.3 Similar loading parameters have
been commonly used in biomechanical studies of volar locked
plates (VLPs).19e23

Specimens were then subjected to a ramped load until failure at
a rate of 1 mm/s, simulating a fall on an outstretched hand. Video
was captured of the failure event, and postfailure images were
taken.

Outcome measures and statistical analysis

Cyclic
Outcome measures included a loss of fixation during cyclic

loading, as measured by the difference in displacement between
cycle 5 and cycle 5,000 at the 250 N compression threshold when
comparing the plate size groups. Cycle 5 was chosen as the initial
cycle, because it was the point at which settling of the bone-
implant fixture was no longer observed in the data.

Load to failure
Outcome measures included the stiffness of bone-implant

constructs (slope of the most linear region of the force and
displacement curve), ultimate force at failure, and ultimate
compressive strength of the bone-implant construct. We report the
percentage of the volar surface area covered by the plate and the
percentage of the radial width spanned by the plate to ascertain
whether any experimental findings may be a function of plate size.
We also report the mode of failure for all specimens.

Statistical analysis
Cyclic and failure data analyses were completed with the use of

MATLAB software (MathWorks). A 1-tailed, matched-pair t test was
used to determine the statistical significance at an alpha level of
0.05 between the plate size groups.

Results

During a simulated postoperative cyclic loading period, loss of
fixation was significantly greater in the specimens treated with
narrow plates (0.75 ± 0.31 mm) than that in the specimens
treated with appropriately matched plates (0.63 ± 0.15 mm; P ¼
.05). A representative example of the force-displacement hys-
teresis curves during cyclic loading for 1 specimen pair is shown
in Figure 3.

In a simulated failure-loading scenario, the specimens treated
with appropriately matched plates (529.4 ± 113.0 N/mm) were
significantly stiffer than the specimens treated with narrow plates
(396.3 ± 131.5 N/mm; P¼ .01) (Table 1). The specimens treatedwith
appropriately matched plates (1101.7 ± 199.8 N) had a higher ul-
timate force prior to failure than the specimens treated with nar-
row plates (852.3 ± 120.6 N). For ultimate force, the mean of the



Figure 3. Representative force-displacement hysteresis curves showing a single specimen treated with a narrow plate (left) and an appropriately matched plate (right) during the
5,000-cycle test period.
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differences was 249.4 N/mm (P < .001). The ultimate compressive
strength was significantly higher for the specimens treated with
appropriately matched plates (1.84 ± 0.4 MPa) than for the speci-
mens treated with narrow plates (1.44 ± 0.3 MPa; P < .001).

Wide plates covered 52.9% of the surface area of the distal radius
and spanned 85.3% of the width of the distal radius. Standard plates
covered 49.4% of the surface area of the distal radius and spanned
81.3% of the width. Narrow plates covered only 39.0% of the surface
area of the distal radius and spanned 63.3% of the width. The per-
centage of the plate coverage area had amoderate correlation to the
ultimate force (R2 ¼ 0.48) and a moderate correlation to the ulti-
mate compression strength (R2 ¼ 0.45).

There were 5 identifiable modes of failure in this study: (1)
specimens failed by dorsal lunate facet fracture (n ¼ 20), (2) extra-
articular gap closure (n ¼ 2), (3) complete lunate (volar and dorsal)
facet fracture (n ¼ 10), (4) scaphoid facet fracture only (n ¼ 1), and
(5) scaphoid and dorsal lunate facet fracture (n¼ 3). Representative
images of these modes of failure can be seen in Figure 4.

Discussion

Perren24 described stability as the lack of deformation of a
fracture fixation construct under load. In a simulated weight-
bearing scenario that may be comparable to early postoperative
rehabilitation, our results demonstrated a significant difference in
the stability of the fixation construct between narrow and appro-
priately matched plates. This suggests that appropriate plate sizing
may play a role in construct stability within a clinically relevant
load-bearing scenario. According to Putnam et al,7 the load across
the distal radius is 3e5 times the grip force. It is not unusual for
patients to use their hands for activities of daily living early in the
rehabilitation period. Simple tasks can generate great forces on the
distal radius. For example, lifting a quart of milk may require a grip
force of 10 N, which means the load on the distal radius may be up
to 50 N. Therefore, the fixation must be able to tolerate these forces
to provide the desired anatomical results.
Table 1
Stiffness and Load to Failure Results Comparing Volar Locking Plate Size in Articular
Models of Distal Radius Fracture

Appropriately
Matched VLP

Excessively
Narrow VLP

Stiffness (P ¼ .01) 529.4 (±113 N/mm) 396.3 (±131.5 N/mm)
Load to failure (P ¼ .001) 1101.7 (±199.8 N/m) 852.3 (±120.6 N/mm)
Stress is a function of force and the cross-sectional area. For a
given radius, maximizing the articular surface area directly sup-
ported by the spread of the distal fixed-angle screws or pegs will
lower stress concentration and, therefore, may improve fracture
stability. Appropriately matching the plate width to the radius
maximizes the number of fixation points for fragmentary capture
and improved buttressing capacity, because smaller plates may
have fewer fixation points. This is a direct result of the size of the
area available on the distal plate to accommodate distal screws or
pegs. An appropriately matched plate may be advantageous in
comminuted fractures, where excessively narrow plates may not
effectively capture all small fragments. T€ornkvist et al25 and others
have described increased construct strength with a greater number
of screws and a greater spacing of the screws.26 Further, torsional
strength is gained with an increasing number of screws. This has
clinical applicability, because the degree of torsional forces pro-
duced by rehabilitation may also be substantial.27

The narrow plate used in this study contains 3 screws to support
the subchondral region of the lunate facet, compared to the stan-
dard or wide plates that contain 4 screws in this region. When
evaluating the mechanisms of failure in narrow plates, 89% were
due to failure of the lunate facet fragment. It is possible that the
reduced number of screws was insufficient to support the high
loads that are transferred across this region in these larger speci-
mens fixed with excessively narrow plates.

A potential complication from an undersized VLP is articular
penetration into the scaphoid fossa by the radial styloid screw or
peg. Applied articular loads push the joint surface onto the tip of
the most radial screw or peg, creating a localized, high-stress
concentration that can result in joint penetration. Plates that are
appropriately matched in width place the tip of the most radial
screw at or lateral to the radial styloid, as opposed to under the joint
surface. In this setting, the shaft of the screw supports the sub-
chondral bone of the scaphoid fossa, as opposed to the tip of the
screw. This reduces the risk of articular penetration.

Complications may arise from oversized VLPs. Attention must
be given to the plate size as well as the plate position. Coronal
plane malposition has been associated with discomfort and
subsequent plate removal.14 The extent of the coronal plane
width of the distal portion of the plate should not encroach on
the cortical margins, and the proximal shaft of the plate should
align colinearly with the longitudinal axis of the radius. Based on
the current results, using the widest plate while respecting these
criteria may provide improved stability and maximize sub-
chondral support.



Figure 4. Images depicting the modes of failure for specimens. A dorsal lunate facet failure (n ¼ 20); B complete lunate facet failure, dorsal and volar (n ¼ 10); C extra-articular gap
closure (n ¼ 2); D scaphoid facet failure (n ¼ 1); and E scaphoid and dorsal lunate facet failure (n ¼ 3).
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Limitations include those inherent with extrapolating clinically
relevant information from a biomechanical setting. Cadaveric
models are unable to precisely simulate an in vivo loading scenario
and do not incorporate the factors of healing. It is possible that early
callus formation may reinforce the fracture, thus minimizing the
effects seen if encountering an additional load because of fall.
However, compared with the in vivo setting, cadaveric radii may be
more conducive for determining the appropriately matched VLP.
The current findings were strengthened using a single-sex,
matched-pair model to eliminate variability. This improved un-
derstanding within this homogenous sample. However, this model
does limit the generalizability of the findings to other populations,
including older adult females, who comprise the largest proportion
of distal radius fractures. The experimental test setup was designed
after a validatedmodel of similar detail.3 The use of a single implant
limits the generalizability of the findings. Volar locked plates vary
in design and in the quantity and trajectory of screws.

In conclusion, within the tested population sample, the current
findings suggest that optimizing VLP width to the radial width may
provide advantages for improved fragment capture and stability of
the fixation construct.
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