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Introduction

The incidence of distal radius fractures (DRFs) is expected 
to rise as the population of older adults increases.1,2 The 
current guidelines from the American Academy of Ortho-
paedic Surgeons (AAOS) recommend conservative treat-
ment for displaced DRF in adults over 65 years of age.3 
Recent reports describe an increasing rate of surgical 
treatment in DRF.4,5 In part, this may be due to improved 
clinical outcomes in DRF after the introduction of the 
volar locking plate (VLP), which is currently the most 
common form of surgical treatment.6-8 Volar locking plates 
have shown efficacy in addressing a variety of common 
articular fracture patterns.9-11

Distal radius fractures present with articular surface 
involvement in approximately 50% of cases, commonly 
with a 3-fragment pattern involving the scaphoid and lunate 

fossa as described by Melone.5,12,13 There is recent evidence 
that within AO type C articular fracture patterns, the C3 
subset which has more than 2 articular fragments, is most 
common.14 Fragmentation of the articular surface may 
reduce the stability that is provided by a VLP, as the num-
ber of fixation points per individual fragment is reduced. 
Volar locking plate produce stability by creating a scaffold 
underneath the subchondral bone to support the articular 
surface of the distal fragment(s)—this is referred to as a 
raft construct.
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Abstract
Background: Distal radius fractures often present with a 3-part articular fragmentation pattern, with separation of 
the dorsal and volar lunate fossa. The column concept of distal radius fixation addresses the importance of stabilizing 
both the scaphoid fossa lateral column and the lunate fossa intermediate column. Recent evidence strengthens the 
value of immediate postoperative mobilization. Satisfactory outcomes following these protocols are predicated on volar 
locking plates (VLPs) providing adequate stability to the fracture repair. We hypothesize that a VLP which individually 
supports both lateral and intermediate distal radius columns may provide comparable stability between articular 
and non-articular cadaveric fracture models under parameters meant to simulate postoperative loading. Methods: 
Eleven cadaveric matched pair specimens were randomized to receive a simulated AO Type A2 non-articular distal 
radius fracture on one side with an AO Type C3 articular fracture on the contralateral side. Stiffness during cyclic 
loading was compared between fracture groups. A matched-paired Student t-test was used to determine statistical 
significance (P = .05). Results: There were no significant differences (P = .35) in stiffness between the articular 
models (mean 370.0 N/mm, +/-93.5) and the non-articular models (360.4 N/mm, +/-60.0) of distal radius fracture. 
Conclusion: A VLP that individually supports the scaphoid and lunate fossa with fixed angle subchondral support may 
provide comparable fixation strength with resistance to displacement between articular and non-articular fracture 
patterns. The current results suggest that fossa-specific VLP fixation in articular fractures can maintain construct 
stability during postoperative loading.
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The column concept of Rikli and Regazzoni provides a 
framework to understand distal radius fixation constructs.15 
The column concept states that after DRF, stability must 
always be restored to both the lateral and the intermediate 
columns. There is also consideration for stabilization of the 
third or medial column in the presence of an unstable distal 
radioulnar joint. The lateral and intermediate columns act as 
independent load-bearing structures.

The importance of postoperative rehabilitation following 
VLP fixation is well established.16,17 Furthermore, recent 
evidence strengthens the value of mobilization that is initi-
ated in the immediate postoperative period.18-20 Satisfactory 
outcomes following these protocols are predicated on VLPs 
providing adequate stability to the fracture repair. Prior 
reports have biomechanically evaluated VLP stability in 
articular DRF patterns.21-23 To our knowledge, the stability 
of a fossa-specific construct in articular DRF patterns has 
not been investigated. As VLP designs evolve, continued 
evidence is needed to evaluate the capabilities of these sys-
tems to accommodate immediate mobilization.17

Our objective was to compare fixation stability between 
articular and non-articular DRF patterns using a VLP which 
individually supports the lateral and intermediate radial col-
umns. These fracture models were tested under loading 
parameters meant to simulate postoperative rehabilitation. 
We hypothesized that stability would be comparable 
between articular and non-articular fracture patterns.

Materials and Methods

Specimen Preparation

Using 6 matched pairs, a preliminary power analysis was 
done to determine appropriate sample size. This analysis 

indicated that 11 matched pairs were needed to demonstrate 
sufficient power. The power analysis was done using alpha 
= 0.05 and beta = 0.8. Across the 11 male matched pairs of 
fresh-frozen human cadaver forearms used in this study, the 
median age was 59 years (interquartile range = 11). Radio-
graphs were obtained to ensure no prior trauma or arthritic 
changes. Specimens were thawed for 24 hours prior to initi-
ating bony preparation. Each radius was removed from 
cadaveric forearms and osteotomized at the junction of the 
middle and distal third of the radial shaft. The hand was 
disarticulated at the radiocarpal joint. The radii were pinned 
and potted with urethane casting resin (Smooth-Cast 300, 
Smooth-On Inc, Macungie, Pennsylvania) for securing the 
radii to the test fixture.

A randomization procedure was used to identify one 
specimen from each pair to be included in the non-articular 
fracture pattern test group. The contra-lateral specimen was 
placed in the articular fracture pattern group. Care was taken 
to ensure a similar number of left and right radii in each 
group to avoid handedness bias. All fracture models were 
created by a fellowship trained hand surgeon. A 25 mm x 9.2 
mm x 0.48 mm Casper oscillating saw blade (Stryker TPS, 
Kalamazoo, Michigan) and custom cutting jig were used to 
create the AO Type A2 nonarticular and the AO Type C3 
multifragmentary articular fracture to ensure osteotomy con-
sistency.24 The non-articular model was created by first mak-
ing a transverse cut 1.5 cm proximal to the distal articular 
surface. A second cut was made at 45 degrees in relation to 
the transverse cut, at 5 mm proximal to the distal articular 
surface, removing a 1 cm wedge of bone to simulate dorsal 
metaphyseal comminution. For the AO Type C3 multi-frag-
mentary articular fracture, an additional sagittal cut at the 
junction of the scaphoid and lunate facet, followed by a cor-
onal cut in the center of the lunate fragment (Figure 1). In 

Figure 1. (a and b) Nonarticular and (c and d) articular fractures were created using a cutting jig for the dorsal wedge osteotomy 
that was made 1.5 cm proximal to the dorsal radial articular ridge.
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both fracture models, we ensured the presence of a 2 mm 
gap with no contact of the volar cortical bone.

Implant Placement

The appropriately sized VLP was determined by maximiz-
ing the coronal plane coverage of the distal radius without 
plate overhang or screw cut-out. The VLP being tested 
was the Geminus (Skeletal Dynamics, Miami, Florida). 
This plate has a dual-column design which independently 
supports the lateral and intermediate columns of the distal 
radius with fixed-angle multi-planar points of fixation. In 
all fracture fixation, 2.3 mm threaded locking screws were 
used distally in the metaphysis and 3.5 mm fully threaded 
nonlocking cortical screws were used in the radius shaft. 
Technique for plate placement was consistent for the artic-
ular and nonarticular groups. The distal edge of each plate 
was placed approximately 2 mm proximal to the water-
shed line, an anatomical landmark which is defined by the 
volar rim of the lunate fossa. The proximal end of the plate 
was positioned colinear with the radial shaft. A non-lock-
ing screw was first placed in the shaft gliding hole. Kirch-
ner wires (K-wires) were placed in the most proximal ulnar 
2.3 mm screw hole and the radial styloid 2.3 mm screw 
hole using a K-wire guide. This stabilized the distal frac-
ture fragments. Anteroposterior, 30 degrees lateral and 
extended tangential fluoroscopic views were used to confirm 
appropriate plate width and k wire position. The K wires, 
shaft screw and plate were then removed. The osteotomy 

was created as described above, and the plate was replaced 
by first placing the K-wires in the distal fragment followed 
by securing the plate to the shaft. The remaining shaft 
screw holes were filled by first predrilling, then measur-
ing, then placing the correct size screw. Fixation of the 
distal fragment(s) consisted of bicortical drilling then 
placing screws which measured 2 mm shorter than mea-
sured length to ensure no dorsal cortical breech. Antero-
posterior, 30 degrees lateral and extended tangential 
fluoroscopic views were used to confirm correct screw 
length and plate position. The distal screws did not project 
past the dorsal cortex (Figure 2).

Experimental Testing

Matched articular and nonarticular DRF fixation con-
structs were tested under cyclic loading. A Mini Bionix 
servohydraulic load frame was used for testing (MTS 
Systems, Eden Prairie, Minnesota). The proximal potted 
block was fixed to the actuator in line with the radial 
shaft. An angled vise and custom fixture allowed a 60/40 
load distribution to be applied to the scaphoid and lunate 
facets respectively (Figure 3).25 The loading parameters 
were previously described to simulate postoperative reha-
bilitation loads following DRF fixation.26 Specimens 
were preloaded to 50 N for 30 seconds then were sinusoi-
dally compressed from 50 to 250 N at 1 Hz for 5000 
cycles to simulate light active weight bearing during the 
immediate postoperative period.26

Figure 2. Extended (a) tangential, (b) anteroposterior, and (c) lateral view fluoroscopy with appropriate subchondral screw lengths 
in an articular fracture pattern.
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Outcome Measure and Statistical Analysis

The outcome measure was the stiffness of bone/implant 
constructs (slope of the most linear region of the force/dis-
placement curve) during cyclic loading.

Data columns were tested for normality with Shapiro 
Wilk tests. Data analyses were completed using R® soft-
ware. A 1-tailed, matched paired Student t-test was used 
to determine statistical significance at an alpha level of 
0.05 between the articular and non-articular fracture pat-
tern groups.

Results

Mean stiffness for non-articular specimens was 370.0 N 
(+/-93.5), and mean stiffness for articular specimens was 
360.4 N (+/-60.0). Differences were not statistically sig-
nificant when comparing the articular and non-articular 
models (P = .35) (Table 1). Individual specimen results for 
both articular and non-articular fracture models are shown 
in Table 2.

Discussion

There is increasing evidence for accelerated recovery when 
rehabilitation is performed immediately following DRF 
fixation.18-20,27 The momentum for immediate postopera-
tive rehabilitation highlights the importance of the stability 

provided by VLP constructs.17 Under cyclic loading meant 
to simulate postoperative rehabilitation demands, results 
showed no significant difference in construct stiffness 
between the articular and non-articular fracture patterns. 
The current findings demonstrate that a VLP with individ-
ual support for the distal radius columns can provide appro-
priate levels of stability in articular fracture patterns. 
Importantly, the levels of stability were recorded under 
loading parameters that simulate postoperative rehabilita-
tion.

Recent biomechanical studies on VLP fixation have uti-
lized loading parameters meant to simulate postoperative 
function. Marshall et al28 compared VLP composition in a 
C3 DRF model using cyclic loading from 20 N to 230 N for 
6000 cycles. Salas et al26 compared VLP designs in an A3 
DRF model using cyclic loading from 50 N to 250 N for 
5000 cycles. When comparing 1 row to 2 rows of distal 
screws in a VLP, Tsutsui et al29 used a C2 DRF model under 
cyclic loading from 0 to 250 N for 3000 cycles. Our proto-
col of cyclic loading from 50 N to 250 N for 5000 cycles is 
similar in load and cycles to the recent literature.

The column concept of loading onto the distal radius is 
corroborated by observations of bony and fracture anat-
omy. The scaphoid fossa or lateral column is supported by 
2 cancellous bone units that transmit load to the dorsal and 
palmar radial cortexes. The scaphoid fossa remains a sin-
gle fragment in many articular injuries. The lunate fossa is 
supported by a single palmar cancellous bone unit which 
primarily transmits loads to the palmar cortex. The lunate 
fossa is commonly divided into 2 fragments by a coronal 
fracture line. The column concept can be applied to VLPs 
as these devices can fulfill the fixation requirements of 
both lateral and intermediate columns. This capability is 
predicated on the locking screws being properly positioned 
to create the rafting construct that is required by the unique 
anatomy of each column or fossae. The intermediate col-
umn requires subchondral support to the dorsal and palmar 
aspects due to several factors. Common articular fracture 
patterns have a coronal fracture plane that divides the 
lunate fossa into a palmar and a dorsal fragment.12 The 
lunate fossa has a more palmarly located centroid of force 
application when the wrist is neutral25,30,31 and the fossa is 
offset palmarly from the radial shaft.32 Additionally, the 
concave surface of the distal radius accounts for the planar 
variation between the dorsal and volar articular surfaces of 
the lunate fossa. Thus, subchondral rafting support of 
these fragments requires 2 or more elements that cross in 
the coronal plane and are tangential to the dorsal and volar 
articular surface. This construct is intended to reproduce 
the concave geometry of the distal radius articular surface. 
The scaphoid fossa, because of its greater volar tilt33 and 
its centrally located centroid of force application,30 can be 
effectively supported by a single plane of subchondral 
support elements. The concept of independent column 

Figure 3. Application of axial load with 60/40 distribution 
(lunate/scaphoid facets respectively) via an angled vise.
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buttressing was developed due to an understanding of the 
loading mechanics on the distal radius.15,34 This biome-
chanical principle has been applied to fragment-specific 
fixation and to VLP design.

Stiffness of the fixation construct is an integral compo-
nent for bone healing. Articular fragmentation and displace-
ment may preclude some fixation methods and constructs 
from maintaining reduction or facilitating bone healing.35,36 
Fracture healing is dependent upon mechanical stability 
and vascularization. Mechanical stability refers to the like-
lihood of fracture fragments to remain in the reduced posi-
tion. Stiffness is an aspect of stability that refers to the 
force needed to displace the fragments a unit of length. 
Higher stiffness reduces the potential for interfragmentary 
motion and displacement. In the case of articular fragment 
vascular disruption which can occur with a volar marginal 
fragment, greater stiffness may be needed for healing to 
occur.10,37-39

Limitations of the current work include those that are 
inherent to biomechanical testing. Cadavers have variable 
bone density, and the biological tissue is not consistent 
across specimens. Matched pairs were used to minimize 
this error. We did not have data for specimen handedness. 
Though given the current sample size and the population 
distribution of hand dominance, it is unlikely that these 
data would have influenced the results. The conclusions 
were derived from comparison of 2 specific fracture pat-
terns, therefore may not be generalizable to other fracture 

patterns. Additionally, the use of a single VLP reduces the 
applicability of the conclusions to constructs featuring 
other locking plate designs. The conclusion demonstrates 
the biomechanical capability of a fossa specific VLP to 
accommodate postoperative loading following a commi-
nuted articular DRF. Future study is needed to determine 
if these findings are clinically supported. Strengths of the 
work include a single implant design and previously vali-
dated loading parameters meant to simulate postoperative 
loading.

Our findings demonstrate that a VLP which individually 
supports the scaphoid and lunate fossa with fixed angle sub-
chondral support may provide comparable fixation stability 
with resistance to displacement between non-articular and 
articular fracture patterns under loading parameters meant 
to simulate post-operative rehabilitation.
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jects.

Table 1. Stiffness Comparison Between Articular and Non-Articular Distal Radius Fracture Patterns.

N = 11 Articular fracture patterns Non-articular fracture patterns Statistical significance

Stiffness
 Mean 360.4 N/mm 370.0 N/mm P = .35
 SD 60.0 99.5  

Table 2. Stiffness Values for Individual Specimens in Articular and Non-Articular Distal Radius Fracture Patterns.

Specimen

Stiffness

DifferenceArticular fracture patterns (N/mm) Non-articular fracture patterns (N/mm)

1 425.2 391.3 33.9
2 339.7 467.6 (127.9)
3 316.2 217.9 98.3
4 323.6 351.0 (27.4)
5 300.2 296.1 4.1
6 301.8 401.1 (99.3)
7 465.7 517.4 (51.7)
8 350.4 317.6 32.8
9 450.0 453.2 (3.2)
10 372.1 248.8 123.3
11 319.3 407.0 (87.7)
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