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Stability of unicortical locked fixation versus bicortical
non-locked fixation for forearm fractures

Timothy J Pater’, Steve | Grindel', Gregory J Schmeling'? and Mei Wang'*

Locking plate fixation is being widely applied for fixation of forearm fractures and has many potential
advantages, such as fixed angle fixation and improved construct stability, especially in osteoporotic bone.
Biomechanical data comparing locking devices to commonly used Low Contact Dynamic Compression
(LCDCP) plates for the fixation of forearm fractures has been lacking. The purpose of this study was to compare
the fixation stability of a 3.5-mm unicortical locked plate with bicortical non-locked LCDCP plates. Six matched
pairs of fresh frozen cadaveric forearms were randomly assigned to unicortical locked and bicortical unlocked
groups. Non-destructive four-point bending and torsional test was performed on the ulna and radius
separately, using a servohydraulic testing system to obtain construct stiffness of the intact specimens and
specimens after osteotomy and plating. The specimens were then loaded to failure to test the fixation strength.
The locked unicortical fixation showed significantly higher bending stiffness than the unlocked bicortical
fixation, but with significantly lower stiffness and strength in torsion. Fixation strength was comparable
between the two groups under bending, but significantly greater in the bicortical non-locked group under
torsion. Findings from this study suggest that postoperative rehabilitation protocols may need modification to
limit torsional loading in the early stage when using locked unicortical fixation. The study also points out the

potential advantage of a hybrid fixation that combines locked unicortical and unlocked bicortical screws.
Bone Research (2014) 2, 14014; doi:10.1038 / boneres.2014.14; published online 1 July 2014

INTRODUCTION
Open reduction and internal fixation of forearm fractures
are among the most commonly performed orthopedic
procedures. Biomechanical analysis of fraditional forearm
compression plates has been performed in the cadaveric
model. Cortical fixation in various constructs influences
fixation stability. The number of cortices that fixation screws
engage is important to construct stability.'? However,
fixation involving a larger number of cortices may weaken
bone following plate removal. Studies have shown that
screw holes weaken cortical bone and are potential sites
for refracture.®

Locking plate fixation is now being clinically employed
for fixation of forearm fractures and has many theoretical
advantages.*® The potential advantages include fixed
angle fixation, improved construct stability, especially in
osteoporotic bone and the ability to use locked unicortical
screws potentially decreasing the risk of refracture follow-
ing plateremoval. Biomechanicaldata comparing locking

devices to commonly used Low Contact Dynamic Com-
pression (LCDCP) plates for the fixation of forearm fractures
have not been established.

The purpose of this study was to determine the mech-
anical behavior of 3.5-mm locking plates compared to
LCDCP plates. The study attempts to answer the clinical
question of whether it is more beneficial to fix a fractured
forearm with bicortical screws or unicortfical locked screws
from the perspectives of fixation stability.

MATERIALS AND METHODS

Six matched pairs of fresh frozen cadaveric forearms were
procured (donor mean age: 83 years, three male and
three female), and were completely dissected from their
soft tissues. Prior fo testing, plain radiographs of all speci-
mens were taken to rule out any underlying osseous patho-
logy. Bone densiometry scanning [dual energy X-ray
absorptiometry (DEXA) scan] was performed on each
specimen. The purpose of DEXA scanning was to rule out
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significant side-to-side bone density differences related to
hand dominance.

Bending fest

One ulna in each pair was randomly selected to receive
either locked unicortical or non-locked bicortical plate
fixation. Bicortical fixation was performed using eight-hole,
3.5-mm LCDCP (Synthes, Paoli, PA, USA). Locked unicorti-
cal fixation was performed using eight-hole 3.5-mm lock-
ing compression plates (Synthes). Screws were placed in
the three most proximal and three most distal holes of
each plate, leaving the center two holes open.

Each specimen was potted in customized jigs with den-
tal cement and underwent a series of four-point bending
tests using a servohydraulic, bimodal materials testing sys-
tem (Model 809; MTS Systems, Eden Prairie, MN, USA). Four-
point bending tests were performed in the apex dorsal
plane (plate acted as tension band) under a displace-
ment control (Figure 1). Three cycles of preconditioning
were preformed for all tests.

First, a non-destructive four-point bending test was per-
formed on the intact specimens that were predriled to
receive either locking unicortical or unlocking bicortical
screws. The maximum moment applied was 7.5 N-m and
the loading rate was 0.1 mm-s~'. This peak moment was
selected to simulate physiological loading of the forearm,
and was scaled down by 25%-50% from the published
bending strength of the intact radius.” The compressive
force and corresponding vertical displacement measured
from the MTS built-in load cell and displacement sensor
were converted into the applied bending moment and
corresponding angular displacement. Bending stiffness
of the ulna was obtained from the linear region of the
load-displacement plot. Next, an osteotomy was per-
formed on the intact specimen using hand saw in the mid-
dle of the bone, and the plates were instrumented. Non-
destructive four-point bending tests were repeated to

Figure 1. Experimental set-up for four-point bending test.

Bone Research (2014) 14014

evaluate bending stability of the plated construct.
Finally, the plated ulna construct was loaded to failure at
the same loading rate o determine the bending strength
of the plated construct. Construct failure was defined as
the first drop inload, and the maximum compressive force
at the point of failure was recorded.

Torsional test

Matched pairs of radii from the forearm specimens were
prepared in identical fashion. This portion of the study was
designed to evaluate torsional construct stability.
Specimens were potted in customized jigs (Figure 2).
Torsional load up to 4 N-m was applied to intfact speci-
mens (with screw holes prepared) under displacement
control. The peak torque was scaled down by 25% of the
ultimate torques of the intact radius and ulna reported by
Yamada.® The tests were repeated following osteotomy
with the plate applied, and the maximum torsion applied
was reduced to 2 N-m to avoid damaging the weakened
construct. Finally, the plated radial construct was loaded
to failure in torsion.

Data analysis

To evaluate fixation stability between the plated con-
structs from the locking unicortical and bicortical LCDCP
groups, bending and torsional stiffness were compared
using paired, one-tailed f-test. For comparison of the fixa-
tion strength, the differences in maximum bending and
torsional loads between the two groups were also com-
pared with the paired t-test. In addition, bending and tor-
sional stiffness of the intact specimens with unicortical
screw holes and those with bicortical screw holes were
compared as an indication for potential for refracture risk.
Significant level of P<<0.05 was used for all tests. Finally, to
determine the effect of bone density on the construct
behaviors, Pearson correlation coefficients were determined
between the DEXA bone mineral density measurements

Figure 2. Experimental set-up for torsional test.
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and the stiffness or strength of the construct. A P-value of
less than 0.05 was considered significant.

RESULTS

Bending

Intact ulnae with unicortical screw holes showed an aver-
age increased stiffness of 19% compared to intact ulnae
with bicortial screw holes (327 N-mm™' versus 275 N-mm™',
P<0.03). Osteotomized specimens that were recon-
structed using unicortical locked plates showed an aver-
age increased stiffness of 21% when compared to those
specimens plated using bicortical fixation (185 N-mm™'
versus 153 N-mm~', P<0.03). There was no difference in
average failure load of unicortical locked plate fixation
compared to bicortical non-locked plate fixation (1285 N
versus 1289 N, P<0.49). Detailed results are listed in Table 1.

Torsion

Intact radii with unicortical screw holes showed an insig-
nificant 3.3% increase in stiffness when compared to intfact
radii with bicortical screw holes (0.64 N-m per degree versus
0.6 N-m per degree, P=0.33). The mean stiffness of osteo-
tfomized specimens plated with unicortical locked fixation
showed a decrease of 44% when compared to specimens
plated with bicortical non-locked fixation (0.12 N-m per
degree versus 0.21 N-m per degree, P<0.013). Maximum
torque at failure for unicortical locked fixation was 59% less
than specimens plated with bicortical non-locked plate
fixation (2.67 N-m versus 6.57 N-m, P<0.002). Detailed
results are listed in Table 2.

Effect of bone density

Bone densitometry testing as measured by DEXA scanning
showed no significant side fo side differences within each
matched pair. There was a moderate relationship
between bone density and bending (R=0.75, P=0.09)
and torsional (R=0.88, P=0.02) stiffness of the intact speci-
mens from the unicortical group. The bone density also had
significant influence on the bending and torsional strength
(R=0.89, P=0.02) of the unicortically plated consfructs.
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There was no statistically significant relationship between
bone density and stiffness of either plated constructs.

DISCUSSION

Traditional closed treatment methods for adult forearm
fractures such as casting and bracing have long ago
given way to operative intervention. Fixation of forearm
fractures are among the most often performed proce-
dures in orthopedics today. Because forearm plating is
performed so commonly, it is important to consider the
biomechanical properties of implants to appropriately
apply them in patients.

Our study focuses on evaluating differences in fixation
behavior of locked plates and LCDCP plates and delineat-
ing potfential advantages of each. LCDCP plating with
rigid fixation has been employed with success for many
years and is widely accepted by orthopedic surgeons in
the treatment of forearm fractures. The use of these
implants generally involves standard AO technique with
anaftomic reduction, compression and rigid fixation. If is
commonly accepted that adequate fixation involves six
to eight cortices of screw fixation above and below the
fracture site when using these implants.?

Biomechanical studies comparing stability of new gen-
eration locked plating systems to that of fraditional
implants have been few. Martiet al.,'®in a biomechanical
study, compared locked Less Invasive Stabilization System
plating fo Dynamic Condylar Screw and Condylar Buttress
Plating in the femurin a cadaver model. The results suggest
enhanced ability fo withstand high loads when using uni-
cortical locked fixation when compared fo traditional
implants. Although biomechanical studies have been per-
formed in forearm models comparing a variety of implants
and constructs, no studies to date have focused on the
use of locked implants in the forearm.''='*

Recently, 3.5-mm locking compression plates have
been made available for clinical use (Synthes). These
plates are based on LCDCP designs, but offer the option
of locked fixation and the theoretical advantages of fixed
angle fixation with improved construct stability, improved

Table 1. Mean (s.d.) results from the four-point bending tests on the matched ulna specimens

Bicortical Unicortical % Difference Unicortical vs. bicortical P-value
Intact stiffness/(N-mm 1) 274.8+136.4 327.1+133.0 +19% 0.03
Reconstructed stiffness/(N-mm™1) 153.0%55.3 185.0+75.0 +21% 0.03
Reconstructed strength/N 1285.0£628.0 1289.0+£468.0 +0.3% 0.49
Table 2. Mean (s.d.) results from the torsional tests on the matched radial specimens

% Difference

Bicortical Unicortical Unicortical vs. bicortical P-value
Intact stiffness/(N-m per degree) 0.62+0.29 0.64+0.26 +3.3% 0.330
Reconstructed stiffness/(N-m per degree) 0.21+0.05 0.12+0.07 —43.8% 0.010
Reconstructed strength/(N-m) 6.57+2.39 2.67+0.61 —59.4% 0.002
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preservation of biology, improved fixation in osteoporotic
bone and less risk of refracture following plate removal.
Several authors have reported a significant incidence of
refracture after plate removal with traditional forearm fixa-
tion."'¢ The ability to use locked unicortical screws the-
orefically lowers the risk of refracture following plate
removal. In our cadaveric forearm model, intact speci-
mens with unicortical screw holes were stiffer during the
application of bending and torsional loads than those with
bicortical screw holes. This suggests an advantage of uni-
cortical locked plate fixation in the tfreatment of forearm
fractures in that immediately after hardware removal, the
bone would be better able fo resist four-point bending
and torsional loads. This implies that fracture or refracture
upon hardware removalis less likely when using unicortical
locked fixation.

An additional proposed advantage of locked cortical
fixation is improved construct stability. In our model, unicor-
tical locked plafting of the osteotomized specimens
showed increased stiffness during four-point bending.
Comparison of the unicortical locked and bicortical non-
locked groups showed equivalent strength with regard to
load to failure in four point bending. This suggests a poten-
tial advantage of unicorticallocked plating in that it is stron-
ger in four-point bending under normal physiological loads.

However, specimens fixed with unicortical locked plat-
ing showed decreased stiffness during torsional loading
when compared to bicortical LCDCP plate fixation of
the osteotomized specimens. Similarly, unicortical locked
plating of the osteotomized radii specimens had a much
smaller torque to failure when compared to bicorticalnon-
locked plating of the osteotomized specimens. This is a
potential disadvantage of unicortical locked plate fixa-
tion in the freatment of forearm fractures in that it is more
likely to fail during torsional loads. This suggests that post-
operative rehabilitation protocols may need to be modi-
fied to avoid torsional loading when unicortical locked
plate fixation is used in the freatment of forearm fractures.

There are some limitations to the study model. The model
used in this study is a single bone forearm model. Although
the single bone model is commonly accepted in the lit-
erature as a means of testing forearm construct stability,
the fact remains that the forearm is a functionally complex
two bone system with unique soft tissue confributions. One
must take this into account when applying this datain the
more complexin vivo forearm.

Furthermore, this study does not examine potential
advantages and disadvantages of each device with
regard to the biology of fracture healing. Fixed angle
devices have the theoretical advantage of improved bio-
logy preservation and therefore, improvedrates of healing
compared to compression plating. A number of studies
have examined the effect of traditional forearm constructs
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on the biology of fracture healing.'?'” Similarly, minimally
invasive and less invasive reduction techniques with and
without fixed angle devices have been studied clinically
in the tibia and distal femur.””~2° These studies highlight
increased attention in more recent years to the biology of
fracture healing. Therefore, biomechanical stability can-
not be considered in isolation when considering implant
choice. The issue of biology was not addressed in this study
and should be the subject of future study.

The bone density seemed to have no significant effect
on the fixation stiffness of either the unicortical or bicortical
group. However, for the unicortically plated construct, the
bone density was a significant factor for both fixation
strength and refracture risk. Future studies may focus on
the relative value of locked fixation in osteoporotic bone
in the specific case of forearm fractures.

In summary, unicortical locked fixation and bicortical
non-locked fixation both appear to afford adequate con-
struct stability for a forearm simple fracture model in the
immediate postoperative stage. Unicortical locked fixa-
tion demonstrated greater stability against bending loads
of the forearm, and potentially decreased refracture risk
following plate removal. However, rehabilitation protocols
may need to be modified when using this fixation to limit
torsional loading in the early postoperative period.
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