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Abstract

Objective This study evaluates a proximally angulated
cortical screw forming a triangular construct in lateral lock-
ing plates of comminuted intraarticular tibial plateau frac-
tures.

Methods Sixteen composite tibiae were used for the frac-
ture model and a complete articular fracture of the proximal
tibia (AO 41.C2) was performed. A compression force was
applied to the medial tibial plateau with an alternating,
stepwise loading: 250 N-10 N-300 N-10 N-350 N-10 N—
400 N. The relative motion between the different fragments
of each sample was measured using a contactless, 3-dimen-
sional digital image correlation system.

Results Between the medial and lateral condyle, elastic as
well as plastic shear was significantly lower using the trian-
gular support screw (p < 0.05). In the metaphyseal region,
elastic deformation remained identical, independent of the
screw positioning. However, plastic deformation (varus
collapse) was significantly reduced by 30—40% using a
triangular support screw at higher compression forces
(>300 N; p < 0.05).

Implants used in this study were donated by Zimmer, Inc., Switzerland.
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Conclusion Based on the results of this study, the use of a
triangular support screw in metaphyseal comminuted tibial
plateau fractures might enhance fracture stability. How-
ever, further studies are necessary to prove these biome-
chanical results in composite bone.
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Introduction

Intraarticular fractures of the proximal tibia with metaphy-
seal comminution present a surgical challenge due to their
highly unstable fracture pattern and the often-associated
soft tissue damage [1]. There is still considerable contro-
versy regarding the optimal fixation method [2—4]. Impor-
tant cornerstones in treating these difficult fractures are
anatomical restoration of the articular surface, correct
mechanical alignment [5], and minimal surgical soft tissue
injury. While double plating of theses fractures seems to
restore good mechanical stability, the necessary extensive
soft tissue dissection and the impaired blood supply to the
bone remain a concern [5, 6], and the infection rate after
double plating seems unacceptably high [6]. Hence, new
angular stable implants have been developed to allow less
invasive operating techniques and improve mechanical sta-
bility. While some biomechanical studies found equal
strength and stiffness of lateral locking plates compared to
conventional double-plate constructs [7, 8], others showed
increased subsidence of the medial fragment with a single
lateral locking plate [9, 10]. Higgins et al. [10] even raised
concerns about the widespread use of isolated lateral locked
plate constructs in bicondylar tibial plateau fractures. In
addition, clinical data suggest that unilateral locking plates
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of bicondylar tibial plateau fractures may lead to loss of
reduction [11]. Hence, the question arises as to whether it is
possible to further improve the stability of a lateral locking
plate with a triangular support screw.

The aim of this study was to evaluate the biomechanical
advantages of a lateral locking plate in an AO C2 type tibial
fracture fixed with a proximally angulated cortical screw
forming a triangular construct. This form of fixation was
compared to a horizontal screw.

Materials and methods

Sixteen fourth-generation composite tibiae (Sawbones®
Europe, Malmo, Sweden) were used for the fracture model.
Standardized osteotomies representing a complete articular
fracture of the proximal tibia (AO 41.C2) were performed.

Osteotomies and screw placement

An osteotomy 4 cm lateral to the medial plateau was per-
formed with a surgical saw. The tibiaec were then osteotom-
ized 6.5 cm distal to the tibial plateau and a gap of 1 cm in
the diaphysis was created. All osteotomies were accom-
plished with the bone models clamped to a workbench
using a custom-built jig to allow repeatable cuts. An eight-
hole NCB® locking plate (Zimmer Inc., Winterthur, Swit-
zerland) was placed on the lateral aspect of the tibiae using

Fig. 1 a NCB-plate on an AO
41 C type tibial plateau fracture.
a Proximally angulated screw.

b Horizontal screw. b Testing
set-up, bone sample in the mate-
rial testing machine; digital cam-
eras from three-dimensional
digital image correlation system
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self-tapping cortical and cancellous screws. The proximal
tibial NCB® plate is an anatomically precontoured plate
with the possibility of polyaxial locking screw fixation. The
cancellous screws are available partially or fully threaded
and can reduce a fracture gap achieving interfragmentary
and plate-to-bone compression. In a final step, the screw
heads are locked to the plate with a locking cap.

First, under direct visualization, the fracture was ana-
tomically reduced and temporarily secured by applying
reduction forceps. Subsequently, the medial and lateral tib-
ial condyles were fixed with three partially threaded cancel-
lous screws to the NCB® plate. These three screws were
placed close to the subchondral bone and interfragmentary
compression of the articular fragments was obtained
(Fig. 1). Two plate holes were then omitted. The third hole
was filled with a cortical locking screw in either a horizon-
tal position or angulated support position. In group 1
(n = 8) a horizontal locking screw was placed. In group 2
(n=8) a 15° proximally angulated locking screw was
placed to create a triangular support (Fig. 1).

The two screw holes distally adjacent to the gap and the
most distal screw hole were filled with cortical locking
screws. All of the fractures showed an anatomical reduction
of the articular fragments. Subsequently, locking caps were
applied and tightened using a torque-limiting screwdriver
(6 N m) as suggested in the manual. A single orthopaedic
surgeon with experience in trauma performed all osteoto-
mies and plate fixations.
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Sample preparation and mounting

The distal end of the tibia was osteotomized and mounted
in a custom-built stainless steel pot. The pot itself was con-
nected to the actuator through a ball joint to avoid torque at
the distal end during axial compression. The construct was
placed vertically in the anteroposterior view and tilted 5°
dorsally as described by Gosling et al. [7]. Proximally, a
metal sphere was used to apply the axial compression force.
A circular notch (2 mm depth, 7 mm diameter) was drilled
into the medial plateau to act as a counterpart to the sphere
and prevent slipping of the specimen.

Loading regime

A uniaxial electromechanical material testing machine
(Zwick Inc., Ulm, Germany) applied axial compression.
The compression force was applied to the medial-tibial pla-
teau (Fig. 1b). The load was reduced to the preload after
each load step. The load was held constant at each load step
for 2s to make sure that the peak relative movement
between the fragments was detected by the image correla-
tion system. The maximum load that the model securely
resisted was 400 N without the metal sphere slipping from
the tibial plateau. Stepwise loading (loading rate of 10 N/s)
was performed starting at a load of 250 N and a preload of
10 N. The load was then increased stepwise by 50 N up to
400 N. To measure the motion between the different frag-
ments of each sample (Fig. 2), a contactless, 3-dimensional
digital image correlation system (LIMESS Messtechnik
und Software GmbH, Pforzheim, Germany) was used. The
image data were recorded time-synchronized with the force

Fig. 2 a group 1, horizontal
screw, b group 2, proximally
angulated screw. a Distance be-
tween medial condyle and tibial
diaphysis below the osteotomy
gap, b distance between lateral
condyle and tibial diaphysis be-
low the osteotomy gap, ¢ shear
of medial against lateral tibial
condyles

data from the material testing machine with a sampling rate
of 5 Hz. This measurement system allows visualizing full-
field surface deformations and fracture gap movements.
The image data were recorded time-synchronized with the
force and distance data from the material testing machine.
To calculate the deformations, VIC-3D (Correlated Solu-
tions, Inc., Columbia, SC, USA) software was used. The
mean accuracy of the image correlation measurements in
this set-up (field of view ~8.5cm x 12 cm) was within
41 pm. The two digital video cameras (1.6 megapixels
each) tracked the dynamic movements of the sample sur-
faces with five frames per second (Fig. 1b).

Data were processed and analyzed using MathCAD 13.0
(Mathsoft Inc., Cambridge, MA, USA) and SPSS 15.0
(SPSS Inc., Chicago, IL, USA). Univariate descriptive sta-
tistics as well as non-paired ¢ tests were calculated to com-
pare mean elastic and plastic displacements between the
two screw placement groups. The p values below 0.05 were
considered statistically significant.

Results

Overall, there was no failure in medial fragment fixation or
of the NCB® plate. In addition, there was no failure of sam-
ple fixation to the material testing machine during testing.
The following parameters were measured and obtained.

Elastic shear between the medial and lateral condyle

There was a statistically significant difference between the
two groups with regard to elastic shear displacement of the
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Table 1 Elastic and plastic shear of the medial against the lateral tibial
condyle (mean = standard deviation)

Force  Screw type, absolute (um) Difference p value
step (N)
Horizontal =~ Angulated  Absolute Relative
(pm) (%)
Elastic shear, at “c”
250 74+ 1 15+7 59 80 0.001*
300 90 £+ 30 17 £22 73 81 <0.001%*
350 109 +3 21+9 88 81 <0.001%*
400 130 +£40 24 £+ 36 106 82 <0.001*
Plastic shear, at “c”
250 15+16 —2x15 17 113 0.042%*
300 204+ 20 —-3+18 23 115 0.028*
350 25 +23 —5+£22 30 120 0.019*
400 30 £27 —5+24 35 117 0.018*

Corresponding image, Fig. 2
* Statistically significant difference

medial condyle in relation to the lateral condyle (Fig. 2c¢).
Group 1 (horizontal screw) samples showed significantly
larger displacements (p < 0.001) at all loading steps com-
pared to group 2 samples (angulated screw). Shear motion
with an angulated screw showed a reduction of ~80% com-
pared to the shear with a horizontal screw for all loads. See
Table 1 and Fig. 3.

Obviously, the absolute elastic and plastic shear between
the medial and lateral fragment was marginal and probably
without clinical relevance. However, with increasing load,
only the motion in the group with the horizontal screw
increased linearly. Hence the difference is more obvious
with increasing load and may be of clinical relevance with
higher loads (i.e., full weight bearing).

Plastic shear between the medial and lateral condyle

A statistically significant difference (p <0.05) in the two
groups was found in plastic shear deformation as well at all
loading steps. Group 1 (horizontal screw) samples showed
larger plastic shear deformation than the ones in group 2
(angulated screw, Fig. 2c). Angulated screws reduced plas-
tic shear by ~115% compared to horizontal screw place-
ment. See Table 1 and Fig. 3.

Elastic deformation at the metaphyseal osteotomy gap

Elastic deformation at the metaphyseal osteotomy gap was
defined as the difference in length between the proximal
joint fractions and the distal diaphysis below the osteotomy
gap (Fig. 2a, b). At all loading steps, the samples with the
proximally angulated screw showed 5.1-6.4% smaller elas-
tic deformation at the lateral and the medial tibial condyle

@ Springer

in relation to the tibial diaphysis (Table 2). However, these
differences were not significant (Table 2; Fig. 3). Hence,
both constructs showed no significant difference in stiffness.

Plastic deformation at the metaphyseal osteotomy gap

Plastic deformation at the metaphyseal osteotomy gap was
defined as the residual difference in length between the
proximal joint fractions and the distal diaphysis below the
osteotomy gap after each loading step (Fig. 2a, b).

The plastic deformation across the metaphyseal gap was
significantly reduced in the group with the angulated screw
compared to the horizontal screw at compression loads
higher than 300 N (Table 2). The differences increased with
increasing axial loads. The most significant difference in
plastic deformation was found at the highest axial load of
400 N [medial condyle (means): 519 um for horizontal
screw, and 336 pm for the angulated screw, difference
35.3%, p = 0.004; lateral condyle: 261 and 159 pum, respec-
tively, difference 38.9%, p = 0.009]. See Table 2 and Fig. 3.

Discussion

High-energy bicondylar proximal tibial fractures with met-
aphyseal extension typically present with an associated
severe soft tissue injury. Extensile approaches and double
plating restore sufficient mechanical stability. However,
extensive dissection can compromise the vulnerable tissue
envelope around the joint as well as the periosteal blood
supply with increased postoperative complications such as
infection and non-union [11, 12]. Lateral locking plates are
an established treatment option in operative management of
proximal tibial plateau fractures [2]. The locking plates
retain reduction better than conventional plates and the
operative approach can be performed less invasively with
percutaneous placement of the screws [11, 13]. However,
Gosling et al. [11] reported a 14% loss of reduction in bic-
ondylar tibial fractures despite unilateral locking fixation.
Improving stability of lateral locking plates remains an
important issue. There are no biomechanical studies inves-
tigating the effects of a triangular support screw to the best
of our knowledge. A polyaxial locking plate was used
which allowed different screw positions. The plastic defor-
mation after loading represents the subsidence of the
medial tibial plateau (Fig. 2c) or the varus collapse (Fig. 2a,
b) at the metaphysis. Hence, plastic deformation should be
as small as possible. A triangular support screw reduced the
subsidence by more than 100% and the varus collapse by
30-40% at 400 N. Furthermore, the effect of this support
screw became more evident as the load was increased. The
current data strongly support the use of a triangular support
screw in all proximal tibial fractures with metaphyseal



Arch Orthop Trauma Surg (2011) 131:815-821

819

Mean elastic shear, at "c¢"

180 horizontal
160 e
angulate
i:g =099, m=04l.
E 80 e
=4
— 60 [ — -
40 4—
20 4+—
0
-20 LU Ul 32U 4l
Force-Step [N]
s Mean elastic deformation, lateral at "a"

horizontal

8 angulated

[um]

250 300 350 400
Force-Step [N]

Mean elastic deformation, medial at "b"

2500
horizontal R¥*=0,99, m=6.1 T
2000 B angulated
1500
£
= 1000
500
0

250 300 350 400
Force-Step[N]

Mean plastic shear, at "c"

60
50

40
30 2=099, m=0.1

horizontal

W angulated

20 ———]
10 +— T

[um]

-10 230 300 350 = —
-20
-30

Force-Step [N]

200 Mean plastic deformation, lateral at "a"

horizontal

600

® angulated
R{=099, m=15
500 J099,m

400

T

[um]

300 —

200 4+—

100 1

250 . 300 . 350 400
Force-Step[N]

Mean plastic deformation, medial at "b"
400

350
300
250
200
150
100 +—

504+—

horizontal

W angulated

A*=099, m=0.8

[um]

250 300 350 400
Force-Step[N]

Fig. 3 Diagrams with mean elastic and plastic deformation as well as shear between the medial and lateral tibial condyles (mean + standard devi-
ation). For the corresponding image, see Fig. 2. R? coefficient of determination, m slope of linear trend line

comminution. It is noteworthy that the elastic deformation
of the construct was no different between the two configura-
tions. Hence, a triangular screw construct did not influence
the stiffness or the fracture motion and should not influence
fracture healing.

Most other studies compared locking plates versus con-
ventional plates or double versus unilateral plating. Mueller
etal. [14] investigated three different methods of plate
fixation in 24 cadaveric bicondylar tibial fractures with
meta-diaphyseal dissociation. They compared a lateral peri-
articular plate with a posteromedial small fragment
dynamic compression plate, a lateral periarticular plate with
a posteromedial 1/3-tubular plate and a lateral fixed-angle
plate (LISS®, Synthes Inc.). Construct stiffness and maxi-
mum load to failure was measured with respect to medial
condylar displacement. No significant difference between
the three constructs was found. In addition, Gosling et al.

[7] investigated the biomechanical stability of 41.C1 frac-
tures in human cadaver tibiae managed with open reduction
and internal fixation using a lateral locking plate (LISS®) in
comparison with a five-hole L-buttress plate laterally and a
four-hole 1/3-tubular plate in antiglide technique medially.
There was no significant difference in vertical subsidence
between the two constructs. Others, however, found supe-
rior results for the double-plating technique [9, 10, 15].
Higgins et al. [10] compared a dual-plate construct (4.5 mm
non-locking proximal tibial plate with a 5-hole 1/3-tubular
plate) to an isolated lateral locking plate (4.5 mm fixed-
angle proximal tibial plate, Synthes Inc.) for a C1-type frac-
ture. Subsidence of the medial and lateral tibia plateaus was
measured as well as maximum load to failure. The dual-
plate fixation showed less vertical subsidence of the medial
fragment than the lateral locking plate. In addition, Egol
et al. [9] found significantly less subsidence of the medial
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Table 2 Elastic and plastic deformation at the metaphyseal osteotomy
gap (mean =+ standard deviation)

Force  Screw type, absolute (um)  Difference p value
step (N)
Horizontal Angulated  Absolute Relative
(pm) (%)
Elastic deformation, medial at “a”
250 2,299 £303 2,171 £ 121 128 5.6 0.287
300 2,843 £325 2,684 £ 150 159 5.6 0.228
350 3,469 £ 400 3,266 &+ 190 203 59 0.215
400 4,147 £495 3,880 £ 260 267 6.4 0.119
Plastic deformation, medial at “a”
250 282+ 130 219+£53 63 22.3 0.225
300 361 £139  255+62 106 29.5 0.068
350 436 £ 135 296 £ 66 140 32.2 0.019*
400 519+ 130 33676 183 353 0.004*
Elastic deformation, lateral at “b”
250 1,140 £ 196 1,082+ 115 58 5.1 0.484
300 1,409 £216 1,341 =150 68 4.9 0.473
350 1,722 £263 1,631 £184 91 53 0.436
400 2,057 £319 1,937 £229 120 5.8 0.403
Plastic deformation lateral at “b”
250 140 £ 75 102 £ 25 38 27.2 0.194
300 179 £ 82 118 £ 31 61 343 0.068
350 218 £ 83 139 £ 37 79 36.2 0.028*
400 261 + 84 159 +46 102 38.9 0.009*

Corresponding image, Fig. 2

* Statistically significant difference

fragment with a dual-plate construct in C1 fractures.
Ratcliff et al. [15] compared fixation of an isolated medial
tibial plateau fracture with a lateral proximal tibial locking
plate (Synthes Inc.) to a medial buttress plate in six
matched pairs of fresh cadaveric tibiae. The medial buttress
plate provided significantly greater stability in static
loading.

However, these studies exhibit some considerable short-
comings. In the studies by Higgins et al. and Ratcliff et al.
[10, 15] no lag screws for the articular fragments were used
in the locking plate construct. Egol et al. [9] used two inde-
pendent 3.5 mm cortical screws above the locking plate. It is
not reported whether these two screws were lag screws or
not. However, the X-ray of their construct shows that the
fracture gap of the medial fragment was not closed, ques-
tioning whether sufficient interfragmentary compression of
the articular fragments was obtained. In the present study, a
polyaxial locking plate was used. The plate allows polyax-
ial screw placement and interfragmentary compression
through the plate. The screws are locked at the end with a
locking cap. Stoffel et al. [16] found improved construct
stability in distal intraarticular femur fractures when
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plate-to-bone compression and locking were combined. It
seems reasonable that interfragmentary compression of the
medial and lateral articular fragment and plate-to-bone
compression might also improve stability in proximal tibial
fractures. This could explain the small amount of plastic
deformation seen in the present study. Furthermore, the
polyaxial plate allows subchondral screw positioning where
generally good bone stock is available [17]. As demon-
strated in human cadaveric MR and micro-CT studies, the
bone is densest in the subchondral area [18] and therefore it
is important to place the proximal screws near the subchon-
dral region of the tibial plateau to gain the best support.

No comparison with the mechanical properties of dual-
plating constructs or non-locking plates was done. Whether
the combination of subchondral screw position, polyaxial-
ity, and interfragmentary compression in combination with
the triangular construct produces sufficient stability in prox-
imal tibial fractures with metaphyseal comminution must
be shown by future biomechanical studies using fresh fro-
zen specimens.

A further limitation of this study is the use of a compos-
ite bone model instead of fresh frozen human cadavers.
Composite bones reflect more the mechanical characteris-
tics of young patients and the results might differ in osteo-
porotic bone. However, complex intraarticular tibial
plateau fractures generally are high-energy traumas occur-
ring more frequently in young patients.

Conclusion

In this study, a triangular support screw through a lateral
locking plate supporting the medial tibial plateau allowed
significantly less subsidence under axial loading compared
to a construct with a horizontal screw. The difference was
apparent not only in the intraarticular extension of the oste-
otomy, but also in the metaphyseal osteotomy gap. Relative
shear between the lateral and the medial tibial condyles was
significantly reduced and there was a decrease in plastic
deformation for the intraarticular as well as the metaphy-
seal fragments. We recommend the use of a triangular con-
struct in proximal bicondylar tibial fractures whenever
possible.
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