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ORIGINAL ARTICLE
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ABSTRACT

Objective: The aim of the present study was to determine whether the
side of application of the plate itself affects the mechanical stability of
the fixation. The specific question addressed is whether or not a lateral
or medial plate application is biomechanically better, for the treatment of
distal diaphysis fractures of the femur. Methods: Stability and stiffness of
medial sided plating relative to the conventional lateral sided plating in
distal diaphysis of the femur were measured by analyzing axial loading
forces leading to implant failure. Sixty synthetic femurs were tested
in physiological bending, to calculate the yield and ultimate load to
displacement following fixation of distal diaphysis fractures of the femur
by either medial or lateral sided plating. Axial loading was applied to
samples using a uniaxial testing machine. Results: There was more
implant deformation in the lateral sided plating group — a difference with
statistical significance. Conclusion: Medial sided plating was found to be
as stiff as lateral plating. Medial plating may be a reasonable treatment
option that can be used safely in selected cases. Level of Evidence |,
Therapeutic Studies Investigating the Results of Treatment
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RESUMO

Objetivo: O objetivo deste estudo foi determinar se o lado de aplicagdo
da placa em si afeta a estabilidade mecénica da fixagdo. A questdo
especifica abordada é se a aplicagdo da placa lateral ou medial é
melhor ou ndo em termos biomecéanicos para o tratamento das fraturas
da diafise distal do fémur. Métodos: A estabilidade e a rigidez da placa
medial com relag&o a lateral, convencional na diafise distal do fémur,
foram medidas pela analise das forgas de carga axial que levam a falha
do implante. Sessenta fémures sintéticos foram testados em flexao
fisioldgica, para calcular a tolerancia e a carga final para o deslocamento
apos a fixagao das fraturas diafisarias distais do fémur com placa medial
ou lateral. A carga axial foi aplicada as amostras usando maquina de
teste uniaxial. Resultados: Verificou-se maior deformagao do implante
no grupo de placa lateral — diferenga com significancia estatistica.
Concluséo: Constatou-se que a placa medial era tao rigida quanto a
lateral. A placa medial pode ser uma opgé&o de tratamento razoavel
e segura em casos selecionados. Nivel de evidéncia I, Estudos
terapéuticos - Investigagao dos resultados do tratamento.

Descritores: Fraturas do fémur. Placas dsseas. Estresse mecanico.
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INTRODUCTION

The standard treatment for femoral shaft fractures is intramedullary
nailing.! However, a plate osteosynthesis is particularly advantageous
in certain situations. Patients with fractures of the proximal or distal
shaft,?® an excessively narrow intramedullary canal,*® polytrauma pa-
tients® and those with vascular injury associated with femoral fractures’
constitute the spectrum of the indications for plate osteosynthesis.

From previous investigations, it is known that the tension side of
the femur, which is the lateral side, transfers to the anterior side
at the distal part.2® Also, the compression side of the femur is the
medial aspect proximally, whereas it is the dorsal aspect distally.
Based on this information we hypothesized that a plate applied to
the lateral or medial side of the femur in distal diaphyseal femoral
fractures acts as a compression device. Therefore, we expected

similar biomechanical results when the plate was applied either
medially or laterally in distal femoral diaphyseal fractures.

To our knowledge, there is no previous study that compares the
stability of medial versus lateral femoral plating.

The purpose of this study was to compare the biomechanical
behaviors of medial and lateral sided plating in synthetic femurs
with fractured distal diaphysis, by analyzing axial loading forces
leading to implant failure.

MATERIALS AND METHODS

Sixty left synthetic composite femurs (Anatomiturk, Kayseri, Turkey)
were usedto eliminate variations in geometry and mechanical properties
such as bone density. The composite femurs were 420 mm
in length from the tip of the greater trochanter to the lateral femoral
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condyle, and 30 mm in diameter at the mid-diaphysis. The femur
was divided into three parts, the proximal femur, diaphysis and
distal femur. These parts were delineated as the proximal femur,
ending at the distal part of the lesser trochanter, the middle — from
this point to the distal metaphysis - and the distal femur, including
the distal metaphysis and epiphysis. The diaphysis was further
divided into proximal, mid-diaphysis and distal diaphysis. Fracture
was created in 30 samples, at the junctional area between the
diaphysis and distal metaphysis, 150 mm (36%) proximal from
the distal joint surface. Fractures were also created in a further 30
samples, just inside the distal 1/3 portion of the diaphysis, 180 mm
(43%) proximal from the distal joint surface. Thus, the models were
categorized into four groups according to their osteotomy levels
and fixation methods. Group 1 had an osteotomy 150 mm from
the distal joint surface that was stabilized by medial sided plating
(M-15, n=15); Group 2, 180 mm osteotomy level - medial sided
plating (M-18, n=15); Group 3, 150 mm osteotomy level - lateral
sided plating (L-15, n=15) and Group 4, had 180 mm osteotomy
level - lateral side plating (L-18, n=15).

4.5 mm low-contoured broad locked dynamic compression plates
with 8 holes were bent so that they fit the femoral curve during plate
application. The plates were first provisionally applied to the lateral
or medial surface of the femur, to dictate the screw position. Screw
holes were prepared by drilling centrally through the oval holes of
the plate. The plate was then placed either on the medial or lateral
side, in neutral mode. After drilling the screw holes, 4.5 mm tapping
was done to facilitate insertion of the screws. Eight cortices were
screwed by 4.5 mm non-locking cortical screws on each side of the
simulated fracture. Each model was then anatomically positioned
on the uniaxial testing machine (Shimadzu Autograph AG-X, 2007,
Kyoto, Japan) to accept load along their mechanical axes (Figure 1).
To secure the distal femur, 8 pointed screws were inserted with a
jig, into the femoral condyles. The femoral head was also stabilized
by a bolt pin to the spherical connection adaptor (Figure 2). After
calibrating the testing machine, which was repeated before each
test, static tests were performed in compression mode of 10 kN
load capacity (Shimadzu AG-X tensile test machine) according
to the ASTM D695'° testing standard, with a crosshead velocity
of 5 mm/min. Fifteen synthetic femur specimens for each case
were tested. The femurs were loaded progressively at a speed of
5 mm/min until the occurrence of a subsequent fracture. During
the tests, load-displacement (deformation) curves (Figure 3) were
recorded online using the Trapexium X software, and analyzed for
the following structural bone properties: yield load (the force causing
the first bone damage visible in the load displacement curve, the
force at which the load displacement curve broke from linearity),
ultimate load (the force causing bone fracture), displacement at
yield (defined as the amount of bone deformation at the yield point),
and displacement at fracture (deformation at the fracture point).
According to the producer, the measurement error of the method
was +1% of the recorded value. Testing after each experimental
period was performed on the same day, by the same operator.
The level of the subsequent fracture was determined by the distance
from the upper end of the greater trochanter to the fracture line
on the lateral cortex. The first 60 mm from the upper end of the
greater trochanter was defined as the proximal part of the femur.
Thus, the following 258 mm femoral diaphysis was divided equally
into proximal, mid and distal diaphyseal parts (Figure 4). Some
models showed two fracture lines. According to the level and
number of subsequent fracture, six groups of subsequent fractures
were observed. Implant deformation was also evaluated for plastic
deformation of the plate, by inspecting each model.

The configuration of subsequent fracture was separated into four groups,
based onthe fracture line. A transverse fracture line originating from the

Figure 1. The experimental setup with one specimen is shown. The spec-
imen is positioned anatomically on the uniaxial testing machine.
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Figure 2. Stabilization of the models by securing the distal femur to the
spherical connection adaptor with 8 pointed screws and the femoral head
by a bolt pin.
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Figure 3. Symbolic load-displacement curve of a synthetic femur specimen.
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lateral cortex that had a reverse oblique pattern on the medial cortex
was placed in Group A. Group B consisted of a transverse fractures
originating from the lateral cortex that had an oblique pattern on the
medial cortex; Group C consisted of transverse fractures originating from
the medial cortex that had a reverse oblique pattern on the lateral cortex.
Group D had a fracture line related to a screw entry point (Figure 5).

Statistical Methods

The normality of distribution of the parametric data was checked
using the Kolmogorov-Smirnov test. The distribution was accepted
as parametric if the results of the Kolmogorov-Smirnov test were not
significant. The results for yield and ultimate load to displacement,
and comparisons of the subsequent fracture levels between 15

Figure 4. Level of the subsequent fracture. Femoral diaphysis was divided
equally into proximal, mid and distal diaphyseal parts.

)\, Proximal diaphyseal part

\Mid-diaphyseal part

\ Distal diaphyseal part

Figure 5. Types of subsequent fractures. A. Transverse fracture line origi-
nating from the lateral cortex had a reverse oblique pattern on the medial
cortex. B. Transverse fracture originating from the lateral cortex had an
oblique pattern on the medial cortex. C. Transverse fracture originating
from the medial cortex had a reverse oblique pattern on the lateral cortex.
D. Fracture line related to a screw entry point.
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and 18 cm osteotomy groups, were subjected to the t test. Multiple
pairwise comparisons were performed by the Mann- Whitney U test.
The number of subsequent fracture and implant deformations was
analyzed by the Chi-Square test. Kruskal-Wallis one-way analysis
of variance was used to measure statistical differences between
modalities, and P values < 0.05 were considered significant.

RESULTS

Fifty-three synthetic composite femurs were available for the current
study. Of the sixty models, two models with inexact osteotomy levels
and five models with improper data acquisition during testing were
excluded from the study.

As the experiment progressed and stiffness increased, the synthetic
femurs began to break at different sides in different models.

Stability and Stiffness

In all the specimens, it was noted that there was a significant differ-
ence inyield displacement values between medial sided plating and
the conventional lateral sided plating in the distal diaphysis of the
femur specimens (Figure 6). The yield displacement values of M15,
M18, L15 and 18 were 13.79 mm, 14.92 mm, 10.75 mm and 10.18
mm, respectively. The ultimate load values of M15, M18, L15 and 18
were 2826.59 N, 2556.61 N, 2456.41 N and 2326.1 N, respectively.
The ultimate load values of the medial sided plating specimens at
osteotomy levels 15 and 18 were higher than those of the lateral
sided plating specimens (Table 1). Yield (P'®=0.409, P'®=0.427)
and ultimate loads to displacement (P'°=0.357, P'8=0.701) values
were not statistically significantly different between groups.
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Figure 6. Load-displacement curves according to four different types of
fixation and osteotomy levels.

Table 1. Values for mean yield load, ultimate load and displacement at
fracture according to the type of fixation and osteotomy levels.

Group Number of | Mean Standard Standard
specimen | values | deviation (+) | deviation (+)

M15 2333.58 65 60

) L15 1627.32 80 70
Yieldload (N) ™15 15 1978.45 45 45
L18 1778.31 55 70

M15 2826.59 85 90

Ultimate L15 15 2456.41 70 75
load (N) M18 2556.61 80 65
L18 2326.1 60 55

M15 21.40 0.25 0.5

Displacement L15 15 24.80 0.3 0.6
at fracture M18 24.45 04 0.3

L18 60.2 0.9 0.85
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Features of Subsequent Fracture

The samples demonstrated at least one subsequent fracture. Sub-
sequent fractures mostly occurred at the proximal femoral region. A
single subsequent fracture was seen in 41 samples (77.3%), while 12
samples (22.7%) showed two subsequent fractures. The second frac-
ture was always at the first or eighth screw hole (91.7%). In the models
with two subsequent fractures, the mean distance from the greater
trochanter to the first fracture line was 164.6 mm, while the distance
to the second fracture line was 289.5. Subsequent fractures seen in
lateral sided plating (L15 and L-18) group demonstrated a predilection
for the proximal femur. In the group of medial sided plating (M-15 and
M-18), subsequent fractures mostly occurred in the mid-diaphyseal
region (Table 2). There were no statistically significant differences in
terms of the number and location of subsequent fractures.

For the subsequent fractures, a transverse fracture line originating from
the lateral cortex that had a reverse oblique pattern on the medial cortex
was the most frequent fracture configuration (58.5%). This was followed
by a transverse fracture originating from lateral cortex with an oblique
pattern on the medial cortex (13.2%); a transverse fracture originating
from the medial cortex with a reverse oblique pattern on the lateral
cortex (1.9%), and a fracture line at a screw hole (26.4%), respectively.

Implant Deformation

Of the 53 synthetic femurs, plastic deformation of the plate was seen
in 21 samples (39.6%) after accomplishing axial loading. Surprisingly,
these deformed implants, with the exception of one at the 18 cm
osteotomy, all belonged to lateral sided plating group (Figure 7).
The implant deformation rate was 71.4% in the L15 group, and 76.9%
in the L18 group (Table 3). There was more implant deformation in
lateral sided plating group, with statistical significance (P<0.0007).

Table 2. Subsequent fracture location. Lateral sided plating group has a
predilection for the proximal femur. In the group of medial sided plating,
subsequent fractures mostly occurred in the mid-diaphyseal region.

. Standard Fracture
Group Sample size Mean (mm) deviation location
M15 13 211.69 111.70 Mid-diaphyseal
L15 14 142.00 70.31 Proximal
diaphyseal
M18 13 169.69 70.56 Mid-diaphyseal
L18 13 126.23 26.24 Proximal
diaphyseal
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Figure 7. Implant deformation in the lateral sided plating group. B. Excellent
plate contour in the medial sided plating group.

Table 3. Implant deformation according to the groups. All deformed
implants, except for one belong to lateral sided plating group.

. Implant deformation Implant
Group Sample size :
+ deformation
M15 13 13 0 0%
L15 14 4 10 71.4%
M18 13 12 1 7.7%
L18 13 3 10 76.9%
DISCUSSION

For fractures of the femoral diaphysis, from the lesser trochanter
to 10 cm proximal to the knee joint, locked intramedullary nailing is
the standard treatment modality. However, a plate osteosynthesis
is particularly advantageous in certain situations. Patients with an
excessively narrow intramedullary canal,*® polytrauma patients,®
and those with vascular injury associated with the femoral fractures’
constitute good indications for plate osteosynthesis.
Orthopaedic surgeons tend to attach a lateral plate in almost all
cases, due to the simplicity of the procedure, and better preser-
vation of the muscles, nerves and vascularization. Medial sided
femoral plating has been reported less frequently for the clinical
management of lower limb deformities after correction osteoto-
mies.""'® Despite its occasional use, no clinical and mechanical
information on this technique in the trauma setting has been
reported. From a mechanical standpoint, our results showed no
significant difference between lateral and medial sided plating
by means of axial loading.

Superficial femoral vessels are injured with greater frequency
than common femoral vessels in femoral fractures.'® In the setting
of femoral fractures associated with vessel injury, the vessels
should be explored via a posteromedial approach to the femur.
A posteromedial approach allows medial plating to the distal
femur diaphyseal fracture. Therefore, fractures located in the
distal diaphyseal region were used for the study.

The loading model described by Koch is used to investigate the
biomechanical behavior of the femur models."” Koch carried out
a detailed analysis of a femur without muscles and soft tissues
to show that the lateral side of the femur was in tension and the
medial side was in compression. An analysis of Koch’s model
by Fetto et al.'® revealed that the tensile load on the lateral side
changed to a compressive load when the actions of the iliotibial
band and vastus lateralis- gluteus complex were included. It was
the contribution of Pauwels'® that introduced the tension band
principle, which states that tensile forces on the convex side of a
curved tube can be converted to compressive forces by applying
an implant to the convex side of the tube. The tension band prin-
ciple works when there is anatomic apposition of cortices on the
opposite side of application of plate. It does not apply when there
is comminution on the opposite cortex or in comminuted fractures.
Ascenzi et al.?’ had demonstrated the different collagen orientation
within the femoral diaphysis as to the aspect of compression
and tension. This principle was strongly propagated by AO. They
offered the typical application of this principle by fixing a plate to
the femur on the lateral side of the diaphysis.?! However, Cordey
et al. speculated that the tension side of the femur, which is at
the lateral aspect, particularly at the proximal part, turns around
the anterior aspect distally. The compression side of the femur
also turns from the medial to the posterior aspect distally.8° This
means that when a plate is fixed to the lateral aspect of the distal
femur, this plate may not be applied according to the tension
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band principle. A plate that is fixed to the lateral or medial side
of the distal femur may act as a compression device, due to the
rotation of the axis, in order to produce tension at the anterior
aspect and compression at the posterior aspect within the distal
diaphysis of the femur.

Cordey et al.® evaluated the strain within the diaphysis during axial
loading. They also measured high bending forces and stresses in
the diaphysis, when the tension band effect of the iliotibial tract
has been neglected. High bending forces were explained by
the higher bending moment in the frontal plane. Because effect
of the soft tissues on stability and stiffness was not taken into
account, subsequent fractures mostly occurred at the proximal
femoral region in the lateral sided plating group. The lack of
muscle attachments will probably have a dramatic effect on the
secondary fracture pattern.

The plates applied to the lateral side of the femur have more stress,
as the bending moment experienced by the plate is directly related
to the force of application and the distance of the implant from the
force of application. The line of application of the weight-bearing
force is approximately 1 to 2 cm distant from the force of appli-
cation with plate fixation of the femur. Stress applied to the femur
passes directly up the femoral shaft and bypasses the femur by
means of absorption of stress through the distal screws into the
plate, and back into the femur through the proximal screws.??
The placement of the plate relative to the loading direction will
determine the proportion of the load supported by the plate.
By medializing the plate fixation, some of the load supported
by the plate will be shared by bone fragments (Figure 8). Thus,
lateral sided plates were the only ones that experienced plastic
deformation. This is because the loading path was more medial,
meaning that the lateral plates were subjected to bending that
the medial plates were spared.

The variability of cadaveric specimens has always been a problem,
requiring enormous sample sizes to obtain satisfactorily significant
results. For this reason, synthetic femurs were chosen for this study.
Synthetic femurs have a standardized geometry, very small speci-
men to specimen variability, and material behavior approximating
that of bone.?? Schoenfeld et al. looked at the pullout strength and
load to failure properties of self-tapping cortical screws in synthetic
and cadaveric environments representing healthy and osteoporotic
bone, and found that although the trends may be similar, screw
performance in the synthetic models was markedly different from
that in cadavers.?* As distal diaphyseal femoral fractures are mostly
seen in young adults, due to high energy related traumas, part
of the experiment was to represent bone quality by the synthetic
composite femurs. Therefore, we used a thoroughly validated model
of human femur to remove these undesirable characteristics seen
in cadaveric specimens.
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Figure 8. Diagrammatic representation of load sparing in femoral diaphy-
seal fractures. A. Medial femoral plating. By medializing the plate fixation,
some of the load supported by the plate is shared by bone fragments.
B. Intramedullary nailing. C. Traditional lateral femoral plating.

In a situation of a vascular injury, the first step is to shunt the limb,
followed by rapid external fixation, then vascular repair, immedi-
ately followed by the definitive fixation, provided the patient is well
enough. A midlateral approach is traditionally used for femoral
fractures in which plates and screws are used for the fixation. In
such cases, especially with a vascular injury, this procedure requires
two separate incisions; a medial approach for the vascular repair,
and a lateral approach for the fracture treatment. The soft tissue
disruption associated either with open reduction and internal fixation,
or with external fixation, may be reduced by using a single medial
approach that allows bone stabilization under direct visualization
of the repaired vessels.

In the current study, medial sided plating constructs were compara-
ble in stiffness to the conventional lateral sided plating constructs.
In selective cases, medial plating may be a reasonable treatment
option that can be used safely.

In this study, only the primary fixation strength in a composite
femur model was tested by axial loading. Torsional testing could
also have been tested. It is also unknown how the results of this
study translate to actual bone healing rates, loss of correction,
and clinical outcome. As a limitation of our study, the failure
of fixation rarely occurs with one-time high level loading. It
would have been more appropriate to perform the testing in
cyclic loading.
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