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Abstract

condyle fracture.

compression force using a hydraulic press.

PHILOS (LCP 24.4 mm, PHILOS 17.4 mm, p=0.004).

Background The aim of this study is to determine the best plate to use as a substitute to fix a medial femoral

Materials and methods The first part is to measure the best fit between several anatomical plates including the
Proximal Tibia Anterolateral Plate (PT AL LCP), the Proximal Tibia Medial Plate (PT M LCP), the Distal Tibia Medial
Locking Plate (DT M LCP) and the Proximal Humerus (PHILOS) plate against 28 freshly embalmed cadaveric distal
femurs. Measurements such as plate offset and number of screws in the condyle and shaft shall be obtained. The
subsequent part is to determine the compressive force at which the plate fails. After creating an iatrogenic medial
condyle fracture, the cadavers will be fixed with the two plates with the best anatomical fit and subjected to a

Results The PT AL LCP offered the best anatomical fit whereas the PHILOS plate offered the maximal number of
screws inserted. The force required to create 2 mm of fracture displacement between the two is not statistically
significant (LCP 889 N, PHILOS 947 N, p=0.39). The PT AL LCP can withstand a larger fracture displacement than the

Discussion and conclusion Both the PT AL LCP and the PHILOS remain good options in fixing a medial femoral
condyle fracture. Between the two, we would recommend the PT AL LCP as the slightly superior option.
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Background

Despite advances in implant design, distal femoral con-
dyle fractures remain to be a challenging fracture to man-
age; these fractures are often intra-articular, and patients
are easily prone to functional limitations in the setting of
complications. The commonly accepted modes of defini-
tive fixation include a lateral femoral condyle plate or
dual plating (lateral and medial). Though there are sev-
eral commercially available anatomically designed plates
for the lateral femoral condyle, there remains to be no
anatomical plate specifically designed for the medial
femoral condyle [1]. Historically, many other plates have
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been used to substitute a medial femoral condyle plate,
including the proximal tibia LCP or the TomoFix Medial
Distal Femur, but the best plate is yet to be determined
[1-4]. Additional factors compromising fixation include
osteoporosis [5], compromised mechanical stiffness
when using annealed “reconstruction” plates [6] and frac-
ture comminution.

One of the more popular substitutes for a medial femo-
ral condyle plate is to use the anterolateral proximal tibial
plate of the ipsilateral leg placed in a reverse position [3].
Silva et al. recently proposed a more innovative idea by
fixing the medial femoral condyle with a calcaneal plate
[4]. Upadhyay recently published a study where he com-
pared 18 different pre-contoured anatomical plates to
find the plate best fitting the medial femoral condyle [1].
He concluded that the anterolateral proximal tibia plate
and the proximal humerus (PHILOS) plate both have
the best fit along with at least 6 screws inserted with no
notch penetrance. To date, there has been no further evi-
dence on to which plate is superior. The aim of this study
is to determine which is the best plate, defined as the
plate with the best anatomical fit and best biomechanical
stability. Our null hypothesis is that there are no statisti-
cal differences amongst all plates.

Metaphysis
Offset

Distal
Offset

Fig. 1 Parameters measured for determining anatomical fit (AP view)
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Methods

Study design

The study was approved by the institutional review board
of our hospital. Twenty-eight freshly embalmed cadav-
eric distal femurs (14 left distal femurs and 14 right distal
femurs) were used. The age of death ranged from 66 to 98
years old (mean 83.7) and all were female. The soft tissues
were removed.

Anatomical fit

The study was divided into two parts. The first part con-
sisted of measuring the best anatomical fit between
several anatomical plates including the 3.5 mm LCP*
Proximal Tibia Plate (PT AL LCP), the 3.5 mm LCP®
Medial Proximal Tibia Plate (P°T M LCP), the 3.5 mm
LCP° Medial Distal Tibia Plate (DT M LCP) and the
Proximal Humerus Interlocking System (PHILOS) plate
when fixed against the medial side of the distal femur. 28
freshly embalmed cadaveric distal femurs were used (14
left distal femurs and 14 right distal femurs). All plates
were from DePuy Synthes.

Plate fitting assumes that no contouring of the implant
is needed, and the implant should fit well on the surface
of the medial condyle with sufficient distal screw pur-
chase. Here, the primary outcomes were defined by the
amount of metaphysis offset (AP view), the amount of
distal offset (AP view), the distal distance (lateral view),
the number of screws in the Hoffa fragment, the num-
ber of screws in the condyle and the number of screws
penetrating the joint. Figures 1 and 2 depict how we mea-
sured our parameters. The amount of metaphysis offset
is defined as the largest distance between the plate and
the metaphysis. The amount of distal offset was defined
as the largest distance between the distal part of the plate
with the epiphysis. The distal distance is defined as the
distance between the edge of the plate with the edge of
the femoral cortex and the joint line and is measured in
the lateral view. The number of Hoffa screws is defined
as the number of screws being completely buried pos-
terior to a line drawn from the posterior femur cortex.
The number of condyle screws is defined as the number
of screws being completely distal to a line perpendicular
to the posterior femur line at the level of the confluence
between the metaphysis and the femoral condyles offset
of the posterior condyle.

In each primary outcome, we ranked the 4 plates from
first to last. The two plates that were most ranked first
were then used in the second part of the study.

Biomechanical study

The second part of the study was to determine the force
displacement characteristics of the two constructs. A
fracture model consisting of a medial condyle fracture
was created in all 28 specimens. An osteotomy in the
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Fig. 2 Parameters measured for determining anatomical fit (lateral view)

sagittal plane was made from the mid-point between
the articulating condyles to the confluence of the medial
condyle with the metaphysis. The fracture was then ana-
tomically reduced and fixed by one of the two plates cho-
sen from the first part of the study. No contouring was
performed for each plate such that its native best posi-
tion was used for plate placement. Each plate was fixed
with four distal locking screws and three proximal lock-
ing screws. Only fixed angled 3.5 mm locking screws
were used. Compression cortical screws were not used to
ensure no change in plate contouring and to ensure con-
sistency between specimens.

The femurs shafts were then fixed to an epoxy mold,
whereby the medial condyles were axially subjected to
a compression load using the Series 647 MTS Hydrau-
lic Wedge Grip at a constant rate of 2 mm/minute until
an end point of 20 mm (see Fig. 3). The force across the
distal femur was measured at every 0.05 mm intervals to
obtain a force-displacement curve. Any fracture of the
bone before it reached 20 mm was counted as a failure.

For this part of the study, the primary outcome was to
determine the implant that can sustain the highest force
at 2 mm displacement, as the aim of anatomical reduc-
tion is to achieve less than 2 mm articular step. The sec-
ondary outcomes include the first yield point, the second
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Fig. 3 Depicts the set-up of the biomechanical compression test

yield point, the point of catastrophic (ultimate) failure for
each implant, measuring both the displacement and the
force required at these junctures, and the Young’s modu-
lus for each plate. Figure 4 depicts the serial mechanical
compression for each plate.

The first yield point was defined as the point where the
force-displacement graph loses its proportionality. The
second yield point was the second point where the force-
displacement graph loses its proportionality. The point
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Fig. 4 The set-up for mechanical compression test

of catastrophic failure was defined as the point at which
beyond, there would be implant failure with complete
fracture. The mode of failure at yield was noted for every
specimen and described qualitatively.

Statistical analysis

For the first measurement part, a Kruskal Wallis test was
used. For the second mechanical part, a paired T-test
was used to look for any significant difference between
the two plates in terms of forces it could sustain prior
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to failure. All statistical analysis was done with the SPSS
(Statistical Package for the Social Sciences) version 28.

Results

Best anatomical fit

The results of anatomical fit were shown in Table 1.
In terms of the outcomes focused on plate placement
(metaphysis offset, distal offset, and distal distance), the
PT AL LCP is the only plate that ranks top in all three
categories. In terms of the number of screws placed in
the distal femur, the PHILOS plate is the only plate that
ranks top in both screws in the Hoffa fragment and the
medial femoral condyle. However, the PHILOS is also the
only plate that gives rise to screws penetrating the joint
surface.

From the best fit analysis, the PT AL LCP was the plate
with the best anatomical fit, ranking top in 5 categories.
The PHILOS plate came second, ranking top in 3 cate-
gories. The DT M LCP and the PT M LCP were tied for
third, with both plates having only top scores in 2 cate-
gories. Therefore, the PT AL LCP and the PHILOS plate
were chosen for the biomechanical study.

Biomechanical results

The results of the biomechanical tests were shown in
Table 2. With regards to our primary outcome, the force
needed to create 2 mm displacement for the PT AL
LCP was 889 N whilst the force for PHILOS was 947 N
(p=0.39). No specimen failed before 2 mm displace-
ment. For the secondary outcomes, the PT AL LCP
proved superior to the PHILOS in terms of the displace-
ment at catastrophic failure, with the PT AL LCP fail-
ing at 24.4 mm compared with the PHILOS at 17.4 mm
(p=0.004). However, the forces sustained at catastrophic
failure between the two plates were not statistically sig-
nificant (PT AL LCP 3321 N, PHILOS 2815 N; p=0.184).
There were no statistical differences between the two
plates at the first and second yield point and the Young’
modulus (see Appendix 1). The mode of failure at yield
point for all cadavers was a compression fracture of the
medial condyle (see Appendix 2). A force-displacement
graph (Fig. 5) was obtained for each plate.

Discussion

The aim for any distal femur fracture fixation is for an
anatomical reduction of the articular surface followed by
a stable internal fixation [7]. Although the articular sur-
face can be fixed with lag screws, if the fracture extends
to the metaphyseal region, a buttress plate is necessary to
counteract the vertical shear forces. This has brought on
the development of the lateral femoral condyle locking
plate [8]. However, in comminuted distal femur fractures,
there are high rates of varus collapse with implant failure
with using a single lateral plate. This is primarily due to
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Table 1 Outcomes of best fit per plate
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Outcome Place Plate Result pvalue pvalue
(intra-rank) (inter-rank)

Metaphysis offset (mm) 1st PT AL LCP 06 - p<0.001
2nd PTM LCP 3.17 - p=0.004
3rd PHILOS, DT M LCP 5.08,8.09 p=ns. -

Distal offset (mm) st PT AL LCP. PT M LCP, PHILOS 0.0,09,1.1 p=n.s. -
2nd DT M LCP 303 - p=0.001

Distal distance (mm) 1st PT AL LCP 206 - p=0.02
2nd DT M LCP 236 - p=003
3rd PHILOS 26.1 - p=0.02
4th PT M LCP 29.3 - -

Hoffa screws 1st PT AL LCP, PHILOS 2.28,2.41 p=n.s. p<0.001
2nd DT M LCP, PT M LCP 141,1.66 p=ns.

Condyle screws 1st DT M LCP, PHILOS 3.56,3.91 p=ns p<0.001
2nd PT M LCP, PT AL LCP 1.59,1.61 p=n.s.

Joint penetration screws 1st PT AL LCP, DT M LCP, PT M LCP 0 p=ns. -
2nd PHILOS 1.09 - p<0.001

Table 2 Results of the biomechanical results

Letter Outcome PT PHILOS  pvalue
AL
LCP
A Force at 2 mm displacement 889 947 p=039
(N)
B First yield force (N) 1927 2188 p=026
First yield displacement (mm) 5.83  5.79 p=047
C Second yield force (N) 1738 1925 p=031
Second yield displacement 588 537 p=034
(mm)
D Catastrophic failure force (N) 3321 2815 p=0.18
Catastrophic failure displace- 244 175 p=0.004
ment (mm)
E Young's modulus (N/mm?) 476 440 p=037

unopposed force of the adductor magnus over the medial
side [9, 10]. Hence, there has been increasing evidence
for double fixation methods when fixing a comminuted
distal femur fracture [11, 12].

Popular options of double fixation of a comminuted
distal femur fracture include a dual plating construct or
a nail-and-plate construct [13, 14]. Stoffel reviewed mul-
tiple studies in 2022 [15]. Although there was no statisti-
cal analysis, he concluded that both constructs gave high
union rates and satisfactory functional outcomes; choos-
ing which constructs to use relied on balancing the pros
and cons with each other. A dual plating construct gave
more rigidity, but at the cost of soft tissue stripping. On
the other hand, a nail-and-plate construct allowed for
immediate post-operative weightbearing as the retro-
grade intra-medullary nail serves as a load sharing device
but cannot be used in periprosthetic fractures. Another
systematic review in 2021 concluded that dual plating
system led to faster fracture healing rates at the cost of a

longer surgical duration, but no difference in non-union
rates [16].

As there are no commercially available anatomical
plates for the medial condyle, many substitutes have
been used but there has been no consensus to date to
the best available option. Use of a proximal tibia LCP to
fix a medial femoral condyle fracture was first reported
in 2020 [3]. The authors reported good functional (ROM
0-120°) and radiographical outcome after fixation of
a medial femoral condyle fracture (AO classification
33-B2) using a proximal tibia LCP. Another case report
described fixation of a comminuted medial femoral
condyle fracture using a D-shaped calcaneal plate with
a good functional outcome (ROM 0-110°) afterwards
[4]. Another option would be to use the reconstruction
plate. Although there has been no reported literature for
fixation of the medial femoral condyle using the recon-
struction plate, we postulated that contouring of the
reconstruction plate would be needed to fit along the
medial condyle, which would decrease the strength of the
plate.

In our study, we used a straight non-contoured plate to
fix the medial femoral condyle. Hohenberger described
in 2021 a novel technique to fix distal femur fractures by
placing a pre-bent medial helical plate, which would sur-
round the bone spirally up to 180° from medial to lateral
[17]. Biomechanical studies have shown that this medial
helical plate is superior to straight lateral plates in terms
of resistance to varus deformation and higher endurance
to failure in comminuted fractures [18]. Further biome-
chanical studies of the medial helical plate in medial fem-
oral condyle split fractures would be helpful.

In clinical practice, it is not uncommon to encounter
comminuted distal femur fractures with Hoffa fragments
requiring open reduction internal fixation. It is important
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Fig. 5 Shows an example of the force-displacement graph; A represents the force at 2 mm displacement. B represents the first yield point. C represents
the second yield point. D represents catastrophic failure. E represents the Young's modulus

therefore, to choose plates which give us good screw
fixation into the Hoffa fragment. Conventional straight
or reconstruction plates only allows limited number of
screws for the fixation of the Hoffa fragment [19]. On
the other hand, anatomically pre-contoured lateral distal
femur plates are designed for a more anterior placement,
and hence do not provide sufficient fixation for Hoffa
fragments. From our study, both the PT AL LCP and the
PHILOS plate were able to give at least 2 screws into the
Hoffa fragment, and thus should be chosen for fixation of
the Hoffa fragment.

In our biomechanical study, we found no statistical
difference for the force measured at 2 mm displacement
(p=0.39). In both plates, the first yield point came out to
be 1927 N and 2188 N for the PT-AL LCP and the PHI-
LOS plate respectively, which is similar to other biome-
chanical studies regarding the distal femur. El-Zayat et
al. reported failure of 5 out of 7 cadaveric specimens in
his biomechanical distal femur study before 2000 N [20].
Regarding the mode of failure at yield point, all cadavers
failed due to fracturing of the medial condyle. This may
be because the limiting factor is the bone mineral den-
sity, rather than the choice of implant. This suggests that
both plates are suitable for fixation, as the bone gives way
before the plate does, which may explain why the primary

outcome of the study is statistically insignificant. To
make it a fair test, we applied 3 proximal locking screws
and 4 distal locking screws for both the PT AL LCP and
the PHILOS. Even though the PHILOS plate can allow up
to 9 screws to be applied distally, we expect there would
be no difference because the common failure mechanism
is initiated through fracture or subchondral bony collapse
distal to the implant instead of screw hole failure or plate
deformation. (Appendix 1). Also, all cadavers were fixed
using 3.5 mm screws. Although using 4.5 mm screws
would have given an even more stable construct, there
was concern about overcrowding of the screws leading to
interference of the screw trajectory, and our study con-
cluded that a fixation using 3.5 mm screws was stable
enough as the first mode of failure is the subchondral col-
lapse of the femoral condyle.

The PT AL LCP was able to sustain 24 mm of displace-
ment before failure (»p=0.004) versus 17 mm of displace-
ment for the PHILOS. This may be because of the design
of the PT AL LCP being naturally longer in the metaphy-
seal area and thus giving better buttress effect (in our
study, the 10-hole PT AL LCP was used VS the standard
3 shaft hole PHILOS plate). However, this end point rep-
resents unacceptable varus deformity and is already far
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beyond the generally accepted clinically relevant thresh-
old of failure.

In the design of this study, only mechanical aspects
have been considered, whereas in real-life trauma situ-
ations, management of the soft tissue status should take
precedence and one should follow the slogan span-scan-
plan. Traditionally, the quality of the CT images have
been affected by scattering caused by the presence of
the fixator pins. Recent studies have suggested that MRI
scans offer good analysis of the fracture patterns around
the knee despite presence of the fixator pins [21, 22].

This study has a few limitations. Firstly, the cadaveric
specimens were subjected to a single axial compression
load only, whereas the knee is normally subjected to a
multitude of load directions. Secondly, the cadaveric
specimens were embalmed; formaldehyde stiffens the
tissue and may change the biomechanical properties of
the bone. Next, these plates are applied to cadavers with
an isolated medial condyle fracture; we have no biome-
chanical data for comminuted distal femur fractures or
dual plating system. Finally, the variation in BMD in each
cadaver may increase the variation of the results of the
study but a randomized design should have limited this
effect.

Conclusion

While there remains no clear-cut winner as the best
substitute for an anatomically shaped medial femoral
condyle locking plate, our study suggested that specific
locking plates for the medial condyle may not be needed.
Both the commonly used anterolateral proximal tibia
locking compression plate and the proximal humerus
locking plate would be good alternatives. Between the
two, we would recommend the anterolateral proximal
tibia plate as the superior option because of the ability
to put in maximal number of Hoffa screws without any
screws penetrating the articular surface.
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