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Objectives

The incidence of femoral periprosthetic fractures (PPF) is rising. Vancouver type C PPFs
compromise the majority type of fracture associated with high complication rates. The
complexity of Vancouver C-type PPFs lies in the presence of the femoral stem in the
proximal fracture fragment. This study compares the biomechanical performance of four
plate fixation configurations to repair Vancouver type C periprosthetic femur fractures.

Methods

Six large adult 4th generation biomechanical low-density femur Sawbones instrumented
with cemented femoral stems were used to conduct this study. A comminuted
Vancouver-type C PPF was simulated and fixed with a plate. Four proximal fragment
construct configurations were studied with combinations of unicortical screws, bicortical
screws, and cerclage cable fixation. Constructs were loaded in axial compression and
four-point bending, and the stiffness was calculated.

Results

Constructs with bicortical screw fixation had significantly greater stiffness than those
with unicortical screw and cerclage cable fixation in axial and four-point bending loads.
Constructs with cerclage cable and unicortical screw fixation had greater stiffness than
ones with unicortical screw fixation.

Conclusion

Using bicortical screws in the proximal construct of Vancouver type C PPFs increases
construct stiffness in axial and bending loads. Though controversial, using cerclage
cables might have a place for construct augmentation when using only unicortical screws
or a combination of unicortical and bicortical screws.

INTRODUCTION femoral periprosthetic fracture (PPF) complication.!?
Femoral PPFs present challenges to orthopedic surgeons
regarding fixation and management.3 Despite advance-

Approximately 500,000 total hip arthroplasties are per-
ments in current techniques and technology, the incidence

formed annually in the US, where 4.1% end up with a
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Table 1. Proximal construct configuration descriptions

- Location
Condition Hardware (Plate hole number)
A 3 Unicortical Screws 14,16, 18
1 Bicortical Screw 10
3 Unicortical Screws 14,16, 18
B 2 Cerclage Cables 11,15
1 Bicortical Screw 10
C 3 Unicortical Screws 14,16, 18
2 Cerclage Cables 11,15
D 3 Unicortical Screws 14, 16,18

of PPFs is increasing.%> This increase has been attributed
to the aging of the population (increasing life expectancy
and prevalence of senile osteoporosis), the increasing num-
ber of primary and revision hip arthroplasties, and the in-
creasing use of uncemented femoral stems.®7 Currently,
PPF is the most common indication for femoral implant
revision for uncemented femoral stems, the second most
common indication for any revision total hip arthroplasty
(THA), and one of the most common indications for reop-
eration after a revision THA.6:8-10

Surgical management of PPFs is technically demanding,
given the often-poor bone quality, altered anatomy, and the
need to manage both the prosthesis and the fracture.l1,12
PPF treatment primarily focuses on whether the femoral
stem is stable or unstable.!3 With stable stems, treatment
focuses solely on fracture fixation.1314 However, with un-
stable stems, treatment relies on both the revision of the
femoral stem and the fixation of the fracture.!315 Using the
Vancouver classification of PPF types B1 and C encompass
the fractures with a stable femoral stem that require inter-
nal fixation.13

Vancouver type C fractures (distal to a fixed proximal
stem) account for around 10% of all periprosthetic frac-
tures.16:17 They are known to be the most complex to man-
age and are associated with the most complications.!819
Complication rates of up to 55% have been reported follow-
ing surgical fixation of Vancouver type C femoral fractures,
particularly in cases involving non-union, malunion, and
hardware failure.1720-22 Some authors have suggested the
utilization of a proximal, transitional unicortical locking
screw, whereas others advocate for the mere overlapping of
the plate with the intramedullary implant.23.24 Thus, alter-
native fixation hardware, such as cerclage cables and uni-
cortical locking screws, must be used to secure the plate to
the proximal segment of the bone.25

Therefore, this study aims to compare the biomechanical
performance of four plate fixation configurations used to
repair Vancouver type C periprosthetic femur fractures. We
hypothesize that using a bicortical screw in the construct will
have the highest stiffness, and cerclage cables will not have
an effect when bicortical screws are utilized. The clinical and
biomechanical relevance of this study lies in the fact that
the optimal solution remains elusive for this injury pattern.

METHODS
CONSTRUCT CONFIGURATION

Six large adult 4th generation biomechanical low-density
femur Sawbones (Model #3406-5; Vashon Island, WA, USA)
were used to conduct this study. Synthetic femurs were
used as they offer many advantages over human cadaveric
specimens and significantly reduce inter-specimen vari-
ability.26 The femoral head was replaced by a size 9 collared
proximal femur stem hemiarthroplasty prosthesis (Stryker,
Portage, MI, USA) with a unipolar 50 mm head secured
in the model with polymethyl methacrylate (PMMA). To
recreate a comminuted Vancouver type C periprosthetic fe-
mur fracture, a 1 cm gap was created by segmenting the fe-
murs into two below the tip of the femoral stem. A stain-
less steel 18-hole 336 mm plate (316L, Synthes, Monument,
CO, USA) was attached to the distal fragment with three bi-
cortical screws (hole locations 1, 3, 5). The proximal frac-
ture fragment was evaluated with the following four con-
figurations (Table 1): A) Three unicortical screws and 11
bicortical screws; B) 3 unicortical screws, two cerclage ca-
bles, and one bicortical screw; C) 3 unicortical screws with
two cerclage cables; and D) 3 unicortical screws. All unicor-
tical screws were placed in holes 14, 16, and 18. It should be
noted that all specimens were tested under each condition
consecutively, starting with condition A and finishing with
condition D.

MECHANICAL TESTING

To evaluate the mechanical strength of each Vancouver
type C plate fixation configuration [Figure 1], the PPF spec-
imens underwent axial compression and four-point bend-
ing tests to determine axial and flexural construct stiffness.
Each specimen was first loaded in axial compression and
then in 4-point bending, with all experiments conducted
on the same mechanical testing system (Instron 8511, Nor-
wood, MA, USA).

AXTAL COMPRESSION

To simulate a single-leg stance, each specimen was ori-
ented in 15° of adduction in the frontal plane and aligned
vertically in the sagittal plane. Specimens were mounted
distally in a custom-built testing apparatus, where the fe-
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Figure 1. Vancouver type B1 PPF construct used for
mechanical testing.

mur was fixed using PMMA [Figure 2]. Proximally, the
femoral head was inserted into a custom conforming cup
free to rotate inside the cup [Figure 2]. To evaluate con-
struct stiffness, each specimen was subjected to 250, 500,
and 1000 N loads at a load rate of 1.0 mm/s until the
maximum force was obtained.2” Testing for each specimen
started with construct A and finished with construct D.
Each Test was carried out three times so that the stiffness
for each case was the average of the three trials to verify re-
peatability and ascertain accuracy. Stiffness was calculated
as the slope of the force-displacement curve within the lin-
ear elastic region. Although the load levels were low com-
pared to physiological activity, they were chosen to prevent
permanent damage to the specimens, as they were to be
tested multiple times.27

FOUR-POINT BENDING

Following axial compression testing, each femur was
mounted horizontally with the plate facing down in a cus-
tom testing apparatus for four-point bending [Figure 3].
The plate supports were spaced 350mm apart, the loading
pins were 150 mm apart, and they were placed equidistant
from the osteotomy site. A vertical load of 500 N was ap-
plied to the mid-shaft of the femur on each side of the os-
teotomy site at a rate of Imm/s until the maximum load
was reached. Stiffness was calculated as the slope of the
force-displacement curve within the linear elastic region.
This procedure was repeated for constructs A to D on each
specimen, with three trials taken per construct, and the av-
erage value of the three trials was taken as the stiffness.
Similarly, the load was chosen to avoid permanent damage
to the specimens as they were to be tested multiple times.

STATISTICAL ANALYSIS

A descriptive analysis was presented as the mean and stan-
dard deviation for each condition. Shapiro-Wilk test was
used to assess the normality of the data for each condition.
Construct stiffness was compared to understand whether
there was a significant difference between various combi-
nations of screw fixation with or without using cerclage

Figure 3. Four point bending loading configuration.

wire on the overall mechanical stiffness during 4-point
bending or axial loading tests. One-way repeated measure
analysis of variance (ANOVA) with a Greenhouse-Geisser
correction was used to compare the effect of each config-
uration on the stiffness as the outcome of interest. Post-
hoc pairwise comparisons were made and adjusted by the
Tukey multiple comparisons test to find which conditions
were significantly different [Table 2]. Statistical analysis
was performed using GraphPad Prism (version 9.3.1 for
Windows, GraphPad Software, San Diego, CA, USA). Two-
tailed p-values less than 0.05 were considered significant.
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Table 2. One-way repeated measure analysis of variance (ANOVA) with a Greenhouse-Geisser correction and Post
hoc analysis results. P<0.05 is considered statistically significant and colored in red.

One-Way Repeated Measure
ANOVA
F (DFn, DFd)

4 Point Bending F(1.15,5.77) =128

AxialzLS%aﬁing - F(1.84,9.21)=5.64

Axiag;%aﬁi”g' F(2.07,10.3) = 12.7

Axialléggﬂng‘ F(2.01,10.1) = 12.1
RESULTS

Conditions A and B had comparable stiffness values, while
their stiffness was greater when compared to conditions C
and D under axial and bending loads [Figure 4]. One-way
repeated measures ANOVA tests revealed significant differ-
ences in mean stiffness between the two groups during ax-
ial or 4-point bending tests [Table 2]. Conditions A, B, and
C demonstrated considerably higher stiffness during the
4-point bending test than condition D. Furthermore, con-
ditions A and B showed significantly higher stiffness than
condition C [Figure 4a]. During axial testing, condition A
demonstrated significantly higher stiffness than condition
D at 500N and 1,000N loads but not at 250N. Condition B
significantly outperformed condition C in all testing loads
and showed significantly higher stiffness than condition D
at 500N and 1000N forces [Figure 4b-d].

DISCUSSION

This study aimed to identify the most effective fixation con-
struct for complex periprosthetic type C type C fractures
in THA. Specifically, we aimed to determine the fixation

Main Test P Post hoc Tukey's Adjusted P

value test Value
Avs.B 0.466
Avs.C
Avs.D
Bvs.C
Bvs.D
Cvs.D
Avs.B 0.976
Avs.C 0.152
Avs.D 0.103
Bvs.D 0.169
Cvs.D 0.882
Avs.B 0.968
Avs.C 0.086
Avs.D
Bvs.C
Bvs.D
Cvs.D 0.313
Avs.B 0.461
Avs.C 0.141
Avs.D
Bvs.C
Bvs.D
Cvs.D 0.293

technique demonstrating the greatest mechanical strength
when utilizing mono-cortical screws in the proximal seg-
ment, augmented by either bicortical screws, cerclage wire,
or a combination of both. These constructs were selected
based on their relevance in current clinical practice and
their potential to offer enhanced mechanical stability. Our
study demonstrated that adding bi-cortical screws to the
proximal fragment significantly improved the mechanical
strength compared to mono-cortical screws alone or in-
corporating cerclage wire. This finding confirmed our hy-
pothesis that bi-cortical screws provide greater mechanical
strength in such fractures. However, the difference in me-
chanical strength was not statistically significant when a
combination of bi-cortical and mono-cortical screws was
compared with a combination of bi-cortical and mono-cor-
tical screws plus cerclage wire. This study provides insight
into the biomechanical characteristics of different fixation
constructs, which can aid surgeons in making informed de-
cisions for managing complex type C periprosthetic frac-
tures of the femur following total hip arthroplasty.

PPFs present unique challenges for orthopedic surgeons
in terms of management. Limited cortical fixation options,
poor bone quality, cement mantles, stem, and stress risers
are some of the challenging issues that surgeons would
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Figure 4. One-way repeated measure analysis of variance (ANOVA) with a Greenhouse-Geisser correction and
Post hoc analysis results. Error bars represent Standard Error of mean.

consider when encountering PPFs.14 More specifically,
these challenges become more apparent when experiencing
Vancouver type C PPFs, of which the femoral stem is stable
and retained. Plate fixation is the main mode of fixation
used in type C PPFs. Various fixation constructs are avail-
able, including locking plates, bicortical screws, unicortical
locking screws, and cerclage wires and cables. However,
consensus on the optimal proximal construct fixation in
type C PPFs is lacking.

Our study demonstrated that bicortical screws in the
proximal construct of comminuted type C PPFs provide
greater biomechanical stability during axial and bending
loads. A study by Dennis et al.28 focused on elucidating
the biomechanical properties of different plate fixations in
periprosthetic femoral shaft fractures after total hip arthro-
plasty using the type III Cooke fracture pattern (equivalent
to the type C Vancouver fracture used in our study classi-
fication). In contrast to our study, their fixation constructs
did not include bicortical screws in the proximal fragment.

Their results demonstrated that plate constructs with prox-
imal unicortical screws and distal bicortical screws, as well
as those with proximal unicortical screws, proximal cables,
and distal bicortical screws, exhibited significantly higher
stability in axial compression, lateral bending, and tor-
sional loading. Although both studies contribute valuable
insights into the biomechanical behavior of plate fixations,
our study highlights the importance of bicortical screw en-
gagement in the proximal fragment, which may have con-
tributed to the superior biomechanical performance of spe-
cific fixation techniques in our experimental setup.

Stevens et al. compared three wiring techniques for cer-
clage plating in type C periprosthetic fractures using syn-
thetic femurs. The three techniques included simple cer-
clage (single wrap around the bone and plate), double
cerclage, and double cerclage with a plate insert. Through
biomechanical tests, the researchers found that the double
cerclage with plate insert technique outperformed the other
two methods regarding fixation strength and stability.2?
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Schmotzer et al. explored the efficacy of various fixation
techniques using cementless implants in transverse os-
teotomy of cadaveric femurs. The study encompassed six
fixation methods applied to seven cadaveric femurs to sim-
ulate clinical scenarios. Among the fixation techniques as-
sessed, a plate with proximal unicortical screws demon-
strated the most favorable fixation strength until the
pull-out of the proximal screws.30

The study conducted by Lever et al. examined the me-
chanical stability of various fixation techniques utilized for
periprosthetic femoral fractures near the tip of total hip
arthroplasty. A total of twelve pairs of human cadaveric
femurs were utilized in the study, wherein the left femur
of each pair was subjected to the cemented insertion of
the femoral component of a complete hip implant. Type C
femoral fractures were induced in the femurs, followed by
implementing three different fixation methods for later re-
pairs: the Zimmer Cable Ready System, the AO Cable-Plate
System, and the Dall-Miles Cable Grip System. Lever et al.
concluded that screw-plate systems demonstrated superior
mechanical stability compared to cable-plate systems in
cases of periprosthetic femur fractures distal to the tip of
the stem.53!

In the study by Zdero et al., the biomechanical per-
formance of four different fracture fixation constructs was
evaluated using twenty synthetic femora subjected to axial
compression, lateral bending, and torsion tests. They con-
cluded that a combination of nonlocking cable-plate with
an allograft strut, cables, and nonlocking screws exhibited
the highest stiffness for treating a periprosthetic fracture
around a stable femoral component of a total hip replace-
ment compared with locked plate with locked screws,
locked plate with cables and locked screws and nonlocking
cable plate with cables and nonlocked screws.32 The clinical
relevance of these findings suggests that a locked plate
should be used with caution as a stand-alone treatment for
fixing periprosthetic femoral shaft fractures following to-
tal hip arthroplasty. According to Kubiak et al., overlapping
the stem of a total hip implant with a locking compression
plate in Vancouver type C fracture leads to reduced strain
on the construct and increased load to failure compared to
other fixation methods.33

While acknowledging that the biomechanics of the up-
per extremity differ from the lower extremity, Gupta et al.
investigated the impact of adding cerclage wiring to the
bicortical fixation of locking plates. The results demon-
strated that isolated screw constructs, without adding cer-
clage wires, exhibited increased resistance against torsional
movement, bending, and shear compared to constructs with
cerclage wires. Interestingly, the hybrid construct, which
combined both screw and cerclage elements, did not pro-
vide significant changes in stability compared to the iso-
lated screw construct.34 Given the potential risks related
to tissue stripping and nerve damage frequently associated
with using cerclage wiring, it is imperative to exercise cau-
tion when contemplating the application of cerclage wires
in a comparable clinical context.

In a recent study conducted in 2022, Pierret et al. aimed
to compare different fixation methods in synthetic osteo-

porotic femoral shaft fractures. Their investigation cen-
tered around evaluating the mechanical strength of bicor-
tical screw fixation, which is currently considered the
reference standard. Similar to our study, bicortical screw
fixation demonstrated significantly greater mechanical
strength than three of the four mono-cortical screw con-
structs tested.35 However, what sets their study apart is the
use of mono-cortical screw fixation combined with dou-
ble cerclage. Intriguingly, their evaluation found no signifi-
cant difference in mechanical strength compared to bicorti-
cal screw fixation. This finding suggests that mono-cortical
screw fixation with double cerclage may present a viable al-
ternative to bicortical screw fixation, particularly in cases
where an implant in the intramedullary canal precludes bi-
cortical screws.

Lewis et al. showed that bicortical constructs could resist
greater torsional forces than unicortical screws and cer-
clage cables and greater axial loading than cerclage ca-
bles.36 In line with the study by Lewis et al., Hoffmann et
al. showed the construct with bicortical screws only had
the greatest load to failure and stiffness during torsional/
sagittal bending than constructs that had unicortical screws
with cerclage and cerclage alone.3” However, during axial
loads of 500N, the cerclage-only constructs had the highest
stiffness compared to the other groups, and no significant
difference in construct stiffness was reported between the
groups during lateral bending forces.37 In our study, at axial
loads of 500N, the presence of bicortical screws in the prox-
imal construct with unicortical screws and cerclage wires
had a significantly greater stiffness than unicortical screws
with cerclage and unicortical screws only constructs, which
is in line with the study by Lewis et al. However, it is im-
portant to note that in their study, the significant differ-
ence observed during axial loading was in the proximal con-
struct that contained only bicortical screw fixation, which
is different from our study, where there was a combination
of unicortical screws, bicortical screw, and cerclage cables.
In addition, the bicortical screw groups had significantly
greater stiffness during 4-point bending than the unicorti-
cal and cerclage cable groups, in contrast to Hoffmann et
al.'s study, which showed no significant difference among
the fixation groups. The difference in results can be attrib-
uted to the difference in proximal construct configuration,
as Hoffmann et al. only used bicortical fixation screws with-
out combining cerclage cables and unicortical screws. In
addition, the fracture geometry in Hoffmann et al.'s study
was oblique, and the force applied during lateral bending
was applied through the femoral head rather than around
the fracture site, as was done in this study with 4-point
bending.

Cerclage wires or cables have long been used for fracture
fixation in PPFs. Their common use in PPFs originates from
bypassing the need to pass screws through the bone in the
vicinity of the cement or the femoral stem, which can be
challenging.38:39 However, they risk disrupting the blood
supply to the bone when stripping the periosteum to pass
the wire and possibly injuring neurovascular struc-
tures.0-42 Furthermore, their use has been questioned
since their contribution to overall construct stiffness is in-
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conclusive in the literature. Lewis et al. showed that cer-
clage cable-only constructs had significantly lower stiffness
than all other construct groups.3¢ However, Gordon et al.
showed that cerclage cables had significantly higher stiff-
ness than screw fixation during axial loads.2> Due to the
variability of study outcomes, surgeons have shied away
from their sole use and have augmented their proximal
constructs with screw fixation. Thus, our study analyzed
the effect of cerclage wires in combination with unicortical
fixation and bicortical fixation to evaluate its contribution
to the overall construct stiffness. The unicortical-screw-
only construct was shown to have the least amount of con-
struct stiffness compared to the other groups. This was also
confirmed by Graham et al., which showed that proximal
unicortical locking screws alone did not provide enough
stiffness to proximal constructs.*3 However, we saw that
augmentation with cerclage cables increased the construct
stiffness in axial and bending loads but was only significant
during bending loads. Hoffmann et al. showed that com-
bining unicortical screw and cerclage cables had signifi-
cantly greater stiffness than cerclage-only and bicortical-
only constructs after cyclic axial loading.37 Furthermore, a
study conducted by Shah et al. showed that combining uni-
cortical screws and cables had greater stiffness than cables
alone or screws alone.44 Thus, from our study and other
studies in the literature, cerclage cables or wires might have
more impact in combination with unicortical screws rather
than bicortical screws. In addition, they may have a protec-
tive effect on proximal constructs during cyclic loading, as
shown by Hoffmann et al .37

While our study and others have provided valuable in-
sights into the mechanical stiffness and stability of differ-
ent fixation systems for periprosthetic femoral fractures,
it is crucial to emphasize that mechanical stiffness alone
should not be regarded as the exclusive or primary determi-
nant of the clinical success of fracture fixation procedures.
Clinical success in managing periprosthetic femoral frac-
tures involves a multifaceted evaluation beyond mechanical
properties. While mechanical stiffness is essential to fixa-
tion stability, it may not necessarily translate to better clin-
ical outcomes if other factors, such as bone-implant inter-
face biology and the potential for secondary displacement
or nonunion, are not adequately addressed.

There are several limitations associated with this study.
One primary limitation is the small number of samples.
Further research with a larger sample size is necessary to
assess the findings more precisely. Another drawback of
the study is the use of a regular LC-DCP plate instead of
an anatomical cable plate, which has the potential to in-
duce alterations to the obtained results. Most cable plates
are designed as anatomical femoral plates, rendering them
incompatible with type C fractures due to their relatively
short length. Synthetic femur models were used as a substi-

tute for cadaveric bones to avoid natural variability in bone
geometry and quality and to improve equivalence.
Nevertheless, it may not reflect actual bone biomechan-
ics. The effect of fatigue loading was not investigated. Fa-
tigue failure in fixed PPFs occurs approximately after 22
months of fixation.4> Previous studies to replicate fatigue
loading have used fast-tracked timelines. Still, they do not
reflect the influences of healing and callus formation on
the biomechanical properties of the healing PFFs. We could
not accurately simulate all physiologic forces on the femur.
This study’s setting does not represent the effect of soft
tissues such as muscles and ligaments, which may provide
additional stability to the fracture site and alter the bio-
mechanical characteristics. This study aimed to compare
the relative stiffness between constructs instead of an ideal
value for enhancing fracture healing, a trade-off between
construct stiffness and biological factors. Increased stiff-
ness does not equate to an optimum healing situation.

CONCLUSION

In conclusion, using bicortical screws in the proximal con-
struct of Vancouver type C PPFs increases construct stiff-
ness in axial and bending loads. Though controversial, the
use of cerclage cables might have a place for construct aug-
mentation when using only unicortical screws or a combi-
nation of unicortical and bicortical screws, and its effects
might be related to maintaining the longevity of the con-
struct rather than increasing its stiffness during acutely ap-
plied loads.
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