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Abstract

AIM: To develop new fixation techniques for the treat-
ment of periprosthetic fractures using intraprosthetic
screw fixation with inserted threaded liners.

METHODS: A Vancouver B1 periprosthetic fracture was
simulated in femur prosthesis constructs using saw-
bones and cemented regular straight hip stems. Fixation
was then performed with either unicortical locked-screw
plating using the less invasive stabilization system-plate
or with intraprosthetic screw fixation using inserted lin-
ers. Two experimental groups were formed using either
prostheses made of titanium alloy or prostheses made
of cobalt chrome alloy. Fixation stability was compared
in an axial load-to-failure model. Drilling was performed
using a specially invented prosthesis drill with constantly
applied internal cooling.

RESULTS: The intraprosthetic fixation model with tita-
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nium prostheses was superior to the unicortical locked-
screw fixation in all tested devices. The intraprosthetic
fixation model required 10 456 N = 1892 N for failure
and the unicortical locked-screw plating required 7649
N £ 653 N (P < 0.05). There was no significant differ-
ence between the second experimental group and the
control group.

CONCLUSION: Intraprosthetic screw anchorage with
special threaded liners enhances the primary stability in
treating periprosthetic fractures by internal fixation.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

The number of implanted hip prosthesis is still increasing
all over the world". This increase and the growth in life
expectancy will higher the incidence of periprosthetic frac-
tures™”. Today, the risk of a periprosthetic fracture is about
0.3-2.0 percent in the first years after implantation””.
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Operative treatment is the first choice and non-oper-
ative treatment is reserved only for special situations. The
best method of operative treatment is still controversial
and depends on different factors”. The Vancouver-clas-
sification is very useful in choosing the right treatment of
these fractures. No doubt, fractures with unstable stems
B2)"" should be treated by revision arthroplasty'> ",
Fractures with a stable stem can be treated by osteosyn-
thesis. However, the best way of stabilization is still con-
troversial. Plate fixation""*', cerclages™ ™!
520 are described in the literature. Several

, and even ex-
ternal fixation
studies have emphasized the advantage of locking screws.
But the screw anchorage in the proximal fragment might
be limited due to a mismatch between a big stem and thin
cortical shell.

The strongest part in the proximal part is the prosthe-
sis itself. Thus, the idea of an intraprosthetic screw fixa-
tion arises to enhance stability in the proximal part. The
presented biomechanical study compares the stability of
intraprosthetic screw fixation using glued liners inserted
in either hip prostheses made of titanium alloy or cobalt
chrome prostheses and locked plating in a simulated frac-
ture model (Vancouver B1). We hypothesized significant
higher fixation strength to axial loading in the intrapros-
thetic fixation groups.

MATERIALS AND METHODS

Drill-machine

The developing process of the intraprosthetic drill-
machine has already been part of another publicationm
High-performance cutting (HPC)-drills wete used in this
study that are strong and stable enough to provide opti-
mal intraprosthetic drilling and connectivity to commonly
used manual drilling machines in trauma surgery. Tem-
perature control to tissue preserving levels during the
drilling process was performed with the use of a custom
made constantly applied internal cooling solution with a
special transportation channel for removing the produced
chips. The used liners were thread cut before inserting
into prosthesis. To achieve optimal screw fitting thread
cutting was performed using a regular thread cutter. They
were then glued into the borehole after drilling the pros-
thesis using regularly used fibrin glue.

Specimen preparation

A total of twelve synthetic femurs (Sawbone Composite
medium third generation, Pacific Research Labs Vashon
Island, Washington, United States) were used instead
of donor bones because of their availability and their
equal shape and mechanical characteristics. A conventional
straight stem prosthesis (Ecofit, Fa. Implantcast, Buxte-
hude, Germany) was implanted in each femur using bone
cement for implantation to provide equal primary stabil-
ity of the stems among all femurs. Titanium stems were
used in eight femurs; prostheses made from chrome-
molybdenum were implanted in four femurs.
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Figure 1 X-ray shots of unicortical and intraprosthetic screw anchorage.
The figure shows the different fixation techniques evaluated in this study. Com-
monly used unicortical screw fixation with only a short anchoring distance and
experimental intraprosthetic fixation with superior primary fixation stability.

The femurs were osteotomized 15 mm below the tip
of the stem to create a Vancouver type C periprosthetic
fracture. The screw fixation in the proximal part of the
femur was our point of interest. The distal femur was
abandoned and not involved in the study. We chose a
commercial titanium locking plate (9-hole Less Inva-
sive Stabilization System, Synthes, West Chester, United
States) for the fixation. This locking plate is recom-
mended for periprosthetic fractures of the femur and
was tested in different studies'”***. Specially designed
periprosthetic screws (@ 4 and 5 mm Periprosthetic Lock-
ing Screws, Synthes, West Chester, United States) are
available to increase the number of threads within the
unicortical fixation.

The company provided us with screw blanks, which
had the threaded locking head but a non-manufactured
shaft. We customised threads that fitted to the threads of
the liners within the prosthesis.

In the control group the locking plate was fixed with
three unicortical locking screws implanted at the level of
the prosthesis made from titanium alloy and one solid
bicortical locking screw below the tip of the cemented
stem (Figure 1).

In the experimental group with implanted titanium
prostheses the locking plate was fixed with the same
bicortical screw configuration beneath the tip of the
prosthesis. At the level of the prosthesis only two intrap-
rosthetic screws were implanted instead of the three uni-
cortical screws (Figure 1). After drilling two holes at the
level of the prosthesis (insertion depth 10 mm), the liners
were inserted using fibrin glue. The internal thread was
made for the reception of 4 mm locking screws. Due to
the insertion of the screw the liners spread and clamped
the bore channel. In the third group with cobalt chrome
prostheses the fixation technique was similar to the one
described in the first expetimental group. The screws were
inserted with the commercial torque wrench.

The distal plate end was fixed in a specially designed
cup with locking screws to provide maximum stability
during testing (Figure 2). An insertion angle of 6 degrees
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Figure 2 lllustration of testing
model for axial load. The regular
straight stem prosthesis was im-
planted into sawbones using bone
cement. A Vancouver B1 fracture was
then simulated and the construct was
mounted on a testing device using a
custom made angular stable fixation.
Constantly increasing axial loading
was then performed.

valgus was chosen following the mechanical axis of the
femur of the leg,

Mechanical testing

Tests were performed with the prepared specimens
mounted in a universal testing machine using a custom
made locking screw device for the less invasive stabiliza-
tion system (LISS)-plate fixation (Zwick Z250, Zwick,
Ulm, Germany) (Figure 2). A standard commercially
available metal head (32 mm) was placed at the top of the
implanted prosthesis. A constantly increasing load was
applied to the metal head in the anatomical axis of the fe-
mur with a starting force of 0 nm. The applied force was
continuously measured and recorded. Reversible (elas-
tic) and irreversible (plastic) deformation was expected.
Elastic during the continuously load increase and plastic
at the primary endpoint with either plastic deformity of
the LISS plate or an irreversible loss of integrity of the
whole locking plate fixation with avulsion of the locking
screws.

Statistical analysis

The loads to failute values were evaluated using a student’s
test. The following null-hypothesis was set: Equality of
all tested fixation techniques regarding maximum axial
load forces and failure of the locking screws. A value of
P < 0.05 was chosen.

RESULT

The intraprosthetic group with straight stems made of
titanium and inserted threaded liners failed at an average
of 10456 N £ 1892 N, the group with cobalt chrome
stems and liners failed at an average of 9781 N * 2323
N. The control group failed at an average of 7649 N *
653 N. There was a significant difference found between
the control group and the experimental group with liners
and hip stems made of titanium alloy (P < 0.05). There
was no significant difference between the control group
and the other experimental group with the cobalt chrome
stems (P > 0.05).

All drillings were successfully done without any prob-
lems in tapping, insertion or locking, No hardware failure
occurred during implantation. In all tested devices in the
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control group a loss of fixation integrity at the level of
the implanted prosthesis was observed. A total blow out
of all unicortical screws was seen in 3 of 4 tested devices
in this group.

There was no such hardware failure in the first experi-
mental group; increase of axial loading lead to a bowing
in the plate device in these cases rather than to a blow out
of the liner-screw construct at the level of the prostheses.
Differently, in the second experimental group with the co-
balt chrome prostheses a loss of integrity at implant level
was observed in two constructs at maximum axial loading,

DISCUSSION

This study was performed to compare different fixa-
tion techniques for the treatment of Vancouver type Bl
periprosthetic fractures of the proximal femur. The most
important finding of our study was that intraprosthetic
screw fixation provided significantly higher failure loads
compared to unicortical locked-screw plating in the ti-
tanium alloy fixation group. There were no significant
differences between the control group and the second
experimental group using cobalt chrome stems. Reasons
for the different axial loads between the two expetimental
groups are plausibly caused by the differences between
the materials used. Both, drilling the channel and insert-
ing the liner with its clip function do work better in hip
stems made of titanium alloy. Those implants are casier
to process, drilling is easier to control and to perform,
and caused by the lower level of stiffness and rigidity glu-
ing and clipping the liner is more stable.

Intraprosthetic fixation leads to a significant increase
in primary stability without weakening the implant-
cement-femur-model that could lead to an eatly weight-
bearing patient mobilization. Furthermore, we observed
high standard deviations in both experimental groups
compared to the control group. This seems to be caused
by different positioning of the intraprosthetic screw.
Although drilled with the use of fluoroscopy, there were
still different results in screw fitting distance. This could
explain the high standard deviation. Additionally, it shows
the superiority of the intraprosthetic construct with
reaching higher loading forces even with eccentric drilling
and a reduced intraprosthetic screw fitting distance.

Limitations of the presented experimental biome-
chanical testing are the small number of cases in each
group. Because of the study design and the comparability
between both groups the number of cases seems to be
large enough to produce useful results. The use of identi-

cal synthetic composites secures a high level of compa-
rability between both groups. Additionally, compared to
the thinner cortical strength of older osteoporotic bone
the thicker cortical strength with the composite femurs
is likely to be an advantage for the control group. Fur-
thermore, the use of cement favors the control group
by increasing the anchoring screws. With these tests the
focus was only on the proximal fixation as weak point of
locking screw fixation.
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This new idea of intraprosthetic fixation in the treat-
ment of periprosthetic fractures has not been published
before. Presently, a variety of different operative treat-
ments exist depending on the fracture location and stabil-
ity of the stem"”. Comparable extension forces have not
been published before.

Dennis ¢ @/ presented a biomechanical review of
five different fixation techniques. In axial loading tests
plate constructs with proximal unicortical screws and dis-
tal bicortical screws wetre more stable than constructs with
cables or plates and cables. In axial compression displace-
ment in the most stable groups started at a maximum
compression load of 4977 N. Other authors described
satisfactory results with the use of simple conventional
plating™", angular stable internal fixation"” or indirect re-
duction without grafting“g’zoj.

HEspecially with thinner, osteoporotic bone stock, in-
traprosthetic fixation could lead to an increase in primary
stability. This technique might be even more superior in
very osteoporotic femurs with a very small cortical shell.
During testing even eccentric drilled screws in the pros-
thetic stem achieved significantly higher primary stability
than the control group. A weakening of the implanted
prosthesis actually appears implausible but not impos-
sible. A main problem with intraprosthetic drilling might
be the control of the heat development during drilling
procedure and the transportation of the metal chips.
With the use of custom-made continuously internally
cooled HPC-drills with a special transportation channel,
these problems might have been resolved.

The actual presented study has to been seen as a pre-
liminary load to failure evaluation. Further studies are nec-
essary to prove the mechanical integrity of the prosthesis
and the bony anchorage of the prosthesis as well as the
avoided temperature increase and the evacuation of the
metal debris. Additionally, further testing should also fo-
cus on securing the optimal screw position for intrapros-
thetic anchorage to achieve the highest level of anchorage
strength without weakening the prosthesis. Furthermore,
one of the next steps will be the testing of the dynamic
stability of the intraprosthetic screw fixation technique.

Intraprosthetic screw anchorage in titanium pros-
theses with special threaded liners enhances the primary
stability in treating petriprosthetic fractures by internal
fixation.

COMMENTS

Background

The number of implanted hip prostheses is still increasing and so is the number
of proximal femur fractures after total hip replacement. Fractures with an un-
stable hip stem are generally treated with revision arthroplasty and the use of a
longer hip stem. For the treatment of fractures with a stable stem various tech-
niques have been described, e.g., unicortical plate fixation, cerclages, struts,
but none of them seems to be superior to the others. To improve the primary
stability different intraprosthetic fixation techniques were tested for axial loading
forces in this presented study.

Research frontiers

Intraprostheitc screw fixation represents a new idea and technique to improve
the primary stability in the treatment of periprosthetic fractures. Intraprosthetic
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fixation was achieved with the use of thread cut liners that were inserted into
the drilling hole. The liners were then used like dowels.

Innovations and breakthroughs

New techniques of intraprosthetic screw fixation were described. Compared to
the commonly used unicortical plate fixation the axial loading forces achieved
were significantly higher in the experimental group using hip stems made of
titanium alloy. There was no significant difference between the second experi-
mental group using cobalt chrome prostheses. All drillings were done success-
fully without problems in drilling, inserting or locking. Although an experimental
biomechanical study, the results could lead to a future change in the treatment
of periprosthetic fractures to a significant increase in primary stability.
Applications

Intraprosthetic screw anchorage in titanium prostheses with special threaded
liners enhances the primary stability in treating periprosthetic fractures by
internal fixation. This could lead to a change in the treatment algorithm of
periprosthetic fractures to allow early weight bearing and reduce the in-hospital
morbidity with older patients.

Terminology

Periprosthetic fracture describes a fracture of for example the proximal femur
after the patient underwent total hip replacement. The treatment is depend-
ing on the stability of the implanted hip stem. Intraprosthetic screw anchorage
describes a new technique of screw fixation were the bore hole is drilled into
the prosthesis using a specially developed drill. Plate fixation and cerclages are
different techniques in fracture treatment.

Peer review

The authors present an interesting report of a novel fixation technique for peri-
prosthetic fractures of the femur. With static loading, they show that the new
technique is more stable than conventional plating in the titanium constructs.
Because of its novelty, it might be interesting to readers.
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