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Abstract Introduction: The aim of an intraosseous appli-
cation of electromagnetic alternating fields is to speed up
both the regeneration of osteonecroses and bone regener-
ation. In clinical studies, the efficiency of the technique
could be successfully proven by using a transducer coil.
The advantage of the traditional technique was the variety
of its applications in connection with various osteosynthe-
sis systems; the disadvantage was a possible failure of the
contacting leads and the resulting functional breakdown.
Materials and methods: A newly developed BISS screw
(bipolar induction screw system) with integrated coil and
electrodes was compared to a standard cannulated screw
used in the traditional technique. The strength of BISS
screws (n=6) and of cannulated screws (n=6) was evalu-
ated in comparative biomechanical tests. Examinations
consisted of torsional and static and dynamic cantilever
tests. All screws were made of the same material
(TiAl6V4) and had identical outer dimensions. Results: No
significantly lower strengths could be observed when we
compared BISS screws with cannulated screws. The BISS
screws even showed significantly higher mechanical val-
ues due to a reinforcing effect by the attached electrode.
Conclusion: In the modified concept of the new BISS
screw, both coil and electrodes are housed in only one
cannulated screw. No negative effects concerning me-
chanical strength and durability were associated with the
new screw concept. This provides for a simpler implanta-
tion and makes removal easier, while the risk of a cable
tear is avoided.
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Introduction

The technique of magnetically induced electro-osteostim-
ulation provides osteoinductive functional stimuli via
electromagnetic alternating fields. The effectiveness of
this method was shown in vitro and in animal experiments
subsequent to examining the electrical properties of living
and dead bone tissue [1]. Clinical studies were able to
show the effects of electromagnetic alternating fields in
disturbed healing of bone fractures [22] and in necrosis of
the head of the femur [19].

The disadvantages of the traditional principle (Fig. 1)
were:

– fatigue failure of the connecting wires as well as me-
chanical disconnections at the contact elements due to
friction against the bordering tissue could be observed
during clinical application;

– additional implants (separate transducer system with
cables) were necessary and

– a minimum of two osteosynthesis parts were required
which served as electrodes (e.g. two screws).

Thus, improvement of the technique was needed to achieve
the following objectives:

– reduction of potential functional defects, caused by the
above-mentioned failures such as cable tears (Fig. 1);

– simplified application and removal of the implant;
– a more consistent arrangement of electrodes to each other

in order to guarantee a correct and reproducible han-
dling of the system.

By inserting both electrodes and the induction coil into a
single screw (as a one-screw system), it is possible to re-
alize the above-mentioned requirements by what is called
the bipolar induction screw system (BISS).

The remaining potential risks of using the BISS screw
include cartilage perforation or dislocation of the flattened
part of the femoral head as known from core decompres-
sion or during implantation of fibular grafts.

Another limitation using the BISS screw is that MRI is
not recommended until the BISS screw is removed (after
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12 weeks). This has also been advised for the former prin-
ciple of the electro-inducible system.

The aim of the study was to prove the mechanical sta-
bility of the BISS system. In order to determine the me-
chanical strength of bipolar induction screws and of elec-
trical isolation of the adhesive film between the tip and
shaft of the screw, static and dynamic bending tests were
carried out. We also determined the static torsion shearing
strength of the adhesion film.

Materials and methods

The basic body of a BISS screw is a cannulated spongiosa screw
(titanium basic alloy, TiAl6V4), with a transducer coil being in-
serted into its hollow space. The cannulated screw (including screw
head, shaft and thread face) is used as the first electrode. Subse-
quent to implanting the coil, the tip of the screw (without thread) is
adapted as the second electrode, using an adhesive which is elec-
trically isolating (epoxy resin, named Hysol, Dexter Co., USA)
into the other part of the screw (Fig. 2). The BISS screw (GEOT,
Germany) is available in different lengths and diameters. A size
suitable for the treatment of necrosis of the femoral head was tested
in the examinations relevant for this study. In a control group, can-
nulated spongiosa screws – the body of the BISS screws – with a
length of 80 mm, an external diameter of 6.5 mm, a (tapping) spon-
giosa thread length of 44 mm, and a core diameter of 5 mm (man-
ufactured by DePuy, UK) were used.

The static bending tests were carried out on six BISS screws
and six cannulated spongiosa screws (hollow core screws; HS) using
a universal testing machine (Wolpert TZZ 707, load cell 50 kN)
(Fig. 3). The screws were set in a drill chuck, with the screw’s lon-
gitudinal axis orthogonally adjusted to the inspection stamp (radius
3 mm) and strain direction. The load of the bipolar induction screws
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Fig. 2 Bipolar induction screw system (BISS). Unification of
electrodes and coil (old system, left) in one screw (BISS, right)

Fig. 3 Biomechanical model: free bending test (above): load
rate=5 mm/min in static tests; frequency=5 Hz in dynamic tests;
torsion test (below): load rate=0.1°/s

Fig. 1 Traditional application technique of electro-osteoinduction:
the transducer consisting of coil and connective cables is con-
nected with various parts of the osteosynthesis components. Partial
tearing of cable when subjected to mechanical strain. Axial X-ray
of left hip



was fixed to the end of the screw, with a free clamping length of
25.5 mm. In order to avoid a localised, uni-sided, plastic deforma-
tion of the thin-walled end of the spongiosa screws, a journal of 
13 mm length was fitted into the end of the screw to allow for a
more even introduction of force. The strain was exerted at the
same free clamping length of 25.5 mm at a test velocity of 5 mm/
min until the extension maximum was reached. During the test a
force-deformation diagram was recorded.

For the dynamic free bending tests we also used six cannulated
(HS) and six BISS screws. The dynamic bending tests were carried
out in a servo-hydraulic test machine (Roell Amsler 2151, load cell
20 kN) at room temperature in air. The test set-up was identical to
that for the static bending tests. However, the load on the bipolar
induction screws was applied to the end of the screw in a pulsating
manner, with a test frequency of 5 Hz. The test was continued un-
til the level of endurance determined prior to the test was reached
or the screw burst. During the test, maximum and minimum loads
as well as maximum and minimum lowering of the inspection
stamp were recorded. The maximum loads applied were around
400 N, which equals a maximum bending moment of 10.2 Nm. This
corresponds to about 50% of the average bending moment obtained
during static tests as far as the extension maximum was concerned
(20.5 Nm for BISS screws, 18.7 Nm for cannulated screws).

In order to test the effects of the dynamic load on the electric
function, the ohmic resistance between tip and shaft of the screw
was measured with a digital multimeter (Voltcraft M-4660A, mea-
suring capacity 20 MΩ) prior and subsequent to the test.

The static torsion shearing strength was determined using a
universal testing machine (Wolpert TZZ 707, load cell 50 kN) at
room temperature. The samples (n=7) were fixed between two drill
chucks, one of which was connected with the machine crosshead,
the other with a torque detector (Burster 8628, max. torque 100 Nm)
and a swing angle provider (Megatron MA 751) (Fig. 3). Apart
from that, the specimens were exposed to an axial tension load of
10 N using an universal testing machine. The load on the samples
was introduced at an angular velocity of 0.1°/s until the adhesive
film came apart. Torsional moment and torsional angle were recorded
for the whole test period by using a personal computer.

Biomechanical variables were analyzed statistically by the
Wilcoxon test for paired samples with the software SPSS (version
11.5).

Results

All screws were strained during a static bending test until
the extension maximum was reached. All samples showed
a ductile material behaviour (Fig. 4). During static bend-

ing tests there was one case of screw destruction (sample
BISS 3), with a bending moment, however, also being
reached at a maximum bending moment of 20.7 Nm.

The average bending moment at extension maximum
was 20.5±0.9 Nm (range 19.3–21.6) for BISS screws and
18.7±0.6 Nm (range 18.3–19.5) for cannulated screws. For
flexural strength the following values were measured: 230±
9 N/mm (range 223–245) for BISS screws and 182±6 N/mm
(range 174–189) for cannulated screws. The BISS screws
thus showed significantly higher values with respect to
the bending moment at extension maximum than the can-
nulated screws (HS) (p<0.05) (Fig. 4). The flexural strength
of the BISS series was significantly higher by 26% than
the strength of the hollow screws (p<0.001). Both effects
are due to the end of the screw being reinforced by the at-
tached electrode.

During dynamic bending load no fatigue-tested speci-
mens without failure were discovered, either for hollow or
for BISS screws beyond a maximum bending moment of
9.7 Nm. At a maximum bending moment of 9.7 Nm (max-
imum load 350 N), fatigue-tested specimens with as well
as without ruptures were discovered in both sample groups.
With lower bending moments, no ruptures were detected
within the applied endurance (Fig. 5: Wöhler’s diagram)
in these groups.

The ohmic resistance measured between the tip and
shaft of the BISS screws prior and subsequent to the test,
for all fatigue-tested specimens without rupture, was
above the maximum measuring range of the multimeter
used (20 MΩ). With respect to the two BISS screws that
broke under a high bending moment, in one case an elec-
trical conductibility between tip and shaft of the screw oc-
curred, with the resistance being 0.53 MΩ subsequent to
the occurrence of a fatigue fracture.

In the static torsion test all seven BISS screws exam-
ined showed a brittle characteristic of failure at the adhesive
film (Fig. 6). A mean moment of failure of 7.64±1.17 Nm
was calculated. These torsion moments clearly exceeded
those torsion moments to be expected in clinical applica-
tions. For example, Ryken et al. state a value of 0.367±
0.243 Nm as the insertion moment of bone screws into
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Fig. 4 Results of static biome-
chanical examinations: bending
moment at yield and flexural
stiffness
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vertebral bodies [19]. A mean moment of failure of 7.68±
0.20 Nm was calculated for the group of control specimens.

Discussion

A variety of biological, joint-preserving, surgical proce-
dures like core decompression, osteotomy, free and vascu-
larized bone grafts have been devised with varying suc-
cess. Cement filling as another alternative procedure [11]
has the disadvantage of additional, thermically induced
bone necrosis in the surrounding bone up to 2.8 mm [3,
27]. Core decompression has a low success rate and fails
in severe cases (up to 56% [26]).

Bone transplants showed differing results, partially with
high percentages of progressive collapse (up to 56%) [10].

The rate of necessary reoperation with a total hip replace-
ment is obviously lower using vascularized fibula than af-
ter core decompression [12, 20], but the failure rate of
vascularized grafts also reaches 20% after 2 years [12]
and 30% after 5 years [24]. Vascularized transplants from
the iliac crest showed satisfying clinical results in only some
cases after 4.4 years [21]. Therefore, when use of vascu-
larized bone transplants like iliac crest or fibula is being
considered, the high co-morbidity at the donor site must
be seen in relation to the benefits [5, 25].

In essence, no ideal method showing low co-morbidity
is currently known for the treatment of avascular necrosis
of the femoral head.

Depending on elastic deformation, electrical phenomena
play an important role in the regeneration and remodelling
of bones [6, 9]. Based on cell culture conditions, it was pos-
sible to show that electromagnetic fields influence differen-
tiation, metabolism, and synthesis performance of human
cells [16]. The frequency and strength of the electromag-
netic field are, in this context, of essential importance [15,
23]. It is a well-known fact that in most cases, sinusoidal
fields with low frequency induce osteogenetic reparative
cellular mechanisms [18], with fields below 10 µV/cm for 
1 h a day being sufficient to increase the bone mass.

Electrical potential differences in the bone can – just
like with the BISS system – be produced by way of ather-
mic electromagnetic induction at low frequencies. From
these results, in a bone with normal blood flow at an al-
ternating current conductance of about 10-3 Ω-1 cm-1, a
current conduction of about 1 µA and in the atrophic bone,
of about 10-6 to 10-8 Ω-1 cm-1 can occur [1, 13].

The new BISS system is based upon the technical foun-
dations of the electroinduction method introduced by Kraus
and Lechner [14] and Ascherl [1] (frequency 20 Hz, mag-
netic induction 5 mT, actual voltage 700 mV, internal resis-

Fig. 5 Maximum load, corresponding bending moment, applied
changes in load endurance as well as specimen status at the end of
the test (break or fatigue-tested specimen without rupture) shown
in the form of a Wöhler’s diagram

Fig. 6 Example of torsion test of BISS screw (sample BISS 17): 
a brittle characteristic of failure of the adhesive film can be ob-
served at a torsion angle of ca. 6.3° and a corresponding torsional
moment of 6.2 Nm

Fig. 7 Example of clinical application of the new BISS system in
one of the first cases. Femoral head necrosis grade Marcus 3, at 
6 weeks after operation
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tance <100 Ω). Also in this context, extracorporeally ap-
plied electromagnetic alternating fields create a flow of cur-
rent intracorporeally in the target tissue by way of the trans-
former principle. The successful utilisation of this principle
in the context of bony tissue requires a reproducible appli-
cation of the electrodes. By using the newer system, it is
possible to reduce the parts to be implanted (Fig. 7), which
results in a simpler application method and last but not least
in a much easier way of removing the implants.

It was, however, necessary to prove that the new sys-
tem is sufficiently stable from the biomechanical point of
view. While the BISS screws do indeed serve for electro-
osteoinduction, they need to withstand the local mechani-
cal load in the bone tissue, e.g. in the femoral neck and head,
which comes mainly as a bending force [7]. The well-tried
application duration of the electroinduction system used
to date is, in clinical application, restricted to 3 months,
which means that also when using the BISS system the
implant can be removed after this period of time. The re-
sults available, from static and dynamic bending tests,
show a sufficient bending strength since they are similar
to those gained in tests with cannulated screws made of ti-
tanium-alloy TiAl6V4. The isolation within the BISS screw,
which constitutes one foundation of the electroinductive
effect, was not compromised by a dynamic load below the
screws’ permanent fatigue limit.

The induction screws are not primarily designed to serve
as osteosynthetic stabilisation of a femoral neck fracture
but may, in case of a subsequent fracture of the femoral
head or neck, theoretically be exposed to loads similar to
those after osteosynthesis of a femoral neck fracture of
Pauwels type 3 [4, 8]. For this reason the mechanical ex-
amination, in particular of the bending load [17], was of
essential importance for the clinical use of the system.

The BISS concept thus constitutes a pioneering approach
to improve the traditional method of magnetically induced
electro-osteoinduction in connection with osteosynthesis
implants. The decisive factor, however, will be the correct
diagnosis and positioning of the screws to achieve the de-
sired clinical effect, in particular in cases of necroses of
the femoral head.
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