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Some of the frequent reasons of titanium implant failures in human body are incorrect biomechanical interac-
tions within the tissue-implant interface and in�ammatory processes arising around the implant's application area.
For both processes, it is crucial to locate them and intervene in time. One of the monitoring possibilities of the
mentioned processes is the application of amorphous glass-coated sensoric microwires (AGCSM). Magnetic charac-
teristics of these microwires are in�uenced by both mechanical tension (magnetoelastic interaction of the magnetic
moment with mechanical stress) and by temperature (di�erent coe�cient of thermal expansion of the metal core
and glass coating). The key task, in order to change the magnetic characteristics of AGCSM from both clinical
and scanning point of view, appears to be the �xation pattern of AGCSM in the implant's body. The presented
study shows the impact of four types of AGCSM �xation patterns (at one ending, at both endings, in the middle
and along the entire length) on the thermal response process tested in laboratory conditions. The obtained results
will enable to establish the AGCSM �xation methodology in the implant's body in order to achieve optimal output
temperature parameters form the implant and the tissue-implant interface by magnetic contactless measurements.
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1. Introduction

The application of micro-sensors in implants for moni-
toring of biomechanical parameters or other quantities is
not new. Several studies have already been published
describing similar applications. They include, for ex-
ample, the MicroStrain system [1], systems using the
low-frequency RFID technology [2] or outputs by the
Charité institute (Julius Wol� Institute for Biomechanics
and Musculoskeletal Regeneration (Universitatsmedizin
Berlin, Germany) [3, 4]. The advantage of these sys-
tems lies in their dimensions and non-invasiveness; how-
ever currently the requirements of biocompatibility, price
but also constant miniaturisation are increasing. One of
the possibilities is the application of amorphous glass-
coated sensing microwires (AGCSM). These microwires
are composite materials consisting of a metallic nucleus
(d = 1�20 µm) and an insulating glass coating (d = 2�
20 µm) [5]. Magnetic characteristics of these microwires
are in�uenced by both mechanical tension (magnetoelas-
tic interaction of the magnetic moment with mechani-
cal stress) and by temperature (di�erent coe�cients of
thermal expansion of the metal core and glass coating).
The presented study shows the impact of four types of
AGCSM �xation in the implant body (at one ending, at
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both endings, in the middle and along the entire length)
on the thermal response process tested in laboratory con-
ditions.

2. Materials and methods

The research of the e�ect of �xation on magnetic char-
acteristics of AGCSM and thus also on the quantity being
sensed, which was temperature, consisted of the following
steps: AGCSM manufacturing (determining the chemi-
cal composition of the microwire's metal core, produc-
ing a pre-alloy with the required chemical composition,
manufacturing the microwire, testing magnetic bistabil-
ity, annealing the microwire, measuring the critical �elds
of the domain wall and evaluation), manufacturing of test
implants, �xation of micro�bers and producing outputs
(diagrams of the dependency of the critical �eld on tem-
perature with individual types of �xation).
To simulate �xation of the microwire in the implant we

used plates having dimensions of 50 × 4 × 2 mm, which
had a slot with dimensions 25 × 1 × 0.1 mm, represent-
ing a cavity in the implant. These plates were manufac-
tured by one of the technologies of additive manufactur-
ing (AM), speci�cally by the technology of direct metal
laser sintering (DMLS) using the device EOSINT M280
(EOS, Germany) from the alloy of titanium Ti-6Al-4V
(Grade 5).
The position of the micro�ber in the test plates was

veri�ed using the system of Metrotom 1500 (Carl Zeiss,

(417)

http://dx.doi.org/10.12693/APhysPolA.126.417
mailto:radovan.hudak@tuke.sk


418 R. Hudak et al.

Germany), which operates on the principle of indus-
trial CT.
The measurements ascertained the e�ect of the method

of �xation of the Fe78W5B17 microwire (25 mm long, with
Curie temperature TC = 180 ◦C) on the plate, simulating
an implant, on the critical �eld HSW and, at the same
time, its temperature dependency. The measurements
were performed within the temperature range of 30 ◦C to
170 ◦C with a step of 10 ◦C. The microwire was �xed to
the implant in four di�erent ways: on one end (Fig. 1a),
on two ends (Fig. 1b), in the middle (Fig. 1c) and along
the entire length (Fig. 1d).

Fig. 1. Di�erent method of AGCSM �xation on the
Ti alloy a) single end, b) both ends, c) center, d) whole
wire.

We used the measurements to produce diagrams of
the dependencies of the critical �eld on the temperature
with individual types of �xation, which monitored the
sharpest drop of the critical �eld in a narrow temperature
range. This sharp change of temperature, that enabled us
to measure temperature in a sensitive way, appears to be
below the Curie temperature. Therefore, it is necessary
for the microwire to have the Curie temperature on the
level of approximately 50 ◦C. For comparison we used the
dependency of the critical �eld on the temperature of the
microwire without �xation, where the sharpest change of
the critical �eld at the frequency of 1000 Hz is between
120 and 140 ◦C.

3. Results

For biomedical applications it is necessary to monitor
the sharpest drop in temperature within the appropriate
temperature range: 35�42 ◦C. Figure 2 shows that the
sharpest drop in the required temperature range is at
100 Hz and with �xation along the entire length.
With a non-�xed loose microwire the sharpest drop

was at 130 ◦C; with �xation along the entire length this
change fell to 50 ◦C, which is a shift of 80 ◦C only as a
result of application of external pressure forces caused by
solidi�cation of the �xation medium. This solidi�cation
contributes to the magnetoelastic e�ect.

Fig. 2. Temperature dependence of the switching �eld
measured for di�erent methods of �xation.

4. Conclusions

The experimental measurements showed that the best
way to �x the microwire is along the entire length (in case
of the tested type of the microwire Fe78W5B17). How-
ever further studies will be needed to deal with quanti�-
cation of the applied �xation material and its e�ect on
the measured critical �elds and thus also the tempera-
ture, analysis, selection and testing of an optimal bio-
compatible �xation material and testing of the e�ect of
the microwire position on the measured data. An equally
important area will be the testing of the sensing system
with analysis of the range and thus the depth of human
body scanning.
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