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Close Integration of a UHF-RFID Transponder Into
a Limb Prosthesis for Tracking and Sensing

Rossella Lodato and Gaetano Marrocco

Abstract— The technology of structural radio systems that is
well assessed in the avionic and naval communications is here
applied to obtain antenna functionality out of a limb prosthesis
with minimal changes to the device, in specific, an orthopedic
nail. A microchip transponder based on the ultrahigh frequency-
radio-frequency identification (RFID) communication standard
is connected to the nail by means of a central notch forming
a towel-bar-like antenna. The resulting device, called prosthetic
structural tag, is such to preserve the mechanical continuity of
the original nail, but it is also capable of energy harvesting
and RFID. The electrical and geometrical control parameters for
impedance tuning were identified using computer simulation and
laboratory tests. The radiation performance is mostly dependent
on the geometry of the notch, while it is rather unaffected by
the length of the nail, so that the proposed layout may also be
applied to different kinds of prosthesis. The experimented read
distance at 870–960 MHz was more than 35-cm far from the
limb surface. The augmented smart prosthesis is, hence, suitable
to be monitored using an external non-contacting antenna for
application to tracking and, in the near future, to monitor the
prosthesis health status.

Index Terms— Implantable antenna, sensor, radio frequency
identification (RFID), temperature.

I. INTRODUCTION

ORTHOPEDIC implants have become in recent years
the standard remedy for the treatment of many diseases

of the joints and of the musculoskeletal system includ-
ing some types of fractures as the ones of long bones
(femur, tibia). The most advanced surgical techniques involve
the insertion into the medullary canal of special prostheses
called “intramedullary nails” [1]. The widespread diffusion of
implanted prostheses has given rise to issues of labeling and
identification over the years but also to the need of an early
detection of pathological phenomena related to the implant
itself like local inflammation, infection and rejection. Parame-
ters such as the increase of local temperature, displacement,
mechanical stress and abnormal tissue regrowth are precursors
of above pathological events and hence a periodic monitoring
of the prosthesis health-state [2]–[5] may permit to detect such
pathologies in the early stages.

In the emerging scenario of the Internet of Things [6],
an “augmented” prosthesis will become a wireless-connected
sensing node [7], [8] that will be useful to provide live
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information about the patient thus supporting the post-surgery
follow-up and in-home tele-rehabilitation [9]. Due to the long
life of a prosthesis, “battery-less” becomes a key requirement
so that electronic devices embedded into the prosthesis could
wirelessly gather energy through electromagnetic waves for
their activation and communication with an external interro-
gating unit.

Worldwide research about telemetry links with externally
powered sensors that are somehow integrated into or over an
orthopedic prosthesis mostly concerns low frequency devices
with contacting external antennas. One of the first pioneering
examples was proposed in 2007 [10]: the implanted sensor
harvested energy from the interrogating unit that was equipped
with a power supply coil operating at 4 kHz and fixed around
the patient. Data about the orthopedic implant load was then
transmitted at 150 MHz through a different set of coils. The
same authors then described in [11] a possible application of
this technology to in-vivo measurement of the local tempera-
ture of a hip implant. In [12] an ad-hoc lock-in amplifier was
proposed for integration into a remotely-powered sensor to be
placed into a hip prosthesis. This telemetry system, operating
at 4 kHz and 125 kHz, was aimed at measuring temperature
and vibrations of the prosthesis. The antennas of the sensor
and of the interrogator were again coils. In [13] a non-radiative
transcutaneous link was established at 13.56 MHz by using the
Radiofrequency Identification (RFID) protocol in the HF band.
In [14] a flexible loop antenna for a bone implant was designed
to operate in the 401-406 MHz telemetry band: the communi-
cation with the implanted tag required to place external large
and uncomfortable coils at direct touch with the body.

Other experiments considered instead the UHF
(860-960 MHz) RFID band in case of both contacting and
non-contacting interrogators. In particular, a transcutaneous
telemetry system, based on the near-field interaction at
915 MHz, was proposed in [15]. A dipole-like tag, equipped
with a microchip and a temperature sensor, was directly
attached onto the prosthesis. The antenna of the reader was a
touch probe, including electrodes, that requires to be placed
over the skin, just in front of the implant. A maximum reading
depth up to 4cm through pork skin was achieved for 30 dBm
power emitted by the contacting antenna of the reader. The
potentiality and limitations of UHF-RFID transcutaneous
link involving non-contacting external exciter/receiver were
recently discussed by us in [16] for application to limb
implants. The antenna of the reader was a folded patch
while the antenna of the sensor was a square loop directly
attached onto a bone, by means of a spacer. Simulations with
a detailed human model and experiments with phantoms
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demonstrated that it is feasible to achieve a more than
30 cm link range for tags implanted into shoulder, elbow,
hip and knee with 30 dBm of emitted power. We moreover
demonstrated that this kind of telemetry is fully compliant
with the electromagnetic exposure regulations. However, in
spite of the accurate model of the human body, the effect of
the prosthesis was only roughly simulated by an aluminum
foil enveloping a cow bone without any attempt to address the
electromagnetic integration of the tag with a real prosthesis.

The adoption of RFID UHF band for prosthesis interaction
deserves specific attention over lower frequency standards
(LF and HF) at least for a few attractive advantages.
i) In spite of the UHF communication is more suffering from
the tissue losses than HF links, the interrogation ranges of
UHF implants proved to be much longer and suitable to
collect the biophysical status of the prosthesis while the patient
passes through an electromagnetic gate with a remarkable
application to smart-home environments [6]. ii) The size of
the interrogator of an UHF system is smaller than the HF one
so that the antenna could be fabricated with unobtrusive planar
technology. This issue is particularly relevant when the reading
system has to be wearable for a continuous monitoring of the
prosthesis. HF systems as in [11] require uncomfortable coils
to get into the limb while UHF reader could have the size of
a plaster. iii) UHF implanted tags may be naturally used as
a permittivity sensor to qualitatively detect changes of tissues
close to the prosthesis [17].

Finally a much higher frequency communication link with
a prosthesis is described in [18]. A 21 GHz slotted waveguide
antenna was conformal to an orthopedic pin suitable to bone
lengthening. The antenna exploited the hollow structure of the
pin and it was connected to the body surface through a thin
dielectric guide in order to harvest energy from an external
EM field. After rectification, such energy was used to feed
a motor for the control of the lengthening of the pin itself
and how to control the electric matching of the microchip
impedance.

This paper can be considered the natural evolution of [16]
where the effort is now devoted to the investigation on how
embedding the functionalities of an UHF tag into a family of
real orthopedic prosthesis with minimal modification of their
mechanic structure. It is indeed shown how integrating the
RFID antenna inside the prosthesis itself. The design approach
is borrowed from structural antenna technology that was
developed years ago for the naval and avionic communication
and it is here adapted to produce an ad-hoc UHF Prosthesis
Structural Tag carved out of the prosthesis itself, with a rather
marginal change.

The paper is organized as follows: Section II intro-
duces the idea of the PST while Section III describes
the computer simulations for an intramedullary nail-like
PST, aimed at understanding the key geometrical parameters
for the frequency tuning of the device. Section IV intro-
duces the prototype of the PST, the experimental phantom and
the measurement procedure. The experimental results are
finally discussed in Section V also in comparison with simu-
lations in terms of the power required to activate the chip, for
two kinds of deep and superficial implants.

Fig. 1. Example of Intramedullary nail and typical dimensions for femur
implants and tibial implants.

II. PROSTHETIC STRUCTURAL TAG

A transcutaneous link based on the UHF Radiofrequency
Identification protocol requires to place a passive transponder,
often referred to as tag, inside the prosthesis to be monitored.
The tag communicates with an external reader unit that is
composed of a small radar and of an antenna that illuminates
the body. The reader energizes the tag from remote through
electromagnetic waves and also provides the carrier for the
response of the tag. The tag includes a small antenna for
energy harvesting and a microchip transponder that switches
its internal equivalent RF impedance between two states and
accordingly modulates in reflection the impinging carrier so
achieving communication by modulated backscattering.

The design of the prosthetic tag is based on an antenna
architecture that is widely used in naval and aerospace
HF (2-30 MHz) communications wherein low-profile radiators
are conceived by closely integrating the radiation mechanism
into existing metallic super-structures [19] such as the fuselage
of an airplane, a funnel or a big mast of a ship, which are used
as an active part of the radiating system. The integration of
radio-sensing capabilities inside an implanted medical device
however demands for additional and more critical constraints.
Any change to the original prosthesis has not to compromise
its biocompatibility, functionality and its mechanical stability.
Moreover, surface discontinuities have to be avoided since they
could obstruct the correct insertion of the prosthesis into the
bone. The inclusion of radiating elements is therefore required
to be low-profile.

Without loss of generality, the idea of a structural RFID
tag for bone prosthesis is hereafter described with reference
to a specific device, the intramedullary nail. The applica-
tion to a different metallic prosthesis may be considered as
straightforward. An intramedullary nail (Fig. 1) consists of
an anatomically curved rod generally made of titanium alloy
whose size depends on the type of the fracture and on the
specific implantation locus such as, for instance, the femur
and the tibia. Fixing holes are drilled at the extremities of
the device at the purpose to lock the prosthesis to the bone
by means of screws. For such kind of prostheses, the feeding
part of the antenna could be integrated into one of the fixing
hole or within a custom notch carved out of the cylindrical
body of the nail without altering the continuity of the external
surface and the mechanical strength of the implant.

We recently demonstrated [16] the potentiality of a square-
loop RFID tag for insertion in close surrounding of a bone.
In particular, the loop layout with its intrinsic inductive
reactance, revealed suitable to easily match the capacitive
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Fig. 2. Integration of a square loop into the body of an intramedullary
nail, here simplified by a cylindrical rod. a) Square loop tag; b) towel bar
antenna, c) Prosthetic Structural Tag. d) reference geometry of implant inside
a cylindrical model of a limb including bone and muscle.

impedance of the RFID microchip even when the tag was
placed in proximity of metallic objects inside a limb phan-
tom. The square loop is now made structural with the nail
by following the rationale in Fig. 2. Half the loop can be
replaced by the nail itself, like in the towel-bar antennas over
aircrafts [20]. Further on, at the purpose to avoid protruding
elements, the half loop is carved out just inside the cylindrical
body. In this way the mechanical continuity and stability
of the prosthesis is not altered. The resulting device, here-
after denoted as Prosthetic Structural Tag (PST), resembles a
T-match configuration except for the electromagnetic radiation
that is mostly produced, as discussed later on, by the embedded
half loop, rather than by a true dipole mode.

III. PARAMETRIC ANALYSIS AND ANTENNA DESIGN

For the sake of simplicity, the reference prosthesis is
hereafter emulated by a straight cylindrical titanium rod of
diameter D = 12 mm and length l = 400 mm that is compliant
with the size of conventional Intramedullary nails as in Fig. 1.
The excitation section (Fig. 3) comprises a rectangular strip of
size w× L that is suspended inside a notch of size L ×W × p
at a distance h from the external surface. The reference RFID
microchip for the numerical simulation is the Impinj Monza-4
(RF impedance Zchip = 13 − j151 � at 868 MHz and
power sensitivity pchip = −18 dBmW) that is connected
in the middle of the strip. The notch is assumed as filled
by an insulating coating having the twofold role to provide
isolation from the biological tissue as well as to preserve
the external profile of the nail. The rod is finally assumed
to be inserted (Fig. 2d) along the axis of a cylindrical bone
(diameter 52 mm, permittivity and loss tangent εbone = 12.5,
tanδbone = 0.23) that is in turn placed coaxially into a
muscle-equivalent homogeneous cylinder of diameter 140 mm
(not shown in the figure) with dielectric parameters
εmuscle = 43, tanδmuscle = 0.25 simulating a human limb.

The design of the PST consists in optimizing the parameters
of the notch and of the excitation strip with the goal to
maximize the power that is harvested by the microchip at
the European RFID frequency 868 MHz. The performance
parameter is accordingly the power transfer coefficient

Fig. 3. Details of PST a) the interior of the notch (having removed
the dielectric insulator) hosts the two strips where the microchip will be
connected; b) side section with indication of the insulator and c) external
view.

τ = 4RA Rchip/|Z A + Zchip |2 ≤ 1 at the microchip port, with
Z A = RA + j X A being the input impedance seen at the gap
of the strip where the microchip is interconnected.

The geometry was modeled by the CST Microwave Studio
in order to perform a parametric analysis when the notch
sizes changed in the following ranges: 20 ≤ L ≤ 75 mm,
and 6 ≤ W ≤ Wx (D, p), where the bound Wx (D, p) =
2
√

(D/2)2 − (D/2 − p)2 is derived from the intersection
between the cylinder and the rod to obtain, by subtraction,
the notch region. The remaining parameters were fixed to
p = 4 mm, h = p/2 and w = 4 mm. Two values of
permittivity ε f = {2, 8} were moreover selected for the filling
dielectric that may represent the Teflon and a possible realistic
material commonly used in a prosthesis such as ceramics.
The Teflon, although not biocompatible, is however considered
here since it will be used for the fabrication of a preliminary
prototype for laboratory experimentations.

A. Impedance Matching

Fig. 4 shows two matching charts, e.g. the isolines of the
power transfer coefficient of the PST for variations of the
parameters of the notch. The useful region with τ ≥ 0.7
corresponds to the parameters ranges {7.5 ≤ W ≤ 11 mm,
55 < L < 65 mm} and {9.5 ≤ W ≤ 12 mm, L = 40 mm}
for the two cases of low and high permittivity, respectively.
As expected, the denser dielectric coating provides a minia-
turization of the length of the two strips (size L) but at the
price of a smaller tolerance in the size of the notch region
(the τ ≥ 0.7 area is smaller for this configuration than in the
other case).

B. Optimal Configuration

Fig. 5 shows the simulated surface current density at
868MHz for a possible implementation of the PST having
{W=8 mm, L=65 mm, p=4 mm, ε f = 2} e.g. a small
value of the size W of the notch at the purpose to minimize
the possible weakening of the mechanical properties of the
prosthesis. The surface current density is mostly concentrated
into the notch region. The remaining part of the rod is hence
nearly isolated by the chocking effect produced by the notch
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Fig. 4. Isolines of the power transfer coefficients τ as evaluated for
two permittivities ε f of the filling dielectric and for a depth of the notch
p = 4 mm with Wx (p = 4 mm � 11 mm) Wx (p = 4 mm Up) ε f = 2 and
down) ε f = 8.

Fig. 5. Normalized simulated current density distribution Js on a) the whole
PST at 868 MHz and b) details of the notch. The color scale is over-expanded
at the purpose to highlight the attenuation of the surface current over the rod
with respect to the notch region.

plus strips as well as by the presence of the losses of the
phantom that yield, in overall, a more than 50 dB attenuation
of the surface current with respect to the maximum values
occurring on the strips.

Fig. 6 shows the near field of the PST that has been
computed by assuming the antenna as in radiating mode.
The highest radiation occurs along the cylinder radius just in
front of the notch. Although the integration of the chip with
the rod visually resembles that of a T-match in conventional
RFID sub-wavelength dipoles, the radiation mechanism is
completely different. First of all, due to the presence of the
body tissues, the effective electrical length of the rod is a
few wavelengths and in spite of the concentric arrangement
of rod and body-like cylinder, the radiated field is clearly non

Fig. 6. Simulated electric field radiated by the PST in the nearby region when
it is implanted as in configuration of Fig. 2d. a) horizontal cut; b) vertical cut.

isotropic on the horizontal plane unlike the case of dipoles.
Moreover the vertical cut in Fig. 6 shows a stationary and
quickly attenuating electric field mostly confined inside the
bone except for in the proximity of the notch where the
radiation occurs.

A deeper understanding of the radiation modality comes
out the analysis of input parameters and radiation effi-
ciency of the PST versus frequency and for some lengths
of the rod comprising different models of the nail
(l={250 mm, 400 mm}) as in Fig. 1 and also an extreme case
(l=100 mm) of a very short nail just slightly longer than the
notch. Fig. 7 shows only rather marginal variations of all the
PST electric parameters and all the considered devices are well
matched at the european frequency (τ > 0.7 at 868 MHz). The
radiation efficiency is moreover rather stable within a broad
range of frequencies so there should be no particular advantage
in working above the UHF RFID band.

Finally, the profile of the input impedance has a typical
parallel resonance around 1450 MHz with a huge input resis-
tance. Such resonance was verified to be the first one of the
PST: the dominant behavior is therefore that of a loop-like
structure, rather than of a dipole. The natural inductive reac-
tance at low frequencies is useful to match the RF capacitive
impedance of the microchip.

It is therefore reasonable to claim that the electromag-
netic performance of the PST is rather stable with respect
to the length of the nail and that the PST works as an
half loop (towel-bar antenna) embedded into the prosthesis
itself. Moreover, only the central part of the prosthesis is
electromagnetically active and works as a kind of reflector
making the radiation quite directional.

The power transfer coefficient of the optimized geometry of
the notch is more than 0.8 at the european UHF frequency for
RFID and close to 0.7 in the US band (902-928 MHz).

C. Application to a Realistic Intramedullary Nail Model

To evaluate the applicability of the proposed design method-
ology to a real intramedullary nail, the more complex geometry
in Fig. 1 was finally considered as a starting point. The
geometrical and electromagnetic model now includes all the
relevant details such as the not uniform profile, the slight
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Fig. 7. a) Input impedance of the PST vs. frequency for the case of parameters
of the excitation region {W=8 mm, L=65 mm, p=4 mm, ε f = 2}. b) Power
transfer coefficient referred to the microchip impedance ZC . c) Radiation
efficiency. Three lengths of the rods have been considered.

bending and the fixing holes (Fig. 8). The conductor is
titanium as for the real prosthesis. Since the electromagnetic
interaction between the rod and the microchip is rather local,
the off-center un-uniformity of the nail is expected to have
a negligible impact on the electric response of the overall
system. Accordingly, the same matching chart previously
derived for the reference cylindrical rod (Fig. 4) was also
used to define the notch size for the optimal performance of
the intramedullary nail. The choice of geometrical parameters
{W=8 mm, L=65 mm, p=4 mm}, permitted to easily achieve
a power transfer coefficient (Fig. 8) well tuned in the European
UHF RFID band.

IV. PROTOTYPE, PHANTOMS AND

MEASUREMENT PROCEDURE

A. PST Prototype

A prototype of the simplified PST was fabricated by using
a cylindrical steel rod (Fig. 9) of total length l = 290 mm
and diameter D = 12 mm. The notch was centrally carved in

Fig. 8. (Up) Transformation of a real intramedullary nail into a structural tag.
(Down) Simulated power transmission coefficient and detail of the radiating
notch. Size of the notch and exciter: {W=8 mm, L=65 mm, p=4 mm}.

Fig. 9. Steel prototype of PST resembling an intra-medullary nail that is
here shown, for clarity, without and with the external insulating Teflon layer.

Fig. 10. Detailed geometry of the phantoms of the limb for laboratory
experimentations. A glass cylinder was homogeneously filled with minced
meat and the PST prototype was inserted inside the medullary canal of a cow
bone that was in turn placed at two different distances from the glass at the
purpose to emulate a) a femoral nail (ha = 70 mm) and b) a more superficial
implant as a tibial nail (hb = 25 mm).

the rod and had sizes W = 8 mm, L = 65 mm, p = 4 mm,
according to the previously simulated model.

The interconnection of the microchip to the rod was
achieved by means of two metal copper strips (width 4 mm).
The inner and external dielectric coatings consist of two sheets
of Teflon having 2 mm thickness (Fig. 9). This prototype can
be considered as representative of both a tibial and a femoral
nail.

B. Limb Phantom

The limb phantom (Fig. 10) was assembled by a glass
cylindrical pipe, of diameter 140 mm filled with minced meat
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Fig. 11. a) PST placed inside the medullary canal of a cow bone and b) the
measurement set-up comprising the limb phantom with the bone inside and
a ThingMagic M5 reader (not shown) connected to a Stacked PIFA antenna.

(moisture of muscle with 35% of fat) up to a height of
350 mm. The PST was implanted inside the medullary canal
(Fig. 11d) of a cow bone (average diameter 52 mm and bone-
thickness 20 mm) placed at two different distances from the
lateral surface of the box. A first configuration (Fig. 10a) with
ha = 70 mm emulates a deep (femoral) implant, while in a
second configuration (Fig. 10b) the bone was placed at a closer
distance from the pipe surface (hb = 25 mm) at the purpose
to simulate a more superficial (tibial) implant.

C. Measurement Setup

The measurement setup (Fig. 11) comprised a ThingMagic
M5e reader connected to a broadband linear polarized Stacked
Planar Inverted-F Antenna (S-PIFA) that includes a teflon sub-
strate with external size 13x20 cm2 and exhibits a maximum
gain of 5.5 dBi along its normal axis.

D. Measurement Procedure

The performance parameters of the RFID link are the
turn-on power Pto and the Direct Link Margin MDL . The turn-
on power is the minimum power emitted by the reader that is
required to activate the tag in the specific configuration. The
upper bound of Pto is the maximum power that the reader may
provide the interrogating antenna with. The direct-link margin
(in dB) is defined [16] as:

MDL = PR→T |d B − pchip |d B (1)

where

PR→T = GT Pav (2)

is the power delivered by the reader to the IC when the reader
emits the maximum available power Pav (here 30 dBmW
with the available hardware) and GT is the transducer power
gain [21]. The condition MDL > 0 ensures that the power
emitted by the reader is enough to activate the chip and
hence to establish a correct RFID communication. Even for
the case of implanted tags, the direct link was previously
demonstrated to be still the bottleneck [16] of the communi-
cation and hence the check on the above margin is sufficient

Fig. 12. Simulated and measured turn-on power Pto for PST implanted as in
Fig. 10 having included also the S-PIFA antenna of the reader that is placed
at distances d={10 cm, 5 cm}, respectively.

to assess the feasibility of the link. The higher the direct
margin is, the more the chip of the tag will harvest power
in excess that could be useful to energize additional onboard
sensors.

During the measurement, the power emitted by the reader
was increased until the chip was activated, thus obtaining
the turn-on power. The transducer gain is accordingly deter-
mined as:

GT = pchip

Pto
(3)

The direct-link margin can be hence finally derived through-
out (2), (1) and (3) as

MDL = Pav |d B − Pto|d B . (4)

V. RESULTS

Reference data for comparison with measurements were
moreover obtained by means of numeric simulations which
accounted for the whole RFID link. At the purpose to correctly
predict the electromagnetic coupling between the various
devices without any far-field assumption, simulations included
the limb phantom, the cow bone (as in Fig. 10) and both the
PST and the antenna of the reader as well.

The values of the simulated and measured turn-on powers
(Fig. 12) show that the RFID communication was correctly
established even in the most challenging case of the deeper
implant in the center of the phantom with the reader placed
at the larger distance d = 10 cm. The direct link margin was
MDL = 4 dB in the European RFID band and up 6 dB in
the US band (902-928 MHz). The margin was even better
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TABLE I

MEASURED TRANSDUCER POWER GAIN GT A THE EUROPEAN
AND US FREQUENCIES FOR THE TWO KINDS OF IMPLANT

Fig. 13. Measured transducer power gain and turn-on power around the
phantom simulating a tibial implant for an average reader-tag distance of 5cm.
The shadowed circular sector indicates the angular region where the reader
was unable to detect the smart prosthesis.

TABLE II

EXPERIMENTAL MAXIMUM READ RANGES FOR THE TWO TYPES

OF IMPLANT AT 868 MHz WHEN THE READER PROVIDE ITS

ANTENNA WITH 1 W INPUT POWER

(MDL = 14 dB in both EU and US bands) for the rod
implanted close to the skin and by using a closer (d = 5 cm)
interrogator. In both cases, measurements are in reasonable
agreement with simulations, even if a mutual frequency shift
is apparent and is probably due to the approximate knowledge
of the real parameters of the used biologic materials and on
the imperfection in the manual fabrication of the prototype.

The transducer power gains for the two configurations
evaluated at the European and US frequencies are shown in
Tab.I. The values are of the same order (−40 to −30 dB)
of those found in [16] for a square loop tag that was simply
placed on the lateral surface of a cow bone enveloped by an
aluminum sheet.

In a second experimental session, the angular dependency
of the RFID link was evaluated by moving the antenna of
the reader around the phantom at a fixed 5 cm distance
from its surface, when the PST was still implanted as shown
in Fig. 10b). The resulting angular read region (Fig. 13) was
centered around the notch {−45° ≤ ϕ ≤ 45°) while the pros-
thesis was fully unreachable when interrogated from the lateral
and rear sides. This result is in agreement with the simulated
near field plot of Fig. 6.

We finally evaluated the maximum reading distances from
the cylinder surface to the PIFA antenna (Tab.II) for both
the two considered configurations. The reader emitted a fixed
30 dBmW power at 868 MHz and the interrogating antenna
was hence moved away from the phantom until the chip

stopped responding. In both the cases such distances could
permit a comfortable interrogation by an hand-held antenna
which an operator moves around the limb. In the more
favorable case of tibial nail, the larger distance could be even
compatible with an automatic reading through a gate-like set-
up when the user is moving for instance inside his domestic
environment.

VI. CONCLUSION

The main achievement of this paper is the demonstration
that a prosthetic with cylindrical body may be hacked with
minimal mechanical changes to obtain transcutaneous commu-
nication capability with an external UHF-RFID interrogating
module up to a distance of some tents of centimeters. The
strong power absorption of the human tissues makes the radi-
ation mechanism rather local so that more than a single notch
could in principle be integrated into a same long prosthesis,
so enabling a few spatial diversity in the monitoring of the
prosthesis status.

As discussed in [16], the interrogation of the tag inside
the prosthesis by external electromagnetic waves can be
considered fully compliant with the exposure standards.
In particular, by assuming the extreme case of a reader’s
antenna (a PIFA) placed at 5cm from the skin and contin-
uously (duty cycle=1) radiating 3.2 W EIRP (the maximum
power allowed in Europe,) the estimated Specific Absorption
Rate (SAR) weighted on 10 g (as required by standards) was
SAR(10)<0.25 W/Kg that is only a small fraction of the
maximum allowed level (SAR<4 W/Kg).

The achieved results encourage the experimentation
with the new-generation of sensor-oriented RFID microchips
for the direct measurement of mechanical stress and of the
local temperature with great potentiality of detection of early
inflammatory or stressful events.
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