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Abstract—A hip implant can be equipped with sensors and
microelectronics forming a wireless communication link between
the implant and an on-body sensor to collect continuous data
or provide real-time feedback. Since the implant is positioned
in a heavily RF hostile environment, the antenna is one of the
most critical parts of the system design. Here, an antenna to
be located on a femoral stem is presented as well as an onbody sensor antenna completing the RF link. Initial simulations
demonstrate promising results with good link quality.

I. I NTRODUCTION
Medical Body Area Networks (MBAN) form three types
of communication links: in-body, on-body and off body
[1]. In-body links are the links formed to communicate
with an implanted device collecting continuous data or
provide real-time feedback [2]. Antenna design is one of the
most challenging tasks to realize an in-body link since the
implanted antennas should be small, bio-compatible and able
to operate in a highly lossy and variable environment. The
surrounding environment of the implant is subjective, changes
with time and affects the characteristics of the antenna such
as efficiency and impedance matching [3]. The matching of
the antenna has a direct effect on the link quality and the
battery life of the system.
Hip implant is one of the many orthopaedic implants
which can greatly benefit from an RF link. Over 70,000
hip replacements are performed in England every year and
it is estimated to increase with the ageing population [4].
Although a modern artificial hip joint is designed to last
for long periods of time, 1 in 10 of these hip replacement
surgeries are estimated to require revision surgery within the
lifetime of the patient. At the moment,the performance of the
implant is not monitored and the failure is detected by the
onset of pain which most of the time is due to irreversible
damage. If the loosening of the joint, wear and tear, and the
temperature changes are detected by continuous monitoring,
post-operative process can be improved and precautions can
be taken to avoid the revision surgery.
The high magnetic near fields are less susceptible to dissipation in human body since human tissues have no magnetic
00
losses (µr = 0). Therefore magnetic antennas, including the
slot antenna investigated in this study, are more suitable for
implanting in the body [5] [6]. Here a cavity backed slot
antenna with an insulating layer embedded on a femoral
stem coated with a bio-compatible material is presented. An
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Fig. 1: A diagram (a) and a photo (b) of a femoral stem [7]
on-body antenna operating at 2.4 GHz ISM band is also
included in the simulations to complete the RF link. A layered
numerical hip phantom is used to asses the performance of the
system.
The implant antenna design will be detailed in Section II.
The in-body communication scenario with an implant antenna,
an on-body antenna and a layered numerical hip phantom is
simulated in Section III. The paper concludes with Section IV.
II. A NTENNA D ESIGN
A cavity backed slot antenna located on a femoral stem is
designed. A standard collarless stem is modelled according
to the dimensions given in [7]. Size 8 is chosen for the
simulations where A = 95 mm, B = 38 mm, C = 38.5
mm, D = 1350 of Figure 1. The stem is chosen to be Perfect
Electric Conductor (PEC). The femoral head is zirconiatoughened, platelet-reinforced alumina ceramic (ZPTA) containing approx. 74% alumina and 25% zirconia [8]. The
electrical properties of the femoral head is taken as r = 12.4
and tanσ = 0.0005 [9].
Conventionally a slot is etched onto one face of a
rectangular or a cylindrical metallic cavity in order to form a
cavity backed slot. There are some examples of slot antennas
where the slot is etched on multiple surfaces of the cavity as
described in [12] and [11]. In [11] multiple half wavelength
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Fig. 3: The design flow followed during the optimization of
the antenna parameters
(a) Implantable cornered shallow cavity backed slot antenna layout

(b) Implanted antenna located on the hip stem

Fig. 2: Implant antenna

slots were etched onto multiple faces of a cuboid cavity
and they are activated or deactivated in order to reconfigure
the pattern. In [12], a long multiple wavelength slot was
etched onto multiple faces of a cuboid. The aim is again to
reconfigure the pattern. Both of these antennas have bulky
cubic cavities. Here the aim is to miniaturize the structure so
that it is suitable for implanting. Therefore a half wavelength
slot is meandered on multiple faces of a shallow cavity
as seen in Figure 2. It differs from the literature not only
because it is a resonant slot on multiple faces of a cavity, but
also because the cavity here is a 3D shallow cavity which,
is formed by uniting 3 perpendicular dielectric blocks. The
cavity is not resonant at the operating band and the lowest
cavity mode occurs at 3.66 GHz. From here on this cavity is
referred to as a shallow cornered cavity here. This is useful
especially when the space is restricted and isolation is needed

Fig. 4: The antenna located in Ansys Human Body Phantom
on the Corail hip stem model

between the antenna and the structure it is located on, in
this case the stem. It saves a lot of space for the rest of the
electronics as well.
The slots are excited by a suspended stripline which
is sandwiched between the walls of the cavity and it is
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body separation is changed from 8 cm to 14 cm. The results
are promising as the receive sensitivity of a TelosB Mote [13],
an off-the-shelf wireless sensor is -90 dBm.
IV. C ONCLUSION
A 3D slot antenna suitable for using on a smart hip implant
is proposed here. The antenna is isolated from the backing
stem by a conformal shallow cavity. It is miniaturized using
meandering, slit loading as well as dielectric loading. The
antenna is optimized using Ansys Electronics Desktop and
Ansys Human Body Phantom. It achieves large bandwidth and
the transmission coefficients measured are promising for the
realization of a smart hip implant.
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