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This study presents a numerical analysis of the specific absorption rate in a head
model exposed to electromagnetic fields when a real implant retained prosthetic
ear is attached to the side of the head. A set of dipole antennas operating at 900
MHz, 1800 MHz and 2100 MHz were rotated to investigate the effect of
frequency and polarisation. The maximum average 1 g and 10 g SAR have been
presented to show the relative enhancement factor of the implant. A comparison
of the mass averaged SAR in the head with the implanted ear prosthesis shows
the 1 g SAR is doubled at 900 MHz and 1800 MHz with different polarisations.
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1. Introduction

A wide variety of metal implants and reconstructive plates are used in head and neck
reconstruction, but the close proximity of mobile phones to the ear makes the case of
implant retained auricular prostheses particularly relevant to the effects of RF radiation.
Loss of the external ear (the pinna) due to congenital abnormality, trauma, road
accidents or cancer can be treated by reconstructive plastic surgery but many patients
require or prefer prosthetic rehabilitation. Prosthetic ears may be retained by adhesives
or mechanical means (attached to spectacle arms for example) but the gold standard
treatment is osseointegrated implant retained prosthesis. Osseointegration involves

inserting Titanium screws into bone. The bone grows around the implant resulting in a



secure, load bearing implant that can support prostheses. Initially this was used in oral
surgery to support dentures, but has since become commonly used in maxillofacial
rehabilitation [1] .In maxillofacial prosthetics the implants are exposed through the skin
using abutments. Typically, a number of implants are used to secure a prosthesis with a
metal bar being attached to the implants. For auricular cases two implants of around 4
mm in length are usually used. The ideal position of the implants is shown in Figure 1.
A visual explanation of the implant procedure can be found in [2]. A typical prosthetic
ear consists of a rigid substructure made from acrylic and a silicone rubber prosthetic
ear form. The ear form is moulded from colour matched silicone rubber incorporating
the substructure. The substructure has metal clips embedded into it that attach the
prosthesis to the bar. The implants and abutments are made from Titanium but the bar is
typically made from gold alloy to avoid allergic reactions but other inert metals can be
used. The bar and prosthesis is custom made for each individual patient by
Maxillofacial Prosthetists and so each prosthetic will be unique however, the general
arrangement is similar in most cases and the example used in this paper can be
considered typical. It should be noted that these procedures are cosmetic and the patient

can still hear with the damaged ear.

Figure 1. Ideal implant sites relative to the ear anatomy.



There is public concern over the potential health risks due to exposure of radio
frequency (RF) waves from devices like mobile phones. It is hypothesized that the
metallic implants in the head could increase the local specific absorption rate (SAR).
Previous research proved the coupling of electromagnetic (EM) field emitted by mobile
phones with passive implant in the human body might cause notable enhancement in RF
absorption under certain exposure conditions [3]-[20]. Parametric studies on metallic
pins conducted in [21]-[23] verified that metallic pins that are approximately half a
wavelength long, increased the SAR. In Virtanen’s research [16] as the results of simple
metallic models such as pins and rings implanted in the superficial layers of human
body near to the mobile phone enhanced the SAR. Cooper’s initial study [20] concludes
that the value of RF absorption within a homogeneous head was significantly increased
with the presence of metallic implants. Geometric representations of tongue piercings
and dental braces have been considered in [24]. While previous papers have considered
geometric shapes, this paper uses a 3D real implant shape.

A fundamental metric for specifying RF absorption by tissues is the SAR which

can be calculated at any location in the tissue from the electric field (E):

sAR=2EL
p

1)

where ¢ the conductivity (S/m), p is the mass density (kg/m3), and E is expressed in
root mean square (rms) value (V/m). The units are expressed as power absorbed per unit
mass (W/kg). A recommendation from International Commission on Non-lonizing
Radiation Protection (ICNIRP) that the SAR should be averaged over 10 gram mass
(SAR10¢) and be less than 2 W/kg [25]. The Institute of Electrical and Electronics
Engineers (IEEE) has sets a slightly stricter limit value (1.6 W/kg for SAR4 for general

public) [26].



It is hypothesized that SAR levels might increase at certain angles of incidence
and frequency when the resonant frequency matches the length of the implant and is
parallel with the excitation. This numerical study analysed the effect in homogenous
head model. The main objective is to compare the levels of SAR with and without the

implant, depending on the incident frequency and the angle of RF source.

2. MATERIALS AND METHOD

2.1. Simulations and RF Exposure

The modelling and the calculations of EM fields were carried out using Computer
Simulation Technology Microwave Studio (CST MWS). This software was run on a
Dell Precision T5500 workstation, it accommodated with 6-core Intel Xeon X5506
series using 48GB memory. The SAR was calculated after the simulation completed
using Time Domain Solver (TDM). The reference power defined as output power at 1
W (rms) using the IEEE/IEC 62704-1 averaging method. A density of 1 g/cm™ used to
represent the head tissue density. Thus, cubic averaging volume shall be with side
dimensions of 1.0 cm and 2.2 cm for 1 g cube and 10 g cube, respectively.

This paper aims to isolate the relative effect of the implant with different
frequencies and polarisations. There are many different RF sources with different
antennas positioned at different angles. Therefore, dipole antennas were used in this
paper as a standardized source with a single polarisation. This in turn allows clear
analysis of the behaviour of the implant. Three antennas were considered for the 900,
1800 and 2100 MHz frequencies. The antenna feed point located in a 1 mm air gap

between the dipole halves constructed using perfect electric conductors (PEC).



2.2. Verification of the Simulation

In this verification section, the simulation methodology was validated by replicating the
results obtained by Kawai [27]. A half-wave 900 MHz dipole antenna, a 200 mm cubic
and a spherical head model were simulated. The characteristics of the head model are as
follows: the electrical properties at 900 MHz are the relative permittivity er = 41.5, the
electrical conductivity 6 = 0.97 S/m, and the density p = 1000 kg/m® [27]. The SAR is
normalized to 1 Watt output. Table 1 shows, the simulated results of the present study

provide a good agreement with the simulated results obtained from Kawai.

Table 1. Comparison of the calculated peak SAR1oq With Kawai for the geometric head
models.

Head model Kawai [27] Present study
Cube 6.76 6.69
Sphere 6.31 6.36

2.3. Head Phantom

The head phantom used in this paper was the Specific Anthropomorphic Mannequin
(SAM) phantom head. This is the standard head for SAR investigations. This human
head shaped phantom has a shell filled with a tissue simulating liquid (TSL) which
represents the average dielectric properties of the human head. Its outer shell has a fixed
relative permittivity of 3.7 with an electrical conductivity of 0.00016 S/m. Table 2

shows the permittivity and conductivity of the TSL.

Table 2. The dielectric properties of TSL.

Frequency (MHz) Relative Permitivity Electrical Condutivity (S/m)
900 41.5 0.97
1800 40.0 1.40

2100 39.8 1.49




2.4. Ear Implantation

For modelling, metallic bar constructed for patients will be located in the head at
appropriate ear region. Its exact location is relative to the antihelix of the ear (just inside
where the natural ear attaches to the head). Generally, this bar acts as the main support
structure for ear prosthesis and as a connector to the clips attached in the prosthesis. The
metal screws, abutments and metallic bar are shown in Figure 2. The dimensions of the
implant are as follows: a=9.0 mm; b =7.6 mm; ¢ =12.0 mm; d =8.4 mm; e = 6.0 mm
and f = 3.0 mm.

In real clinical situations, the bar is made of gold. This bar was implanted or
screwed 3 to 4 mm into the bone through the skin and positioned outside of the human
tissue. There is a gap between the bar and the tissue approximately 3 mm. The silicone
ear will be clipped onto the bar; the clips are embedded in a rigid plastic which is in turn
are embedded in the silicone rubber ear.

In this paper, the metallic bar was simulated as a PEC. Previous research by the
authors has shown that the actual conductivity value of a highly conducting metal shape
has negligible effect. The 4mm thick pinna of the SAM phantom head’s shell was used
to represent the silicone (or plastic) as the shape and electrical properties of the material
were very similar. Figure 3 shows the location of the bar in the ear region covered with
flat phantom’s ear, while the screws and the abutments were inside the TSL. Figure 4
shows the view of the implant positioned relative to the SAM head. Note that all of the

SAR simulations were performed with the dipole 5mm from the ear.



(a) (b)

Figure 4. The SAM phantom head with implanted metallic bar at (a) side view and (b)
front.



3. RESULTS AND DISCUSSION

In order to study the effects of the metallic implant, the maximum mass averaged SAR;q
and SARjqq in the head with and without implant was investigated at the frequency of
900 MHz, 1800 MHz and 2100 MHz. Initially, the dipole antenna was placed parallel to
the z-axis and rotated clockwise from 0° (vertical) to 180° in steps of 5° (and 90° is
parallel to the y-axis). The variations of dipole angle were to investigate the worst case
situation. All the implant’s parameters including location, size and material were fixed
throughout this paper. The output power defined as 1 W.

Figure 5 (a) and (b) compares the 900 MHz results for SAR1g and SAR1q
respectively. The peak of the averaged SAR;y was at 175° with the implant. However,
from 65° to 120° the implant has little effect on the mass averaged SAR. The SAR;q
with the implant was increased from 0° to 60° and from 125° to 180°. Meanwhile, in
Figure 5 (b) the comparison SAR104 Shows only small differences in the level of SAR.

The results of the correlation for 1800 MHz exposure for both maximum SAR4
and SAR1oq are summarised in Figure 6 (a) and (b). Specifically, there was significant
higher SAR4 from 130° to 145° with the implant. While the variation in the maximum
SAR1og With the implant was less significant.

Figure 7 (a) and (b) shows insignificant SAR level changes at 2100 MHz with
the implant as it was not of a resonant length. The SAR reduction mechanism is not
implemented on present investigation.

Figure 8 shows a local enhancement in the SAR near the implant with dipole
aligned at 0° which explains the increased SAR1q results. The figure also shows that
there is little change over a larger area, for example, in the SAR104 Where the averaging

size is approximately 2.2 cm.
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Figure 5. The maximum (a) SARy4 and (b) SAR1q as a function of dipole’s rotation
angle at 900 MHz.
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Figure 6. The maximum (a) SARy4 and (b) SAR1qq as a function of dipole’s rotation

angle at 1800 MHz.
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Figure 7. The maximum (a) SARyq and (b) SAR1q as a function of dipole’s rotation
angle at 2100 MHz for with and without implant.
It should be noted that this paper has quantified the relative enhancement factor
of the implant. The SAR values with the dipole source are higher than allowed in the
standards. This is partly due to the excitation being a continuous wave and the duty

factor has not been considered, whereas other papers consider this and normalised to

0.125 W instead of 1 W as simulated in this paper.



(b)

Figure 8. Distribution of local SAR through x-y axis at 900 MHz for the head (a) with
and (b) without implant.

4. CONCLUSIONS

This paper has shown how the frequency and polarisation affect the SAR in the head
due to a real metal implant. At 900 MHz, the implant doubled the SARyq in the head

when the dipole was vertical. The SARy4 was approximately doubled at 145 degrees at



1800 MHz, however, there was little affect at 2100 MHz for all polarisations. This
indicates the different sections of the implant resonate depending on the frequency and
polarisation. These results demonstrate that this real implant is a complex scattering
element. The implant focuses and reflects the incident RF energy. The half wavelength
size is 16 cm at 900 MHz and 8 cm at 1800 MHz. Note these lengths must be scaled by
the square root of the permittivity of the shell. The nearby tissue of the head will also
have a secondary dielectric loading effect. The relative enhancement on the SAR1qq due
to the implant was much smaller. The SAR distribution figures show that the increase in
the SAR due to the metallic implant is extremely local to the implant. This explains the
change in the SARy4 (which is averaged over an averaging volume with side length ~
1cm) and the much smaller changes to thejog SAR (which is averaged over an averaging
volume with approximately 2.2 cm side length). This study is confined to the analysis of
near-field RF exposure. Future work will extend this study to plane wave studies for far-

field RF exposures such as might be experienced by RF workers.
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