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Abstract

Osteoporosis is one of the most common diseases that leads to bone fractures. Dual energy X-ray
absorptiometry is currently employed to measure the bone mineral density and to diagnose
osteoporosis. Alternatively, the dielectric properties of bones are found to be influenced by bone
mineral density; hence dielectric properties of bones may potentially be used to diagnose
osteoporosis. Microwave tomographic imaging is currently in development to potentially measure in
vivo dielectric properties of bone. Therefore, the focus of this work is to summarize all available
dielectric data of bone in the microwave frequency range, and analyse the confounders that may have
resulted in variations in reported data. This study also compares the relationship between the dielectric
properties and bone quality reported across different studies. The review suggests that variations exist
in the dielectric properties of bone and the relationship between bone volume fraction and dielectric
properties is in agreement across all studies. Conversely, the evidence of a relationship between bone
mineral density and dielectric properties is inconsistent across the studies. This summary of dielectric
data of bone along with a comparison of the relationship between the dielectric properties and bone
quality will accelerate the development of microwave tomographic imaging devices for the
monitoring of osteoporosis.
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1. Introduction

Osteoporosis, characterized as low bone mass, causes continuous systematic deterioration of the
trabecular bone structure and leads to bone-fragility and fractures [34]. According to the Irish
osteoporosis society guidelines published in 2012, approximately 300,000 Irish people aged above 50
years suffer from osteoporosis. If the same trends continue, then the expected cost for the treatment of
osteoporosis will rise to €1,587- €2,043 million per annum by 2030 in Ireland. The report further
states that in the EU, a hip fracture is reported every 30 seconds approximately, with about 1700
fractures reported per day; moreover, this number is expected to double by 2050. In the US,
osteoporosis is considered the most commonly-encountered bone disease [14]. Almost 50% of
American women and 25% of men over 50 years of age, have an osteoporosis-related bone fracture
and around 43.6 million suffer from osteopenia, a precursor to osteoporosis [22]. Approximately two
million osteoporotic fractures are reported in a year resulting into 432,000 hospital admissions in US

[5].

From an anatomical perspective, bones typically have a hard, compact exterior layer called
cortical bone and a less dense, spongy interior called trabecular bone, with the latter more prone to
osteoporotic fractures as a result of this histological makeup and location [22]. The bone anatomy is
shown in Figure 1. The majority of the fractures occur in the hip, with other sites including the spine
and wrist. Hip fractures account for 72% of fracture costs [3] and 24% of the fracture related mortality
rate [22]. Due to an aging population, the cost spent on osteoporosis by 2025 will be around $25.3
billion [2].

Demineralization of the bones is considered to be the major cause of osteoporosis [3].
Osteoporosis results from a continuous systematic loss of trabecular bone structure, making bones
increasingly porous. Currently, bone mineral density (BMD) is used as the key clinical indicator for
diagnosing osteoporosis [23]. Dual energy X-ray absorptiometry (DXA) is used as the standard
modality used in clinics for the diagnosis of osteoporosis [16]. DXA calculates the BMD of central
bone sites (hip, lumbar spine) and also peripheral sites (heel, distal forearm), and maps to a “T-score”,
which is the difference between the BMD of the patient and the mean BMD of a healthy person with
peak bone mass [5]. DXA offers an insight into BMD but does not provide information on the
structure and biology of the trabecular bone pattern which are also considered key indicators for
diagnosing osteoporosis; hence using bone mineral density solely for clinical care of overall fracture



risk has limitations [35]. The DXA scan uses standard X-ray doses, therefore frequent DXA scans are
associated with long term health risks [17].

Alternative technologies include Quantitative Ultrasound (QUS) and Quantitative Computed
Tomography (QCT). In QUS, the speed of sound and broadband attenuation in the patient’s bone is
observed, to estimate bone mass. The QUS technique was developed for bone imaging due to low
health risks, since it is non-invasive technique and does not use ionizing radiation. However, this
technique has not been well adopted by the clinicians because QUS is unable to penetrate through
bone, and hence the bone mass was measured only by considering the outer bone surface [22]. The
QCT measures volumetric bone mineral density (g/cm®) and measures BMD of trabecular bones
separately from cortical bone, and is therefore less prone to soft tissue errors [16]. QCT is rarely used
in clinical practice settings due to the high intensity doses of X-ray required, expensive equipment,
poor availability and cost of test [16].

Apart from BMD, the quality of bone and fracture risk can also be well characterized by bone
volume fraction (BVF = Bone Volume/Total Sample Volume) [10]. BVF explains the micro-structure
of bone and its relationship to biomechanic response. Since the strength of trabecular bone pattern is
signifcantly effected by osteoporosis, BVF can be used to analyse the variation in bone strength [20].
Although BVF is clinically not considered for osteoporosis monitoring, a number of studies have
suggested that BVF should be considered as a potential indicator of osteoporosis [10].

The dielectric properties (namely the relative permittivity and conductivity) of biological tissues
characterise the interaction of electromagnetic (EM) waves with the tissue. Recent studies have
suggested a significant correlation between the dielectric properties of bone and the corresponding
BMD [9, 10, 12, 17, 18, 32]. Therefore, dielectric properties may be used to measure BMD for the
diagnosis of osteoporosis. Dielectric properties are also important parameters in the development of
novel EM diagnostic and therapeutic medical devices for various other diseases [26], such as time-
domain microwave radar for breast health monitoring [25], microwave ablation for treating liver,
lung, kidney, bone and adrenal tumours [1] and microwave hyperthermia for breast cancer treatment
[21]. These dielectric properties of various biological tissues have been widely studied and reported in
the literature, starting from early studies reported by [30] describing radio frequency (RF) field
interactions with biological tissues. Comprehensive studies have been reported examining the
behaviour of different biological tissues in relation to their dielectric properties [6, 29, 31]. Some
studies have reported the dielectric properties of human tissues, while others have reported these
dielectric properties for animal tissues. While dielectric data for majority of tissues is available, major
variations are observed in dielectric data of key tissues such as breast. These variations are attributed
to various confounders, and emphasize the challenge in measuring heterogeneous tissues. One of
those challenging heterogeneous tissue is bone.

Fig. 1 Anatomical structure of bone

The human skeleton overall is composed of cortical and trabecular bone, in a ratio of 80:20
respectively [24]. The ratio of cortical and trabecular bone varies depending upon the anatomical site
of body [4]. In Figure 1 the epiphysis (head) and start of the diaphysis (shaft) of a typical long bone is
shown. Cortical bone has a dense and solid structure and forms the exterior of the bone. Trabecular
bone with its characteristic honeycomb structure is prevalent in the epiphysis but does extend into the
diaphysis underneath the cortex and surrounds the medullary (marrow) cavity. The metaphysis is the
area between the head and shaft and contains the epiphyseal plate, which is the area where new bone
tissues originate early in life with this area later ossifying. The structure of trabecular bone is weak,
highly inhomogeneous and anisotropic as compared to cortical bone, and it is scattered in bone
marrow [4, 33].



A number of studies have been performed to measure the dielectric properties of bones in both the
low frequency range [3, 4, 8, 13, 19, 27, 28, 32, 36, 37] and in the microwave frequency range [6, 9,
10, 12, 15, 17, 18, 24]. While some of these studies only measured the dielectric properties of bone,
some studies also investigated the relationship between the bone quality and dielectric properties.
However, these studies are often limited in terms of number of bone samples and the range of BMD
of bone samples examined, and do not provide a definite quantitative relationship between the BMD
and dielectric properties. Additionally, these studies differ in terms of measurement techniques,
location of bone sample source, type of bones, and bone sample preparation methods. Each of these
factors can influence the measured dielectric properties. Despite the importance of the dielectric
properties of the bone and their relationship to the bone quality for the diagnosis of osteoporosis, no
comprehensive review has been reported in the literature that compares and contrasts various
differences in these studies. The quantitative relationship between dielectric properties of bone and
BMD can potentially be exploited to develop a microwave tomography based imaging device for the
monitoring of osteoporosis. Microwave tomography imaging (MTI) has been previously used to
measure in vivo dielectric properties of the breast, and it has been recently proposed to measure the
dielectric properties of the calcaneus bone for monitoring of osteoporosis [7, 11, 17, 18]. However,
the development of such a medical device requires reliable data that establishes a definitive
correlation between dielectric properties and bone quality.

The objective of this study is to present a comprehensive review of historical studies that have
investigated the dielectric properties of bone, and the relationship between the dielectric properties of
bone and the bone quality in the microwave frequency range. This review includes a detailed analysis
on all previous in vitro and in vivo dielectric studies of bones and a summary of evidence of a
relationship between bone quality and dielectric properties. The comparison is performed across
study type (in vivo or in vitro), frequency range, source of bone sample, bone type (cortical/
trabecular), and measurement technique.

The remainder of this paper is organized as follows: Section 2 presents the methods involved to
review all studies on the dielectric properties of bone; Section 3 presents a summary of reported
dielectric properties of bones and investigates the relationship between bone quality and dielectric
properties; Section 4 presents a discussion on the comparison of results from different studies,
analyses the variation in dielectric properties between different studies, and the variation of dielectric
properties due to BMD and BVF; and finally, a conclusion is presented in Section 5.

2. Methods

Seven studies on dielectric properties of bone ranging from 1992-2014 are reviewed in this study.
The inclusion criteria were based on studies evaluating dielectric properties of bones and the
interrelationship between bone dielectric properties and bone quality across the microwave frequency
range. Six of the studies investigated in vitro dielectric properties of bones and one study analysed in
vivo dielectric properties of bones. The source of bone samples in all studies varied from each other.
Two studies reported dielectric properties of bovine bone samples, three studies reported the same for
porcine bone samples, and two studies reported these properties for human bone samples. The
techniques employed to measure the dielectric properties of bones also varied across the different
studies. Three studies used open-ended coaxial probes (OECL) along with a vector network analyser,
two studies employed microwave tomography imaging system, and two studies used thin cell time
domain spectroscopy in order to acquire dielectric properties. The study reference, study type,
frequency range, source of bone sample, and measurement technique of each reviewed study are
tabulated in Table 1.

Table 1. Comparative description of reported studies

¢ = relative permittivity; ¢ = conductivity; IA=Impedance Analyser



3. Results

This section reviews all studies that have investigated the dielectric properties of bones in
chronological order, along with studies that have examined the relationship between the dielectric
properties and the bone quality (in terms of both BMD and BVF) in the microwave frequency range.

In 1992, Ivancich et al. examined the (in vitro) dielectric properties of water saturated cortical
bone in both a natural (untreated) and demineralized state across the frequency range of 10 MHz-1.3
GHz using time domain spectroscopy [12]. The bone sample was taken from an adult bovine tibia and
only one tibia was used for measurements. This study found that the relative permittivity for
demineralized cortical bones is significantly higher than the relative permittivity of natural bones.
Since the BMD of demineralized bone is less than that of natural bone, the study suggests a negative
correlation between BMD and relative permittivity. The relative permittivity values are shown in
Figure 2. This study did not report conductivity results and demineralization levels were not
guantified in terms of the BMD.

Fig. 2 Permittivity for normal and demineralized bone samples [12]

Next, in 1996, Gabriel et al. examined the (in vitro) dielectric properties of cortical and
trabecular bone across the frequency range of 10 Hz—20 GHz, with impedance and network analysers
and OECL probes [6]. The bone samples were porcine in origin and the sample size was not specified
in the paper. The permittivity and conductivity values are shown in Figure 3. It was observed in this
study that the dielectric properties of trabecular bone are higher than those of cortical bone over the
observed frequency range. This study only measured the dielectric properties of porcine cortical and
trabecular bone samples and did not investigate relationship between dielectric properties and BMD.

Fig. 3 Permittivity and Conductivity for porcine cortical bone sample [6]. The dielectric properties of trabecular
bone samples are higher than cortical bone samples

In 2009, Peyman et al. examined the (in vitro) dielectric properties of cortical bone samples
across the frequency range of 50 MHz-20 GHz, using OECL probes and a network analyser. The
bones were acquired from porcine models of three different ages (and therefore had an animal sample
size of 3) [24]. This aim of the study was to examine the variation of dielectric properties of tissue
with age. The dielectric properties were reported for only four frequency points (450 MHz, 900 MHz,
1800 MHz, and 2400 MHz) and are shown in Figure 4. Variations in dielectric properties with age
were observed over the microwave frequency range, due to the reduction of water content in tissues
[24]. The dielectric properties of porcine cortical bone decreased significantly as function the animals’
age.

This result suggests a negative correlation between dielectric properties and aging. As BMD
also decreases as function of age, a positive correlation between BMD and dielectric properties is
suggested by this study.

Limitations of this study included that measurements were performed for only four frequency
points, and the BMD of bone samples was not explicitly quantified within the study. The dielectric
properties were reported against the normal demineralization process of aging; hence no quantitative
relationship can be established between dielectric properties and BMD levels.

Fig. 4 Permittivity and conductivity of ageing porcine tissues at selected frequencies [24]. The dielectric
properties reduce as the age increases

In 2011, Irastorza et al. examined the (in vitro) dielectric properties of fluid saturated
trabecular and cortical bone from bovine animal models across the frequency range of 80 MHz-1
GHz, using time domain spectroscopy. The trabecular bone samples were acquired from the femoral
condyle and femoral groove, whereas the cortical samples were acquired from the diaphysis of the
femur. The number of samples examined was two [9]. The study was performed on natural and
demineralized bone samples. It was observed from these measurements that the relative permittivity



for both trabecular and cortical bone samples was lower for natural bone samples compared to
demineralized samples, as shown in Table 2.

Echoing the results of Ivancich et al., this study suggests a negative correlation between BMD
and relative permittivity. The authors in this study did not report the exact BMD values of both
natural and demineralized bone samples. The relative permittivity values for each sample in their
natural and demineralized state is expressed at different frequencies also. No result was reported for
the conductivity values of demineralized bone samples.

Table 2. Measurements on cortical and trabecular bone discs [9]

More recently, in 2012 Meaney et al. examined the (ex vivo) dielectric properties of trabecular
bone submerged in a 0.9% saline solution over the frequency range of 900-1300 MHz, using a
microwave tomography imaging (MTI) system. The bone sample was taken from a single porcine
femur [18]. The study investigated the effect of bone demineralization on dielectric properties. The
bone sample was demineralized between successive microwave scans using an acid treatment. The
dielectric properties of the demineralized bones after each microwave scan were acquired from 2-D
reconstructed microwave images, as shown in Figure 5. A decreasing trend of values was observed in
both permittivity and conductivity plotted against BVF as shown in Figure 11. Once again, a negative
correlation between bone mineralization and dielectric properties was observed, as shown in Figure 6.
However, the study suggested that such experiments should be performed on in vivo or fresh bones to
investigate the effect of blood vessels and marrow on dielectric properties that are found in the pores
of bones. In this study, the variation in dielectric properties against the percentage change of
mineralization level was presented, but again the BMD was not measured. Secondly, only one bone
sample was considered for dielectric property measurement; hence the sample size was insufficient to
draw any definite relationship between mineralization level of the bone sample and dielectric
properties.

Fig. 5 Reconstructed permittivity images (left) of the (a) 1%, (b) 2", and (c) 5" microwave scan of a saline-
saturated bone specimen in a test tube at 1100 MHz, respectively. The images on the right are the corresponding
conductivity images (from [18]). The dielectric properties are increasing as the mineralization level of bones is
decreasing after each microwave scan

Fig. 6 Relationship between the relative permittivity (top) and conductivity (bottom) with bone mineral density
[18]. Negative correlation between dielectric properties and BMD

In 2012, Meaney et al. also examined the (in vivo) dielectric properties of the human
calcaneus (heel) bone across the frequency range of 900-1700 MHz with a step size of 200 MHz,
using the MTI system. The study was performed using two patients [17]. Figure 7(a, b) represent the
soft-prior permittivity (top) and conductivity (bottom) reconstructed images for the first plane of the
left and right heels of Patient 1 and Patient 2 respectively at 1300 MHz. The BMD values were
acquired from quantitative ultrasound densitometry. It can be observed from Figures 7(a) and 7(b) that
the dielectric properties of normal heel bone have lower values when compared to the values of
affected heel bone.

Since the affected heel bone (with a low level of mineralization) has high dielectric properties
relative to those of the normal heel bone (which has a high level of mineralization), a negative
correlation between bone mineralization and dielectric properties was once again observed. The
dielectric properties against BMD are tabulated in Table 3. The study only considered two patients
and measurements were performed at only one frequency. Therefore, while it reinforces the results of
a number of historical dielectric studies, again no definite correlation between dielectric properties
and BMD can be established from these results and further studies are required.

Fig. 7(a) 1300 MHz relative permittivity (top) and conductivity (bottom) soft-prior images for the first plane of
the left and right heels of patient 1, respectively, (b) 1300 MHz permittivity (top) and conductivity (bottom)
soft-prior images for the first plane of the left and right heels of patient 2, respectively (from [17]). Affected heel
bone has higher dielectric properties compared to normal heel bone. For Fig. 7, IEEE LICENSE received.
License Number 4294280048384.



Table 3. Dielectric Properties against BMD values of two patients [17]

Patient Foot Ultrasou Relative % Conductivity %
nd BMD | Permittivity difference (S/m) difference
1 Affected 0.699 13.6 8.4% 0.84 45.2%
Normal 0.773 12.5 0.53
2 Affected 0.354 16.7 21.1% 0.92 13.9%
Normal 0.311 13.5 0.80

The %difference is between affected and normal feet values of relative permittivity and conductivity.

Irastorza et al. in 2014, examined the (in vitro) dielectric properties of trabecular bone across
the frequency range of 100-1300 MHz, using OECL probes, a network analyser, and time domain
reflectometer [10]. The bone samples were taken from the femoral heads of patients that had
undergone total hip replacement, with the mean patient age being 80.7 years. The sample size was six,
and therefore six femoral heads were obtained from surgeries. In this study, the authors found a
negative correlation between BVF and the dielectric properties. Figure 8 represents permittivity and
conductivity profiles for the trabecular bone samples. The results obtained both from experiments and
simulations showed a significant linear negative correlation between BVF and dielectric properties.
The higher the BVF, the lower the dielectric properties. However, the authors did not report any
relationship between dielectric properties and BMD.

Fig. 8 Mean value of relative permittivity and conductivity [10]

4. Discussion

This section reviews; the variations in dielectric properties of bones for both trabecular and
cortical bones samples, the relationship between bone dielectric properties and bone quality in terms
of BMD and BVF in the microwave frequency range.

4.1 Variations in dielectric properties of bones
This section discusses the variation of dielectric properties across the microwave frequency range

for all reported studies to date for both trabecular and cortical bone samples.

4.1.1 Variations in dielectric properties of trabecular bone

A comparison of the relative permittivity and conductivity of trabecular bone samples in
microwave frequency range is shown in Figure 9 (a) and (b) respectively. The comparative analysis
indicates that:

1. The dielectric properties of trabecular bone are of higher magnitude than those of cortical
bone.

2. The dielectric properties of trabecular bone from human femoral heads are much higher than
those of other species. The mean percent difference of relative permittivity between human
and bovine trabecular bone is 51.57%.

3. Variations in dielectric properties are observed for bone samples acquired from different
species: porcine, bovine, and human.

4. The conductivity profile of bones in the microwave frequency range also shows significant
differences between values reported for samples of porcine, bovine and human origin.

4.1.2 Variations in the reported dielectric properties of cortical bone



A comparison of the relative permittivity and conductivity of cortical bone samples in the
microwave frequency range is shown in Figure 9 (a) and (b) respectively. The comparative analysis
suggests:

1. There is a significant variation in the dielectric properties of bovine and porcine cortical bone.
However, this difference may be due to the bovine bone samples being saturated in water
during measurments. The mean percent difference of relative permittivity values between
bovine and porcine tissue is 17.46%.

2. Variations exist between the dielectric properties of porcine cortical bone reported in two
different studies. The variation in dielectric properties of porcine cortical bones between [6]
and [24] is likely due to the age difference of the porcine samples. The mean percent
difference of relative permittivity between both studies is 32.59%.

Fig. 9 Comparison of relative permittivity and conductivity from reported studies. The reported studies
exhibit variation in results; dielectric properties of trabecular bones are higher as compare to dielectric
properties of cortical bones

4.2 Evidence of a Relationship between the Dielectric Properties of Bone and Bone Quality

This section examines the evidence of a link between bone dielectric properties and BMD and
BVF, as a platform for new medical device development to potentially diagnose and monitor
osteoporosis.

4.2.1 Dielectric Properties variation with respect to Bone Volume Fraction
The variation of dielectric properties with respect to BVF is reported only by Meaney et al. in [18]
and Irastorza et al. in [10]. An analysis of these studies suggests the following:

1. There exists a negative correlation between BVF and dielectric properties (i.e., the higher the
BVF, the lower the dielectric properties).

2. The relative permittivity values of human trabecular bones [10] across different levels of BVF
are on average 38.25% higher than porcine trabecular bones [18].

3. In contrast to the relative permittivity, the conductivity values of porcine trabecular bones
[18] across BVF are higher (at 900 MHz and 1100 MHz) when compared to human trabecular
bones [10] . However, the trend is not consistent at 900 MHz, as the conductivity values of
porcine trabecular bone dropped closer to conductivity values of human trabecular bones.

Fig. 10 Relationship between relative permittivity and conductivity against BVF [10, 18]. The black
curves indicate dielectric properties of human and red curves indicate the same for porcine
trabecular bones

4.2.2 Relationship between Dielectric Properties and Bone Mineral Density

A total of five studies reported relationship of BMD and dielectric properties, three of which
involved animal bones and two involving human bones [9, 12, 17, 18, 24]. The comparative analysis
indicates the following:

1. Dielectric properties of bone appear to vary consistently with BMD.

2. Since it is widely known that BMD varies with age, based on point 1 above, dielectric
properties are also expected to vary with age.

3. Four of the five studies examined in this review reported a negative correlation between
dielectric properties and BMD, while one reported a positive correlation.



To summarize, Peyman et al. in [24] found that the dielectric properties reduce as a function of
age for porcine cortical bone samples. Since BMD also reduces as function of age, a positive
correlation between BMD and dielectric properties can be inferred. Peyman’s study did not report the
absolute BMD values, and hence no definite conclusion can be drawn. Irastorza et al. in [9] found
that the dielectric properties for both natural trabecular and cortical bone have lower values compared
to the demineralized state; hence a negative correlation is suggested. Meaney et al. in [18] found
negative correlation between mineralization levels and dielectric properties for a trabecular bone
sample from a porcine femur (lower the mineralization level higher the dielectric properties). BMD
values were not reported in this study and change of dielectric properties was expressed in terms of
percentage change of mineralization. In a separate study Meaney et al. [17] found a negative
correlation between BMD and dielectric properties for two human patients. As the sample size was
small, a more comprehensive study is required over large frequency range in order to quantify this
relationship. The relationship between BMD and dielectric properties for all frequency ranges is of
paramount importance for characterization of osteoporosis.

5. Conclusion

This work has provided the first comprehensive review of the dielectric properties of bones over
the microwave frequency range. The review has presented measurement techniques, variation of
dielectric properties of bones among reported studies and the also examined the variation in dielectric
properties with bone quality (BMD and BVF).

Based on review of all studies, the dielectric properties of trabecular bone samples are found to
be higher than those of cortical bone samples. Variations are observed in the dielectric properties
across all studies. All studies explaining variation of BVF against dielectric properties are well in
agreement with each other in that there is a negative correlation between them. However, the
magnitude of the variation between BVF and dielectric properties varies among these studies.

In contrast, the studies examining the relationship between BMD and dielectric properties found
contradictory results. Four studies have reported a negative correlation between BMD and the
dielectric properties; however, one study found a positive correlation. Hence, significant work is
required to establish the relationship between BMD and dielectric properties over a wide frequency
range; since BMD is considered as a key potential indicator for osteoporosis detection.
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Reference Study Frequency Source Measurement Dielectric
Type Range Technique Properties
Ivancich et in vitro 10 MHz-1.3 Adult Thin cell time €=9.64
al. [12] GHz bovine domain (demineralized
cortical and | spectroscopy bone,
trabecular (TDS) 238.49 MHz),
tibial bone HP (1815B)
Sampler, HP £=17.75
(1801A) (native bone,
oscilloscope, 414.85 MHz)
SNA
(HP8711A)
Gabriel et al. in vitro 10 Hz-20 Porcine OECL, IA ¢ =1.0E+3-
[6] GHz cortical (HP4192A) 1.0E+1
bone , IA(HP o (Sm?) =
8753C), 1.0E-2- 1.0E+1
IA(HP8720)
Peyman et al. in vitro 50 MHz-20 Porcine OECL, £=28.1+2.0,
[24] GHz cortical Network o (Sm?)= 0.34
bone Analyser +0.04 (10 Kg,
(Agilent 450 Hz)
8720D)
Irastorza et in vitro 80 MHz-1 Bovine OECL, HP £=14.8
al. [9] GHz diaphysis (1815B) (natural bone)
femur TDR/Sampler, e=275
cortical HP (1801A) (demineralized
bone oscilloscope, | bone) (80 MHz)
SNA
(HP8711A)
Meaney et al. in vitro 900-1300 Porcine MTI €=48,6=19
[18] MHz trabecular (1100 MHz)
femoral
bone
Meaney et al. in vivo 900-1700 Human MTI £=13.6,
[17] MHz trabecular 0 =0.84 (1300
calcaneus MHz)
bone
Irastorza et in vitro 100-1300 Human OECL, HP £=46.85,
al. [10] MHz trabecular (1815B) o =0.578 (400
femoral TDR/Sampler, MHZz)
head bone HP (1801A)
oscilloscope,
SNA
(HP8711A)

Table 1




Parameters Sample 1 Sample 1 Sample 2 Sample 2
(Natural) (Demineralized) (Natural) (Demineralized)
Emf 14.8 27.5 16.0 42.6
Agmi 2.1 1.8 1.8 2.3
fr 452 MHz 247 MHz 580 MHz 264 MHz
Table 2
Patient Foot Ultrasou Relative % Conductivity %
nd BMD | Permittivity difference (S/m) difference
1 Affected 0.699 13.6 8.4% 0.84 45.2%
Normal 0.773 12.5 0.53
2 Affected 0.354 16.7 21.1% 0.92 13.9%
Normal 0.311 13.5 0.80

Table 3
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Comparative anaylsis of Permittivity for different weight Porcine
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Relationship between Relative Permittivity and Bone Mineral Density
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