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Careful consideration of the electrode position, size, and arrangement was taken
but with a goal of fitting over the greater part of muscle fibers in the biceps brachii. The
midpoint of the inducing current electrode was placed at a distance of 40mm from the
bend of the inner elbow joint to the bicep for both isometric contractions and muscle

fatigue.

3.4 EIM Data Acquisition

Multifrequency measurements were performed with an ImpediMed SFB7 ®
device (ImpediMed, Inc., Queensland, Australia. http://www.impedimed.com). This
single channel, tetra polar bioimpedance spectroscopy (BIS) device scanned 256
frequencies between 4 kHz and 1000 kHz; however, only measurements at 50, 100, and

150 kHz were used for this study (Figure 6).

Figure 8: ImpediMed SFB7 device
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The device was chosen for its reliability, portability, and ease of use in the

biomedical field. Each measurement took less than three seconds to compute resistance

(R), reactance (X), and impedance (Z) graphs that were stored directly on the instrument.

Phase (8) was calculated via the relationship in equation 5 using Biolmp software for

precise values of resistance and reactance at each frequency. A software illustration and

its corresponding graphs can be seen in Figure 7.
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Figure 9: Biolmp software plotting reactance vs. frequency, resistance vs. frequency and impedance

graphs
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CHAPTER 4

EXPERIMENTAL RESULTS AND DISCUSSION

4.1 Experimental Results

A series of structured data collection was performed on seven healthy males with
a mean age of 23.3 years and a range of 22-26 years. For all subjects, the resistance (R)
and reactance (X) were measured, resulting in calculations of impedance and phase using
equation 4 for the former and equation 5 for the latter. An outlier set of EIM
measurements was found on one subject for isometric contractions whose average
standard deviation was 0.317 on impedance data. Isometric contractions at various
forces had a minuscule effect on impedance, phase, resistance, and reactance values for
this subject, therefore the measurements were not taken into consideration for
experimental averages. To be consistent, the muscle fatigue data was unused for all
average calculations as well. Graphs of resistance versus frequency, reactance versus
frequency, and phase versus frequency were examined during both isometric contractions

and after muscle fatigue.

4.2 Relationship of Isometric Contractions and EIM
Impedance graphs along the full frequency spectrum of 3kHz to 1000kHz were
first introduced to illustrate the entire trend of each parameter. The group average of

resistance, reactance, and phase versus frequency is shown in Figure 9.

37



75
70
65
60
55
50
45
40 -
i Ao,
30
25

Resistance, R (Ohms)

AAAAAA

AMMAALAAAALAAAAAAAAA
L LT T T

14

12

10 + Rest

= 100% MVIC

x
X XX XXX XXX XXX XXX + 50% MVIC

< 25% MVIC

Reactance, X (Ohms)

4 999900400000
* 00055

18

[
E= o)

[REN
N

||
AAAAAAAA AA AAAAAAA

MA-

0000000400

[any
o

Phase (degrees)

O N B O

0 200 400 600 800 1000
Frequency (kHz)

Figure 10: Resistance, Reactance, and Phase versus Frequency of Isometric Contractions on Biceps
Brachii from 3kHz to 1000kHz.
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In order to understand impedance changes during various muscle conditions,
values at 10, 50, 100, and 150kHz were chosen and examined. These frequencies were
selected because values beyond 200kHz are rarely studied due to unexplained activity of
muscle at higher frequencies (Shiffman, Kashuri and Aaron, Electrical Impedance
Myography at Frequencies up to 2 MHz 2008). Impedance at higher frequencies for both
healthy and diseased muscle produces uncorrelated data in conjunction with the
theoretical reasoning behind the changes. To incorporate all parameters of impedance
measurements, the resistance, reactance, and phase versus frequency was analyzed and
discussed. A graphical interpretation of these measurements at the four specific
frequencies was shown in Figure 11. The muscle at rest was represented by diamonds,
the muscle during 100% isometric contraction was shown as squares, the 50% MVIC was
denoted by triangles, and the 25% MVIC was signified by x’s. The corresponding lines
are best-fit lines between each point and represent accurate data measurements at each

frequency.
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Figure 11: EIM at 10kHz, S0kHz, 100kHz, and 150kHz for six healthy males during isometric
contractions on the biceps brachii. At rest measurements are represented by diamonds, 25% MVIC
is (x’s), 50% is triangles, and 100% is squares.
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A direct, but nonlinear correlation between isometric contractions and resistance
was discovered. The data confirmed with substantial evidence that as isometric
contraction force increased, the resistance decreased on the biceps brachii muscle. 100%
of the maximum isometric contraction yielded the greatest difference on resistance values
from the bicep at rest, whereas 25% of the MVIC saw the least change. An average
percent difference of 12.80, 8.51, and 4.63 was calculated between the bicep at rest and at
100%, 50%, and 25% MVIC respectively. Although the change was minor, there was
nonetheless a noticeable discrepancy amongst the various muscle conditions on the
biceps brachii. Table 1 shows the average resistance of the six individuals during rest

stage, 100%, 50%, and 25% MVIC at different frequencies.

Table 1. Average Resistance for Biceps Brachii during Isometric Contractions

Muscle Frequency
Condition

10 kHz 50 kHz 100 kHz 150 kHz
Rest 66.018 Q 51.327 Q 44.792 Q 41.975 Q
100% MVIC 58.673 Q 45.038 Q 39.162 Q 36.688 Q
50% MVIC 60.88 Q 46.893 Q 41.04 Q 38.637 Q
25% MVIC 63.057 Q 48.858 Q 42.772 Q 40.193 Q

One predominate trend for healthy muscles is that resistance peaks at lower
frequencies and declines as it approaches higher frequencies, thus producing a slight
concave-down curvature (Shiffman, Kashuri and Aaron, Electrical Impedance
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