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Normal skin impedance, which has a good correlation with skin permeability, can be used
to calculate the volume of extracted interstitial fluid. However, it is still very difficult to
determine non-invasively the normal skin impedance. In this study, a novel non-invasive
method based on equipotential theory for real-time, in vivo and accurate measurements
of normal skin impedance was proposed. The suggested method was based on the theory
of an equipotential between the saliva and interstitial fluid of an organism, and this
method was compared with the method based on an implanted electrode. The effects of
humidity and pressure on the measurement accuracy of normal skin impedance were also
studied. The feasibility of this method was verified by the results of the experiments. The
proposed method is expected to enhance the blood glucose prediction accuracy and dem-
onstrates a huge significance for the minimally invasive measurements of blood glucose in
clinical application.

� 2014 Elsevier Ltd. All rights reserved.
1. Introduction

Continuous glucose monitoring is highly important
because diabetes has become a worldwide problem [1,2].
Additionally, the glucose concentration of interstitial fluid
(ISF) is closely related to the blood glucose level. Thus,
ISF is used to predict blood glucose levels because it can
be transdermally extracted to continuously monitor blood
glucose levels in a minimally invasive manner [3]. How-
ever, the volume of the ISF transdermally extracted for a
patient in a single position fluctuates with time. And it
fluctuates more widely for different positions of the same
patient or for different patients. These fluctuations seri-
ously affect the measurement accuracy of continuous glu-
cose monitoring. Thus, it is very important to measure the
volume in real time. Although the volume of the ISF trans-
dermally extracted can be detected by a microflow meter
which is integrated into a microfluidic chip [4], liquid res-
idue remained in the microchannels makes a big influence
on the measurement results. In fact, even with ultrasonic
skin pretreatment, only a tiny volume of ISF (approxi-
mately 1 lL) could be obtained after 15 min vacuum
extraction. But clinical application may require shorter
extraction time (e.g. 5 min or less), which makes the vol-
ume of the extracted ISF much smaller. Additionally, the
tiny extracted ISF scatters on the skin surface with an area
of 0.785 cm2 similar to micro-dewdrops under a micro-
scope. Therefore, the extracted ISF is difficult to be col-
lected and measured directly. Thus, until now it is still a
challenge to accurately measure the volume of the ISF
transdermally extracted in vivo.
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Modern medical research indicates that normal skin
impedance is an indicator of the skin permeability coeffi-
cient [5]. The term ‘‘normal impedance’’ represents the
skin impedance containing epidermis, dermis and subcuta-
neous tissues in the normal direction. The volume of ISF
can be determined based on the relationship between the
normal skin impedance and the skin permeability coeffi-
cient if the normal skin impedance can be accurately mea-
sured [6,7]. Therefore, the measurement of normal skin
impedance is critical for continuous glucose monitoring
based on transdermally extracted ISF. Several methods
have been proposed to accomplish the measurement of
skin impedance. Kinouchi et al. [8] proposed a fast
in vivo method based on two electrodes to measure the
local tissue impedance. The most significant drawback of
the method is the invasion of a needle implanted subcuta-
neously. Martinsen et al. [9] put forward a system to detect
live finger, which was based on simultaneously measuring
the electrical bio-impedance of different skin layers. Ivanic
et al. [10] proposed a method using a thin-film non-sym-
metric microelectrode array for impedance monitoring of
human skin. Colbert et al. [11] proposed a single channel
skin impedance system to measure the skin impedance
of an acupuncture area. All of these methods lost the sight
of the aeolotropy of skin, and the skin impedance achieved
had no specific direction.

A novel method for measuring the normal skin imped-
ance, in which one electrode is placed on the skin surface
and the other one is kept in the mouth for complete con-
tact with saliva, has been investigated in this paper. The
proposed method is based on the theory of an equipoten-
tial between the saliva and ISF of an organism [12]. More-
over, the method can specifically obtain the normal
impedance in real time non-invasively. The value of the
obtained normal skin impedance can be used to calculate
the volume of the ISF transdermally extracted. Animal
experiments were performed to verify the feasibility of
the proposed method. The effects of humidity and pressure
on the accuracy of measuring the normal skin impedance
were also studied in this paper.
2. The method of measuring normal skin impedance

2.1. The extraction method for interstitial fluid

The extraction method for ISF has been published, the
Sonoprep was used to enhance the skin permeability
[13]. The ISF was extracted by the vacuum generated from
an oil-less vacuum–pressure pump (Tianjin Auto-science
Instrument Ltd., China), then the variation of the normal
skin impedance caused by the extraction of ISF could be
detected by the measuring electrode. Thus, the volume of
the extracted ISF could be determined accordingly with
the impedance measurement results. In order to effectively
collect the tiny volume of the transdermally extracted ISF
which scatters on the skin surface, a defined volume of buf-
fer solution was injected into the chamber before extrac-
tion. At the end of extraction, the mixture including
buffer solution and the extracted ISF were collected to
measure the glucose concentration using an enzyme-based
biological sensing analyzer (SBA-40C, Key Laboratory of
Biosensor in Shandong Province, Jinan, China). Further-
more, to miniaturize the glucose measurement system,
other methods may be utilized to extract and collect ISF
in the future. For example, the hollow-microneedle array
used by Chua et al. [14], the interspace of which can be
used as a cavity to hold buffer solution, and the measuring
electrode can be coupled with the tip of the microneedle
which contacts to the epidermis.
2.2. The method for measuring the volume of interstitial fluid

The transdermal permeation rate of glucose molecules
is inversely proportional to the skin impedance in the nor-
mal direction [10,15]. Additionally, the volume of ISF is
determined by the transdermal permeation of the skin
and the extraction time. Thus, the volume of ISF can be cal-
culated based on the acquired normal skin impedance [16].

The relationship between the volume of extracted ISF
and the skin permeation rate can be expressed as [17]:

V ¼ P � t � A ð2:1Þ

where V is the volume of the ISF extracted transdermally; P
is the permeation rate of ISF through the skin; t is the
extraction time; and A is the skin area of the ISF extraction.
The following relationship between P and the skin conduc-
tivity could be demonstrated as [6]:

P ¼ C
r
Dx

ð2:2Þ

where C is a constant related to the size of skin pores, the
permeating substance, the inherent characteristics of the
electrolyte solution, and the charged ions; r is the skin
conductivity; and Dx is the thickness of the stratum cor-
neum. Considering the following relation:

r
Dx
¼ G

A
¼ 1

A � Z ¼
1

A � ðRþ jXÞ ð2:3Þ

where G, Z, R and X are the conductance, normal skin
impedance, resistance and reactance, respectively, of the
skin with an area A and thickness Dx (A is much bigger
than Dx). Additionally, the reactance can be ignored as it
is too small compared to the resistance when 10 Hz low-
frequency signal is used in the measurement, so we can
obtain the following relation from Eqs. (2.2) and (2.3):

P ¼ C
1

A � R ð2:4Þ

Thus, the relationship between the normal skin impedance
and ISF volume can be expressed as:

V ¼ C � 1
A � R � t � A ¼

C � t
R

ð2:5Þ

where C is a constant related to the skin, t is the extraction
time, and R is the normal skin impedance. Thus, we can
determine the value of V by measuring the skin impedance
as C and t are known.
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2.3. The method for measuring the normal skin impedance

The most popular method to measure skin impedance
directly and accurately in the normal direction is to use
an electrode on the skin surface with another subcutane-
ously implanted electrode underneath it, as shown in
Fig. 1 [17]. An AC voltage is applied to the two electrodes,
and then the normal skin impedance can be obtained by
measuring the current. However, the method is invasive,
making it almost impossible to be applied to human body
in clinic, and the method cannot be applied in the ISF
extraction process because one electrode is implanted sub-
cutaneously underneath the extraction area which may
significantly affect the extraction. Thus, a novel method
for measuring the normal skin impedance, in which one
electrode is set on the skin surface and the other one is
kept in the mouth for complete contact with saliva as a
substitute for the implanted electrode, has been investi-
gated in this paper. The proposed method avoids the inva-
sive and can be utilized in the ISF extraction process.

The proposed method is based on the theory of an equi-
potential between the saliva and ISF of an organism. The
saliva and ISF of an organism are connected to each other,
and the gradient of bio potential between saliva and ISF
was found during experiments. However, the voltage drop
from saliva to ISF was much smaller than that from skin
surface to subcutaneous tissue. In addition, the voltage
drop from saliva to ISF was more stable. Therefore, the
electric potentials of saliva and ISF are approximately
equal, which means that subcutaneous tissue can be taken
as an equipotential material, as shown in Fig. 1. As a result,
one electrode is set on the skin surface and another oral
electrode is placed in the mouth for complete contact with
the saliva to measure the impedance between the two
electrodes. The impedance between the oral electrode
and the skin surface electrode is equal to the skin imped-
ance at the detecting area in the normal direction. Com-
pared with the impedance in the normal direction, the
transverse impedance is extremely large, which makes
the current flow in the normal direction naturally; thus,
the impedance between the two electrodes is the normal
Fig. 1. Schematic diagram of the proposed method and the method based
on an implanted electrode.
skin impedance. Therefore, the proposed method can spe-
cifically obtain the normal impedance, which many other
methods cannot.
3. The experiments for normal skin impedance
measurements

In vivo experiments were conducted on rabbits to
establish the feasibility of the proposed equipotential
method. Although the skin impedance measurement using
a subcutaneously implanted electrode is invasive, the mea-
surement accurately reflects the skin impedance of the
testing area in the normal direction and can thus be used
to evaluate the feasibility of the proposed equipotential
method. Thus, comparative experiments between the pro-
posed equipotential method and the method based on a
subcutaneously implanted electrode were performed. Spe-
cifically, an oral electrode was placed in the mouth for
complete contact with the saliva, a second electrode was
set on the skin surface (the electrode area was 0.68 cm2),
and a third electrode was implanted subcutaneously
underneath the second one. Thus, two values were mea-
sured: the impedance between the surface electrode and
either the oral electrode or the subcutaneously implanted
electrode. Then, the proposed method was verified by com-
paring the two values.

3.1. Experimental system

A schematic diagram of the experimental system is
shown in Fig. 2. The system consisted of the following
devices: a signal generator (AFG310, Tectronic, Ellesmere
Port, England), a voltmeter (34401A6, Agilent, Santa Clara,
America), a micro-current meter (6458, Keithley, Cleve-
land, America), an ultrasonicator (SonoprepST, Sontra Med-
ical, Cambridge, America), and three discoid electrodes.
One of the discoid electrodes was used as the oral
electrode.

Two AC voltages with the same value (100 mV, 10 Hz)
which was biologically compatible were applied to the
two circuits. In addition, a 10 Hz low-frequency signal
was chosen to remit the effect of capacitance on the skin
impedance measurement.

3.2. Experimental procedure

The stratum corneum is the main obstacle in extracting
ISF transdermally. Thus, a pretreatment method is neces-
sary to enhance the skin permeability by destroying the
stratum corneum, which makes it easy to transdermally
extract ISF. Low-frequency ultrasound was used as a pre-
treatment to create micropores to increase the skin perme-
ability to transdermally extract ISF more easily [18] in our
experiments.

The experimental procedure was as follows.

(1) Anesthetize the rabbit by an ear vein injection of
sodium pentobarbital (1 mL/kg).

(2) Mark the detecting area (inside the hind leg of the
rabbit) as the measurement area.
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(3) Create a skin incision at a certain distance from the
detecting area and implant an electrode in the
detecting area underneath the skin, as shown in
Fig. 3.

(4) Set another discoid electrode on the skin surface at
the testing area with pressure-sensitive adhesive.
Then, as shown in Fig. 4, fix the electrode by the
adhesive tape. Additionally, keep the measurement
conditions constant during the experiments.

(5) Afterward, place the third discoid electrode into the
mouth of the rabbit for complete contact with the
saliva, as shown in Fig. 5. Saline may be used to fill
the mouth to ensure full contact between the oral
electrode and tissue if there is not sufficient saliva.

(6) Connect the circuits when the rabbit becomes stable,
turn on the power, and wait for the stabilization of
the current through the body. Then, the data can
be collected from the voltmeters and micro-current
meter.
(7) Next, treat the skin testing area with low-frequency
ultrasound. Collect a new set of data after the rabbit
stabilizes (approximately 1 h after the low-fre-
quency ultrasound treatment).
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Fig. 6. The normal skin impedance before the low-frequency ultrasound
treatment.
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Fig. 7. The normal skin impedance after the low-frequency ultrasound
treatment.
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Fig. 8. Effect of humidity on the measurement result.
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4. Results and discussion

4.1. Results of the normal skin impedance measurement of a
rabbit hind leg before ultrasound

A rabbit hind leg was chosen as a measurement area
that is similar to human wrists, which are frequently used
for transdermal ISF extraction. The 12 measurement values
of the normal skin impedance before the treatment with
the low-frequency ultrasound are shown in Fig. 6. The
black and red1 curves show the normal skin impedances
measured by the proposed equipotential method based on
an oral electrode and the method based on an implanted
electrode, respectively. The early difference in Fig. 6 may
be caused by the instability of initial measurement. After
that, the measured values using the two methods are both
approximately 3 kX, which shows the good consistency of
the two measurement results.

4.2. Results of the normal skin impedance measurement of a
rabbit hind leg after ultrasound

The 12 measurement values of the normal skin imped-
ance after the low-frequency ultrasound treatment are
shown in Fig. 7. The data were obtained approximately
1 h after the low-frequency ultrasound treatment when
physical stability had been achieved. As shown in Fig. 7,
the value of the normal skin impedance acquired from
the oral electrode varies slightly at approximately
1.81 kX, while the implanted electrode shows values of
approximately 1.73 kX. The fluctuations of the values
may be caused by the quantify effects of ultrasound on
the skin. Fig. 8 also shows that the results measured with
the equipotential method are consistent with those mea-
sured using the method based on a subcutaneously
implanted electrode.

The values obtained by an oral electrode may be a little
bigger than that from an implanted electrode in general.
1 For interpretation of color in Fig. 6, the reader is referred to the web
version of this article.
However, the voltage drop from saliva to ISF is much smal-
ler than that from skin surface to subcutaneous tissue as
demonstrated in part 2. The similar resistances obtained
by the two methods shown in Figs. 6 and 7 confirm the fea-
sibility of the proposed method, indicating that the oral
electrode can replace the subcutaneously implanted elec-
trode for non-invasive measurements of the normal skin
impedance whether before or after low-frequency ultra-
sound treatment. Thus, the proposed equipotential method
can be used to measure the normal skin impedance to
determine the volume of ISF non-invasively during extrac-
tion. Furthermore, the proposed equipotential method can
be used to measure the normal skin impedance through
any other body fluids, such as tears, which are equipoten-
tial to ISF.
4.3. Factors that affect the measurement accuracy

During the experiments, the factors of humidity and
pressure seriously affected the normal skin impedance
measurement results.
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4.3.1. The factor of humidity
The skin impedance of the drying hind leg surface was

first measured using the proposed equipotential method
in a general humidity condition; then, normal saline solu-
tion was dropped onto the skin surface of the detecting
area, measure the skin impedance again to determine the
effect of humidity. As shown in Fig. 8, the impedance
decreases significantly from approximately 13.9 kX to
6.2 kX when the skin becomes wet. Therefore, a good
result may be obtained when the humidity is kept constant
during the experiments.

4.3.2. The factor of pressure
To characterize the effect of pressure, the normal skin

impedance was first measured in a general pressure condi-
tion; then, a constant pressure (by setting a mass on the
surface electrode) was placed on the surface electrode at
the detecting area, and the normal skin impedance was
measured again to determine the effect of pressure. As
shown in Fig. 9, the impedance decreases significantly
from approximately 1.61 kX to 1.11 kX when the pressure
is added. The results demonstrate the pressure between
the surface electrode and the skin must be stable in the
whole experiments.

The humidity and pressure were kept in constant when
the proposed method was used in our glucose measure-
ment experiments. As shown in Fig. 10, the measuring
electrode is placed in buffer solution, which means it
works in a liquid environment, thus the humidity can be
kept in constant. On the other hand, the measuring elec-
trode is placed on the skin surface surrounded by buffer
solution in the extraction chamber, thus no force could
be applied to the electrode which avoids the effect of var-
iational pressure. However, if the proposed method is used
to measure the skin impedance in other applications, how
to keep the humidity and the pressure in constant should
be taken into consideration as the experimental results
have shown their big effects to impedance measurement.
5. Conclusions

A novel non-invasive method based on equipotential
theory for real-time, in vivo and accurate measurements
of normal skin impedance was proposed to determine
the volume of the ISF extracted transdermally. The mea-
surement results using the equipotential method were
consistent with those using the method based on a subcu-
taneous electrode in animal experiments, which demon-
strated the feasibility of the proposed method. Factors
that affected the skin impedance measurement, such as
humidity and pressure, were evaluated using experiments
based on the equipotential method. The results show that
the humidity and pressure should be kept constant during
the experiments. The feasibility of the proposed method
has been verified using rabbit experiments, and research
on how the method works on humans is underway. The
next work is to address the inconvenient wire-connected
oral electrode to a human’s mouth.

Acknowledgements

This work was supported by the National Natural Sci-
ence Foundation of China (Nos. 61176107, 51350110233,
11204210, 61428402 and 61201039), the Key Projects in
the Science & Technology Pillar Program of Tianjin (No.
11ZCKFSY01500), the National Key Projects in Non-profit
Industry (No. GYHY200906037), and the National High
Technology Research and Development Program of China
(No. 2012AA022602).

References

[1] D.W. Lam, D. LeRoith, The worldwide diabetes epidemic, Curr. Opin.
Endocrinol. Diabetes Obes. 19 (2) (2012) 93–96.

[2] Wang Joseph, Electrochemical glucose biosensors, Chem. Rev. 108
(2) (2008) 814–825.

[3] Kerstin Rebrin, F. Sheppard Norman Jr., M. Steil Garry, Use of
subcutaneous interstitial fluid glucose to estimate blood glucose:
revisiting delay and sensor offset, J. Diabetes Sci. Technol. 4 (5)
(2010) 1087–1098.

[4] Haixia Yu, Dachao Li, R.C. Roberts, et al., J. Micromech. Microeng. 22
(3) (2012) 035010.

[5] N. Sekkat, Y.N. Kalia, R.H. Guy, Biophysical study of porcine ear skin
in vitro and its comparison to human skin in vivo, J. Pharm. Sci. 91
(11) (2002) 2376–2381.

[6] H. Tang, S. Mitragotri, D. Blankschtein, et al., Theoretical description
of transdermal transport of hydrophilic permeants: application to
low-frequency sonophoresis, J. Pharm. Sci. 90 (5) (2001) 545–568.

[7] J. Luis, E.J. Park, R.J. Meyer Jr., et al., Rectangular cymbal arrays for
improved ultrasonic transdermal insulin delivery, J. Acoust. Soc. Am.
122 (4) (2007) 2022–2030.

[8] Y. Kinouchi, T. Iritani, T. Morimoto, et al., Fast in vivo measurements
of local tissue impedances using needle electrodes, Med. Biol. Eng.
Comput. 35 (5) (1997) 486–492.

[9] N.W. Christie, S. Clausen, Ø.G. Martinsen, et al. Live finger detection
by four-area measurement of complex impedance, 2010, U.S. Patent
7848798.

http://refhub.elsevier.com/S0263-2241(14)00563-6/h0005
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0005
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0010
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0010
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0015
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0015
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0015
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0015
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0020
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0020
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0025
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0025
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0025
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0030
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0030
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0030
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0035
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0035
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0035
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0040
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0040
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0040


D. Li et al. / Measurement 62 (2015) 215–221 221
[10] R. Ivanic, I. Novotny, V. Rehacek, et al., Thin film non-symmetric
microelectrode array for impedance monitoring of human skin, Thin
Solid Films 433 (1) (2003) 332–336.

[11] A.P. Colbert, J. Yun, A. Larsen, et al., Skin impedance measurements
for acupuncture research: development of a continuous recording
system, Evid-based Compl. Alt. 5 (4) (2008) 443–450.

[12] S. Mitragotri, Modeling skin permeability to hydrophilic and
hydrophobic solutes based on four permeation pathways, J.
Control. Release 86 (1) (2003) 69–92.

[13] Haixia Yu, Jin Liu, Ting Shi, Dachao Li, et al. Using skin impedance to
improve prediction accuracy of continuous glucose monitoring
system, in: Conference on Optical Diagnostics and Sensing VIII, San
Jose, CA, vol. 6863, 2008, pp. s8630–s8630.

[14] Beelee Chua, Peijie Cao, P. Desai Shashi, et al., Sensing contact
between microneedle array and epidermis using frequency response
measurement, IEEE Sens. J. 14 (2) (2014) 333–340.
[15] K.D. Peck, A.H. Ghanem, W.I. Higuchi, Hindered diffusion of polar
molecules through and effective pore radii estimates of intact and
ethanol treated human epidermal membrane, Pharm. Res-dordr. 11
(5) (1994) 1306–1314.

[16] Samsung Electronics Co., Ltd., Measuring system and electrode for
measuring skin impedance in small zone skin, 2004, Korean Patent
031475728.

[17] Yue Sun, Research on the techniques of interstitial fluid transdermal
extraction and blood glucose prediction, M.S. thesis, College of
Precision Instrument & Opto-electronics engineering, Tianjin
University, China, 2009.

[18] C.M. Schoellhammer, B.E. Polat, J. Mendenhall, et al., Rapid skin
permeabilization by the simultaneous application of dual-
frequency, high-intensity ultrasound, J. Control. Release 163 (2)
(2012) 154–160.

http://refhub.elsevier.com/S0263-2241(14)00563-6/h0050
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0050
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0050
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0055
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0055
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0055
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0060
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0060
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0060
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0070
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0070
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0070
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0075
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0075
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0075
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0075
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0090
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0090
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0090
http://refhub.elsevier.com/S0263-2241(14)00563-6/h0090

	Non-invasive measurement of normal skin impedance for determining the volume of the transdermally extracted interstitial fluid
	1 Introduction
	2 The method of measuring normal skin impedance
	2.1 The extraction method for interstitial fluid
	2.2 The method for measuring the volume of interstitial fluid
	2.3 The method for measuring the normal skin impedance

	3 The experiments for normal skin impedance measurements
	3.1 Experimental system
	3.2 Experimental procedure

	4 Results and discussion
	4.1 Results of the normal skin impedance measurement of a rabbit hind leg before ultrasound
	4.2 Results of the normal skin impedance measurement of a rabbit hind leg after ultrasound
	4.3 Factors that affect the measurement accuracy
	4.3.1 The factor of humidity
	4.3.2 The factor of pressure


	5 Conclusions
	Acknowledgements
	References


