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1  | INTRODUC TION

Skin cancer incidence is still increasing in Germany. Its early detec‐
tion is very important to lower the risk of metastases and also to 
minimize scars and to improve the esthetic surgical outcome. The 
standard diagnostic procedure for suspicious individual lesions for 
non‐melanoma skin cancer is a skin biopsy with a subsequent his‐
topathologically analysis prior to any surgical intervention.1‐3 After 
tumor excision, the tumor margins are assessed and surgically 

corrected, if necessary. The histological results of hospitalized pa‐
tients undergoing excision are available overnight. They are not 
dismissed before these results are known and the lesion completely 
removed. If the excision is performed in an outpatient facility, the le‐
sion is closed after surgery entailing the risk of an additional surgery 
if the tumor margin is not free of tumor cells.

A device, which would be able to distinguish between normal tis‐
sue and tumorous tissue, could help to reduce the amount of false‐
positive cases and to minimize surgical intervention. In previous 
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Abstract
Background: The early detection of skin cancer is still challenging and calls for objec‐
tive, fast diagnostic, and ideally non‐invasive methods in order to leave the poten‐
tially malignant tumor cells unaltered. In this paper, the parelectric spectroscopy was 
applied to evaluate the potential of a non‐invasive detection of basal cell carcinoma 
(BCC) and malignant melanoma.
Materials and Methods: A prototype of parelectric spectroscopy was used to investi‐
gate non‐invasively dipole density and mobility of suspicious skin lesions. The differ‐
ences in investigated tissue were analyzed compared to pathohistological findings in 
a clinical study on 51 patients with suspected BCC and malignant melanoma.
Results: The non‐invasive parelectric spectroscopy could differentiate between nor‐
mal skin, BCC, and melanoma but failed to distinguish between different types of 
skin cancer. The data were normalized to unsuspected nearby skin because the dif‐
ferent skin locations influence dipole density and mobility.
Conclusion: The results of the pilot study indicate that the parelectric spectroscopy 
might be an additional, useful non‐invasive diagnostic procedure to distinguish be‐
tween normal skin and skin cancer.
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studies, this could be shown using optical coherence tomography 
(OCT) or confocal laser scanning microscopy (RCM), when der‐
matoscopic findings were inconclusive.4,5 Nevertheless, a method 
not being dependent on the experience of the investigator would 
be favorable. Spectroscopic methods such as Raman, multimodal 
imaging, and fluorescence methods were tested to distinguish be‐
tween normal skin and skin cancer.6‐9 So far, these techniques have 
not been commercially available for clinical assessment of the skin. 
In the present study, parelectric spectroscopy as a new technique 
was investigated in a pilot study on 51 patients with 59 lesions sus‐
picious for non‐melanoma (45 lesions) and melanoma (14 lesions) 
skin cancer. So far, the parelectric spectroscopy has been used for 
structure and dynamical analysis of drug‐carrier systems.10‐13

The principle of this method is based on the high number of 
electric dipoles exist due to water or components of cell mem‐
branes in human tissue. The hypothesis is that the dipoles differ 
between the tissue types or for the same type between normal 
and malignant tissue. This difference is expected in density and 
mobility of the dipoles which can be measured by parelectric 
spectroscopy.

First measurements were performed on larynx tumor after exci‐
sion.14,15 These promising results led to the hypothesis that normal 
skin and skin cancer should be distinguishable, too. In the present 
pilot study, 51 patients with suspected BCC and melanoma were in‐
cluded and measured. The measurements were performed prior to 
surgery. The spectroscopic results were correlated with the histo‐
logical findings.

2  | MATERIAL S AND METHODS

2.1 | Subjects

The study was performed from April 2012 to August 2013 in ac‐
cordance with the ethical guidelines of the Declaration of Helsinki. 
The study was approved by the ethics committee of Berlin (DIMDI 
No.:00018467, Eudamed No.: CIV‐11‐10‐002625). All volunteers 
have given their informed written consent.

Only subjects over the age of 18 with suspicious skin lesions, 
that could be either a basal cell carcinoma or a malignant mela‐
noma, were included into the study. All patients were scheduled 

for a surgical intervention (either biopsy or complete excision). 
The histopathology served as a reference. The lesions had to be 
accessible with the measurement probe. Exclusion criteria were 
other skin diseases in the same/nearby localization, pregnancy, 
and breastfeeding.

In total, 51 patients were subjected to 59 and 14 healthy volun‐
teers to 24 measurements. Details are shown in Table 1.

2.2 | Parelectric spectroscopy

The parelectric spectroscopy investigates the response of dipoles 
to an applied external electric field dependent on the frequency. A 
short introduction to the theory will be given here, a more detailed 
description can be found, for example, in.14

Briefly, phospholipids are the main components of cell mem‐
branes of skin cells. The headgroups of these lipids constitute elec‐
trical dipoles which respond to an applied external electric ac‐field. 
The device ParaScan I determines the complex permittivity depend‐
ing on the frequency of this ac‐field. The real part of represents the 
dispersion ε ′(f) and the imaginary part the absorption ε″(f). Both 
quantities can be described by Debye’ relations,16

The essential parameters in these two equations are the di‐
pole density Δ and the mobility f0 of the permanent electric di‐
pole moments, because they are the main characteristics of the 
dispersion and the absorption curve of a tissue under inspection 
(see Figure 1).

The curve of �� (f) can be explained as follows: At low frequency, 
the dipoles can follow the alternating electromagnetic field; they can 
orientate themselves properly. This leads to a polarity of the tissue. 
With increasing frequency, due to the inertia of the dipole carrying 
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TA B L E  1   Subject characteristics

 
Number of included 
subjects

Histologically confirmed, 
absolute numbers (%) Main areas Mean age ± SD Gender (female/male)

BCC 45 32 (61.5%) head 75 ± 24 16 f/16 m

MM 14 9 (17.3%) extremities and 
trunk

48 ± 37 3 f/6 m

SCC (Spinalioma)  5 (9.6%) head 75 ± 18 2 f/3 m

Alternative findings  6 (11.5%) head and 
extremities

62 ± 43 3 f/3 m

Excluded  7 (11.9%) head 67 ± 18 2 f/5 m

Healthy volunteers 14 – head, inner 
forearm

61 ± 22 11 f/3 m
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tissue‐cells, this is not possible anymore and the polarity decreases 
(see Figure 1).

To measure the complex dielectric constant, a transmitter feeds 
an electromagnetic wave into an open‐ended coaxial probe, the cut 
inner and outer diameters forming a condenser in contact with the 
samples under test (Figure 2). The reflected wave is analyzed in com‐
parison to the emitted wave, thus yielding the desired parameters Δ 
and f0 depending on the investigated anatomical skin area.

The device used for the experiments was a ParaScan I (parelec‐
trics). It is operated at a frequency range between 0.5 and 50 MHz . 
The measuring time is approx 20 seconds and the power are far 
below the high frequency permitted for application in humans. 
The legally permitted power limit is approximately 0.1 W, whereby 
ParaScan I is operated at approx 60 mW, which is by a factor of 2000 
lower. The probe diameter is 2 cm, and the penetration depth of the 
wave is in the range of 0.5‐1.0 mm.

Before this study started, the influences of pressure and water 
as a contact agent were investigated (data not shown). Preliminary 
investigations have shown that the dipole density and mobility 

changes between anatomical regions of the body in healthy volun‐
teers. Therefore, the difference between the lesion and an adjacent 
healthy area was calculated and used for the analysis.

2.3 | Measuring procedure

For documentation, at first a photo of the suspected lesion (BCC or 
MM) was taken.

Three independent and representative measurements of the le‐
sion were performed using the parelectric device, followed by six 
measurements of unsuspicious skin in the vicinity (2 cm distance). 
The probe's diameter and geometry enables pressure control but 
limits the investigation to reachable areas.

If an adjacent skin area was not available, for example, in the 
face, a corresponding area of the other side on the face was taken 
as reference. For the measurements, a medium pressure was applied 
(the weight of probe exerting no additional pressure) to ensure good 
contact but avoiding blood vessel compression. The measurement is 
sensitive to the pressure exerted on the probe. Furthermore, a drop 
of water as an immersion liquid was applied.

The device was calibrated by means of an air measurement be‐
fore each measurement to record possible temperature influences.

2.4 | Statistical analysis

Microsoft Excel 2010 and SPSS 22 (IBM® SPSS® Statistics) for 
Windows 2010 were used for statistical analyses. Data were analyzed 
by nonparametric, paired, and unpaired tests including, if appropri‐
ate, analysis of (co‐)variance, Kruskal‐Wallis test, Mann‐Whitney, and 
Wilcoxon tests. The level of significance was assumed at P ≤ .05.

3  | RESULTS

The results of the density and mobility data from unsuspicious skin 
at different body areas are shown in a cluster diagram in Figure 3. 
The data are mainly arranged in a hyperbolically shaped curve.

F I G U R E  1   Graph of Debye's relations with dispersion ε′ and 
absorption ε″, f0 is the dipole mobility and Δε the dipole density. 
Gray shadowed is the selected frequency for the measurements 
[Colour figure can be viewed at wileyonlinelibrary.com]

F I G U R E  2   Scheme of probe of the parelectric device [Colour 
figure can be viewed at wileyonlinelibrary.com]

F I G U R E  3   Cluster diagram of density and mobility of the 
dipoles in unsuspicious skin of different body areas [Colour figure 
can be viewed at wileyonlinelibrary.com]
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The absolute values of both parameters differ strongly between 
the various skin areas and from subject to subject. To exclude such 
influences, the suspected lesions were normalized to the surround‐
ing unsuspected skin.

The inclusion parameters were restricted to lesions suspected 
to be BCC and MM. In Figure 4, representative photographs taken 
with the integrated camera of confirmed BCC and MM are shown. 
The BCC clearly provides a non‐homogenous structure. In addition, 
the MM is inhomogeneous but provides a clearer border to the sur‐
rounding normal skin.

In Figure 5, exemplary Debye curves of the selected frequency 
of unsuspected skin, BCC and MM are presented. The curves vary 
in shape and intensity. Nevertheless, also for the respective groups, 
the variations are high. Therefore, the mobility and density values 
were calculated relative to the surrounding healthy skin.

In Figure 6, the calculated relative mobility and relative density 
for the different tumor lesion and unsuspicious skin are presented. 
Beside BCC and MM, SCC has been included in the analysis because 
the histopathological findings resulted in five SCC instead of MM 
and BCC. Data from seven patients were excluded because the 
probe could not be perfectly attached or air was between probe and 

skin, the lesion was sublime and encrusted, or the anamnesis was 
conspicuous, and the measured data were not valid.

The data from the unsuspicious skin (control) show a low vari‐
ance around the value 1 for relative mobility. For relative density, 
the median of normal skin is below 1 and the variance is higher com‐
pared to the data of mobility. The data of all tumor groups show a 
high variance independent of the tumor entity. All relative mobility 
medians are higher than 1 and all relative density medians lower than 
1. The relative mobility for normal skin is significantly lower than for 
BCC, MM, and SCC. The significance between the tumor values and 
normal skin differs, which could be related to the number of mea‐
surements. Nevertheless, the difference between normal skin and 
the five data points for SCC was significant (P = .05).

The relative densities of BCC, MM, and SCC are not significantly 
higher compared to normal skin, but for BCC and SCC the differ‐
ences showed a trend, P ≤ .1. No differences between tumor groups 
could be found for both parelectric parameters.

Comparing pooled data of all tumor entities with normal skin both 
parameters, relative density and relative mobility, are significantly 
different (Figure 7). For relative mobility, the differences to normal 
skin are even highly significant (P ≤ .01). These data also illustrate 

F I G U R E  4   Selected photographs of 
(A) BCC and (B) MM from two different 
patients

(A) (B)

F I G U R E  5   Debye curves with dispersion ′ and absorption ″ for A) unsuspicious skin at the inner forearm of a patient, B) BCC at the cheek 
and C) MM at the lower abdomen
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the higher variation for mobility compared to the density values in 
tumors.

Another way of analyzing the data is using a cluster diagram as 
shown in Figure 3 for different normal skin areas. Figure 8 A shows 
the cluster diagram of all relative tumor data and the corresponding 
relative normal data. The variance of normal data in this diagram is low 
and they cluster around 1:1. Figure 8 B provides an enlarged detail of 
graph A, and the circle illustrates a possible cluster of mainly normal 
skin data. It includes three BCC and one SCC as false‐negative data.

4  | DISCUSSION

This first pilot study using non‐invasive parelectric spectroscopy 
for skin tumor discrimination has shown high variations for dipole 

mobility and density for normal unsuspicious skin at different skin 
areas.

Non‐invasive parelectric spectroscopy determines spe‐
cific electrical properties and structural changes of the tissue. 
Permanent electrical dipoles align themselves, for example, on cell 
membranes under the influence of an external alternating field and 
form a polarization in response, which is measured with a coax‐
ial probe. The parelectric parameters calculated from the polar‐
ization, such as dipole density and dipole motion, as well as the 
polarization, are influenced by the tissue structure and the factors 
acting on it.

The measured dipoles could be associated with water mole‐
cules, which are ubiquitous in the skin and phospholipids, which 
are components in most of the cell membranes but also located in 
the stratum corneum.17 The human skin can be divided microscop‐
ically into epidermis (stratum corneum, stratum lucidum, stratum 
granulosum, stratum spinosum, and stratum basale), dermis (stra‐
tum papillare and stratum reticulare), and subcutis. Depending on 
the location, the thickness of the skin varies from 1.5 to 4 mm.18 
Epithelial cells densely pack the epidermis to a depth of between 
75 and 150 μm (up to 600 μm thick on palms/soles). The dermis is 
usually <2 mm thick, but maybe up to 4 mm thick (eg, adult back) 
and provides most of the mechanical strength to the skin. Variation 
in the parelectic parameters might be related to different thickness 
of skin layers at different areas and individual skin tissue compo‐
nents. This is in agreement with other non‐invasive investigations 
using optical coherence tomography (OCT), multiphoton tomogra‐
phy (MPT), and Raman spectroscopy which have shown differences 
for the thickness of epidermis and the stratum corneum, the size 
and number of hair follicles, sweat gland density and the skin tissue 
components.19‐22

In order to exclude skin area variations, the measured absolute 
values of skin tumor lesions were normalized to the unsuspicious 
nearby skin or exactly corresponding skin of the other side of the 

F I G U R E  6   Boxplot of relative density (left) and mobility (right) for the different tumor groups and control skin [Colour figure can be 
viewed at wileyonlinelibrary.com]

F I G U R E  7   Boxplot for relative mobility and relative density 
using all tumor data and the corresponding normal skin data [Colour 
figure can be viewed at wileyonlinelibrary.com]
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body. Such procedure has been applied also for other spectroscopic 
methods such as Raman spectroscopy to detect skin cancer.7

The results of relative mobility and density of the tumor lesions 
compared to normal skin indicate different skin structures or com‐
positions in skin tumors. The relative mobility showed higher val‐
ues and significantly higher differences to normal skin compared 
to the other parameter relative density. The density of the tumor 
lesion decreases and the mobility increases. This could be associ‐
ated with more free mobile water molecules in the skin as shown by 
Raman spectroscopic investigations, attributing different mobilities 
of water molecules to the different strengths of hydrogen bonds.23

Our results are in agreement with optical measurements such 
as OCT which is based on refractive index differences of the differ‐
ent skin layers and structures. Skin tumors are associated with other 
refractive indices and provide different gray values. The refractive 
index can be related to different densities of tissue. Also with OCT 
tumor types are difficult to distinguish.24

Parelectric spectroscopy has shown to be able to differentiate 
between normal and cancerous tissue and organs in mice and human 
laryngeal tissue.14,15 Nevertheless, a sensitivity to detect differences 
between skin tumor types was not achieved.

5  | CONCLUSION

The investigation has shown that the values for mobility and den‐
sity of dipoles provide a high variance depending on the body area. 
Furthermore, mobility of the dipoles in skin cancer is stronger al‐
tered than the density. The results of the pilot study indicate that 
the parelectric spectroscopy might be an additional, useful non‐in‐
vasive diagnostic procedure to distinguish between normal skin and 
skin cancer, but is not capable of distinguishing between different 

types of skin cancer. Therefore, the type of skin cancer should still 
be differentiated by biopsies, which are also necessary for skin can‐
cer deeper than 1mm because spectroscopic measurements cannot 
penetrate into deeper parts of the skin.
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