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Background to the SciBase EIS Method 

The EIS (Electrical Impedance Spectroscopy) method is based on the use of electrical impedance 

measurements to evaluate alterations in the skin. Electrical impedance is a measure of a material’s 

opposition to the flow of alternating electric currents of various frequencies. 

Using EIS, SciBase has developed a novel device equipped with a sensitive electrode to assess skin cancer 

by measuring different electrical properties of healthy skin compared to atypical skin or lesions. 

 

Figure 1:  The Nevisense device, probe and electrode 

 

Background 

Below are some of the discoveries and milestones that paved the way for Nevisense. 

1980s Associate Professor Stig Ollmar and his research colleagues began establishing the 
foundations of what today is the SciBase method based on EIS. 

1989 Using electrical impedance, Ollmar’s research team discovered various degrees of irritation 
in the mucous membranes of the mouth. The measurement instrument was used in the 
oral cavity. 

1993 The method was refined enabling measurement of variations at a controlled and variable 
depth with one single probe. 

1998 SciBase AB was founded. It soon became apparent that it was possible to measure skin 
lesions as well as mucous membranes. The method proved able to distinguish various 
types of reactions and specific irritations in the skin. 

2003 A pilot study showed that non-melanoma skin cancer could be distinguished from benign 
lesions using a non-invasive electrode without micro-pins. 
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2004 Proof of Principle for the use of EIS to detect malignant melanoma was achieved with the 
use of a micro-invasive electrode. 

2005 Venture capital was raised and resources were made available to develop a clinically 
adapted product solution. 

2008 Product development of the Nevisense device was completed. 

2010 When data from the IMATS classifier training study became available, the classifier 
development was completed for the final classifier of Nevisense. 

The pivotal study, SIMPS, was initiated at 22 clinics in Europe and the US. 

2012 The method became clinically verified in SciBase pivotal study - the largest clinical study 
ever conducted in melanoma detection. (See page 10; Clinical Studies) 

 

 

Principle of Operation 

The electrical impedance of biological materials reflects the clinical status of the tissue. Normal and 

abnormal tissue differ regarding cell size, shape, orientation, compactness, and structure of cell 

membranes. These different properties influence the ability of the cells to conduct and store electricity. 

This means that the properties will also be reflected in an EIS measurement. A tissue alteration that would 

be discovered in a microscope during a traditional, histological examination can be seen as an “imprint” in 

the impedance spectrum. 

Electrical impedance data obtained from Nevisense measurements represents a very large data set 

consisting of a complex ratio of voltage to current. The measurements are composed of the magnitude 

and phase shift at 35 frequencies from 1.0 kHz to 2.5 MHz, at four different depths and 10 set 

permutations. This yields a dataset of 700 variables for each measurement. By combining permutations 

and frequencies a very large EIS feature space is constructed.  

The EIS measurement data for an examined lesion is evaluated by a classifier in the Nevisense device. The 

classifier utilizes both deviations in the impedance spectra between reference skin and the lesion, and 

specific characteristics in the lesion impedance spectra alone. 

 

Figure 2: The Nevisense microinvasive electrode 
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Electrode Depth 

The depth selectivity is facilitated by the use of one sense and one injection gold plated bar on the 

electrode. It is the spatial localization of the sense and injection electrode bars that determines the depth 

penetration. A complete electrical impedance measurement takes less than 10 seconds. The applied 

voltage and resulting current is limited to 150mV and 75µA respectively. This results in a maximum of 

power and energy that can be delivered to the skin tissue of 11.25µW and 113µJ respectively. 

 

Figure 3: Electrode and the 10 permutations measured between the bars in a predetermined order, generating 4 

different measurement depths. 

Frequencies 

In general, impedance at low frequencies is related mainly to the resistive properties of the extra-cellular 

environments, whereas impedance at high frequencies is related both to the resistive properties of the 

intra- and extra-cellular environments and the capacitive properties (reactance) of the cell membranes.  

 

 

Figure 4: Illustration of current pathways for low and high frequencies  
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Measurement Outcome 

The measurement outcome of an EIS measurement is magnitude and phase shift at each frequency 

included in the spectrum. The measurements are displayed as curves of magnitude (kOhms, left y-axis in 

the figure below) and phase shift (degrees, right y-axis) at four different depths (different colors), and 10 

permutations at various frequencies (x-axis). Examples of curves for measurements of benign nevus with 

reference measurement and measurements of malignant melanoma with reference measurement are 

provided below. 

 

                             

a)                                                                        b)                                                      

Figure 5: Reference measurement (grey) and lesion measurement (colored) for a) Benign Nevus and b) Malignant Melanoma 

 

 

  

Magnitude 

Phase shift 
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Clinical Utility 

The traditional practice for clinical assessment of a suspicious lesion is highly subjective, being based on 

visual examination, and poses a risk of missing a malignant melanoma. Nevisense provides an objective 

method, used as a complement to the visual examination. 

Nevisense is to be used when a physician, trained in the diagnosis of skin cancer, would need additional 

information for a decision to excise or for referral to a specialist for further evaluation. That is, Nevisense 

is to be used in situations when the clinical diagnosis is unsure and more information would be of value 

prior to a decision to excise the lesion. 

The Nevisense result is one element of the overall clinical assessment and should be used in combination 

with clinical and historical signs of melanoma. 

 

 

Figure 6: Standard and optional sources of information prior to a decision to excise.    

(Standard sources = continuous line, Optional sources = dotted line) 

 

 

Intended Use  

Nevisense is intended for use on cutaneous lesions with one or more clinical or historical characteristics of 

melanoma. Nevisense is designed to be used when a physician chooses to obtain additional information 

when considering excision. Nevisense should not be used to confirm a clinical diagnosis of melanoma. 

Nevisense is only for use by physicians trained in the clinical diagnosis of skin cancer. The Nevisense 

result is one element of the overall clinical assessment. The output of Nevisense should be used in 

combination with clinical and historical signs of melanoma to obtain additional information prior to a 

decision to excise. 
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Indications for Use 

Nevisense is indicated only for use on: 

• primary skin lesions with a diameter between 2 mm and 20 mm 

• lesions that are accessible by the Nevisense probe 

• lesions where the skin is intact (i.e. non-ulcerated or non-bleeding lesions) 

• lesions that do not contain a scar or fibrosis consistent with previous trauma 

• lesions not located in areas of psoriasis, eczema, acute sunburn or similar skin conditions 

• lesions not in hair-covered areas 

• lesions which do not contain foreign matter 

• lesions not on special anatomic sites (i.e. not for use on acral skin, genitalia, eyes, mucosal areas) 

 

Examination 

Electrical impedance measurements are performed after entering patient data into the control unit via the 

touch screen. 

The operator will perform at least two measurements, one on normal healthy skin (reference) located 

close to the lesion, and one or more on the lesion. Multiple measurements may be conducted in order to 

cover the whole lesion. 

Prior to each measurement the skin is moistened with physiological saline solution (9 mg/ml) for 

approximately 30 seconds. A moistening time of 30 seconds or more ensures a good electrical contact 

between the electrode and the skin. Moistening is important as a poor electrical contact will influence the 

measurement. The Nevisense device has a quality control function that will warn if the electrical contact 

between the skin and the electrode is insufficient or if the quality of the reference measurement is 

inadequate. 

When the measurements have been performed, curves are displayed on the screen, showing both the 

reference measurement and the lesion measurement. The EIS result will be presented as a score between 

0-10. Information on the interpretation of the score is described in chapter “How to interpret the 

Nevisense result”. 

For a more detailed description of how to use Nevisense, see Nevisense Instructions for Use. 
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Figure 7: Examples of measurements (first row), where differences between the reference measurement (grey) and the 

lesion measurement (colored) are visible in the malignant lesions.  Overview image and dermoscopy of the lesions (second 

row). EIS score (third row) 
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Utilization Considerations 

Physiological Factors 

Factor Description 

Varying skin properties It is important to ensure that the reference measurement is performed 
close to the lesion on normal healthy skin with similar skin properties as 
the lesion, to get a correct reading. 

If the skin property in the area that is evaluated has a big variation, e.g. 
in the face, the reference and lesion measurement results may show a 
bigger variation, which most often result in a higher EIS score. 

Hard underlying structures Measurements that are performed on body surface areas with hard 
underlying structures, such as in the forehead, may have an effect on the 
EIS score, and may primarily yield a higher EIS score. 

Variation in underlying 
structures 

It is important to ensure that the reference measurement is performed 
on skin with similar underlying structure as the lesion, e.g. skin over 
tibia, to get a correct reading. 

If the underlying structures have a big variation, e.g. soft and hard, the 
results may be affected. 

Seborrheic Keratosis Seborrheic Keratosis typically have a high degree of structural changes 
compared to normal healthy skin and therefore typically generate a high 
EIS score. 

It is advised that lesions, if possible, are pre-screened for Seborrheic 
Keratosis prior to measurement with the Nevisense device since the EIS 
method is sensitive to the degree of atypia in the tissue. 
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Measurement Factors 

Factor Description 

Moistening time A moistening time of 30 seconds or more ensures a good electrical 
contact between the electrode and the skin. The moistening time is 
important as a poor electrical contact will influence the measurement. 

The Nevisense device has a quality control function that will warn if the 
contact is too poor, i.e. if the impedance is too high. It is anyhow 
advised to perform the moistening process thoroughly to maximize 
signal quality in the measurement. 

Distance between reference 
measurement and lesion 

The EIS method and the classifier evaluate both the lesion on its own, 
but also make a comparison with the reference measurement performed 
on normal healthy skin. 

In case the reference measurement is performed too far from the lesion, 
the skin properties between reference and lesion may differ. In case the 
reference is performed too close to the lesion, the reference may contain 
malignancies (compare with excision margins for lesions). In both these 
cases, the reference measurement may not be representative for the 
lesion, and there is a risk that the EIS score will not reflect the clinical 
status of the lesion. 

Lesion coverage The EIS information from one measurement is reflecting the tissue 
located under the electrode, i.e. 5x5 mm. This means that multiple 
measurements need to be performed if the lesion is larger than the gold 
plated surface area of the electrode. To get an accurate result the lesion 
surface should be fully covered with measurements since the malignancy 
may be focal. 

Lesion measurements 
outside the lesion 

It is important that all lesion measurements are performed on the lesion, 
or at least partially in contact with the lesion. In case lesion 
measurements are performed on healthy skin, completely outside the 
border of the lesion, the EIS score may be lower. 

(Note: lesion measurement should always be in contact with the lesion. 
Reference measurements should never be in contact with the lesion.) 
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Accuracy Parameters 

The Nevisense system is in the following chapters evaluated by the following accuracy parameters: 

• Sensitivity: Measures the proportion of actual positives which are correctly identified, i.e. relates 

to the method's ability to correctly identify malignant melanomas. 

• Specificity: Measures the proportion of negatives which are correctly identified, i.e. relates to the 

method’s ability to correctly identify benign lesions 

• Positive Predictive Value (PPV): Measures the probability that patients with a positive test 

result actually have the disease. 

• Negative Predictive Value (NPV): Measures the probability that patients with a negative test 

result do not have the disease.  

How to Interpret the Nevisense Result 

The Nevisense measurement result is presented on a scale between 0-10 in combination with a binary 

outcome, as depicted in figure 8. The fixed cut-off between EIS Negative and Positive was used during 

pivotal study to demonstrate the sensitivity and specificity, and the results can be found in the section 

“Clinical studies”. The cut-off is clearly marked and shows where the criteria for EIS positive are met. 

 

Figure 8: Score output of Nevisense 

Nevisense is to be used in combination with clinical and historical signs of melanoma to obtain additional 

information prior to a decision to excise. This is especially valuable in uncertain cases, since the EIS 

positive and negative outcome in conjunction with the interpretation of the score enables the clinician to 

make more informed decision. 

The negative and positive predictive value (NPV/PPV) will vary depending on the Nevisense score and as 

such is an important indicator to how the Nevisense outcome should be combined with the normal 

clinical evaluation. PPV is the probability that lesions with a positive Nevisense score (4-10) truly are 

melanoma, whereas NPV is the probability that lesions with a negative Nevisense score (0-3) truly are not 

melanoma. In figure 9 the NPV and PPV depending on the Nevisense score in the SIMPS pivotal study is 

presented. The NPV values of the Nevisense score are very high and thus few melanomas will go 

undetected. The PPV values on the other hand increase with the Nevisense score, reflecting a higher 

likelihood for melanoma. For example at a score of 9, just over half (51%) of all lesions in the pivotal 

study were positive for melanoma. 

 
Figure 9: Positive Predictive Value (PPV) and Negative Predictive Value (NPV) for Nevisense in the SIMPS pivotal study 

 

Nevisense Score 0 1 2 3 4 5 6 7 8 9 10 

 
98% 9% 13% 18% 22% 39% 51% 64% 

 

EIS Negative EIS Positive 

                   NPV                       PPV
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Figure 10 shows a connection between the Nevisense score and the lesion severity. There is a very distinct 

step function in the output, correlated to the stage of the lesion – from benign to a late stage invasive 

melanoma – clearly reinforcing the ability of the technology to identify malignant parameters.  

 

Figure 10: Box plot from the SIMPS study, showing the increase in Nevisense score output as the lesion severity increases 

In figure 11 the distribution of malignant and various benign lesions from the pivotal study are presented. 

It can clearly be seen that very few melanomas fall in the EIS Negative region, whereas the number of 

melanomas increases drastically as the score increases above the cut-off. 

 

Figure 11: Distribution of lesion subtypes in relation to the score output in the SIMPS pivotal study. (Each curve sums up to 100%)  

 

In summary, Nevisense provides accurate information to be used in combination with the clinical 

evaluation for melanoma, prior to a decision to excise. The Nevisense outcome should always be 

interpreted with the physiological and measurement factors outlined in the section “Utilization 

Considerations”. 
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Clinical Studies 

Nevisense has undergone extensive development and validation for more than a decade, from 

development and proof of principle to classifier training and clinical studies. To date, more than 4,000 

patients and healthy volunteers have undergone measurements using Nevisense, including analysis of 

2,400 lesions in the SIMPS pivotal study. 

Beginning in 1998, a Nevisense prototype underwent 6 years of initial studies proving the functionality of 

the SciBase EIS method. Over the course of 7 studies involving 1,200 patients, the method’s success 

motivated a progression to the next phase: training an automated classifier for malignant melanoma. 

  

Figure 12: Clinical Studies performed during development of the Nevisense device. 

Classifier Development 

The classifier in Nevisense, used for classifying the lesion, has been developed in several iterations with 

measurement data collected during training studies with nearly 2,000 patients at more than 19 sites in 

Europe.  

The final classifier has been developed primarily based on data from the IMATS II study (International 

Melanoma Algorithm Training Study), ref article: Electrical Impedance Spectroscopy as a potential adjunct 

diagnostic tool for cutaneous melanoma, Skin Research and Technology, 2013; 19: 75–83 

 

Pivotal Study 

The pivotal study SIMPS (SciBase International Melanoma Pivotal Study) was performed with the 

objective to provide scientific evidence of the safety and accuracy of the Nevisense system in detecting 

malignant melanoma. The study provides the basis for the method’s regulatory approval. 

The international, multicenter, prospective, blinded, clinical study was conducted at both private and 

academic dermatology clinics. The study was conducted in both Europe and in the US with 22 recruiting 
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clinics in the UK, Germany, Sweden, Hungary, Austria, Spain and in the US (17 clinics in Europe and 5 

clinics in the US, 17 academic and 5 private dermatology clinics). 

 

Figure 13: Location of the SIMPS clinical study sites 

Procedure 

In total 2,400 lesions were included in the pivotal study, which is the largest prospective study ever 

conducted in melanoma detection. Subjects with suspected malignant melanoma or atypical lesions 

designated for total excision were asked to participate in the study. The study process can be seen in figure 

14. 

 

Figure 14: Description of the SIMPS pivotal study process 
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Result 

The pivotal study showed an observed 96.6% sensitivity for malignant melanoma in the target population. 

Sensitivity is the most critical parameter for any diagnostic support tool for malignant melanoma. 

(Sensitivity measures the proportion of actual positives which are correctly identified, i.e. relates to the 

method's ability to correctly identify malignant melanomas.) 

In addition, Nevisense achieved an observed specificity of 34.4% on lesions with clinical suspicion of 

malignant melanoma. (Specificity measures the proportion of negatives which are correctly identified, i.e. 

relates to the method’s ability to correctly identify the benign lesions.) 

It should be noted that the atypical lesions in the study were excised due to a suspicion of melanoma, thus 

the dermatologists had – per definition and study design – a specificity of 0% on these lesions. This 

should be compared with the Nevisense specificity of 34% on the same material, which represents the 

potential reduction of unnecessary biopsies. 

 

 

Figure 15: Result from the SIMPS pivotal study 

Type True Positive False Negative Sum Sensitivity Confidence interval*

Lower Upper

MM 256 9 265 96.6% [94.4**

Tis (In-situ) 105 7 112 93.8% [87.6 97.5]

T1 111 2 113 98.2% [93.75 99.8]

T2 35 0 35 100% [90 100]

T3 4 0 4 100% [39,8 100]

T4 1 0 1 100% [2.50 100]

Severe DN 132 25 157 84.1% [77.4 89.4]

Type True Negative False Positive Sum Specificity Confidence interval*

Lower Upper

Benign 501 956 1457 34.4% [32.0 36.9]

Type True Positive False Negative Sum Sensitivity Confidence interval*

Lower Upper

Non-MM 55 0 55 100% [93.5 100]

BCC† 48 0 48 100% [92.6 100]

SCC‡ 7 0 7 100% [59.0 100]

* 95% confidence intervals using Clopper-Pearson

** One-sided 95% confidensintervall using Mid-P Exact. (Note: Using Clopper-Pearson yields 94.2%)

† BCC = Basal Cell Carcinoma
‡ SCC = Squamos Cell Carcinoma



 

 
Nevisense Clinical Reference Guide                                                                                      15 

Publications 

EIS related to Skin Cancer 

Clinical performance of the Nevisense system in cutaneous melanoma detection: an international, multi-

centre, prospective and blinded clinical trial on efficacy and safety  Malvehy J, Hauschild A, Curiel-
Lewandrowski C, Mohr P, Hofmann-Wellenhof R, Motley R, Berking C, Grossman D, Paoli J, Loquai C, Olah J, 
Reinhold U, Wenger H, Dirschka T, Davis S, Henderson C, Rabinovitz H, Welzel J, Schadendorf D, Birgersson U  
British Journal of Dermatology 2014, DOI: 10.1111/bjd.13121 

Electrical impedance of human skin and tissue alterations: Mathematical modeling and measurements 
Birgersson U, Karolinska Institutet (thesis) Stockholm 2013 

Electrical Impedance Spectroscopy as a potential adjunct diagnostic tool for cutaneous melanoma Mohr P, 
Birgersson U, Berking C, Henderson C, Trefzer U, Kemeny L, Sunderkötter C, Dirschka T, Motley R, Frohm-
Nilsson M, Reinhold U, Loquai C, Braun R, Nyberg F, Paoli J. Skin Research and Technology, 2013; 19: 75–83 

Electrical impedance and the diagnostic accuracy for malignant melanoma Åberg P, Birgersson U, Elsner P, 
Mohr P, Ollmar S. Experimental Dermatology, 2011 Mar 3; 648-652 

Non-invasive and microinvasive electrical impedance spectra of skin cancer - a comparison between two 

techniques Åberg P, Geladi P, Nicander I, Hansson J, Holmgren U, Ollmar S. Skin Res Technol. 2005 
Nov;11(4):281-6 

Skin cancer as seen by electrical impedance Åberg P. Karolinska Institutet (thesis), Stockholm 2004 

Bioimpedance of different skin tumours - clinical tricks and treats Nicander I, Holmgren U, Åberg P, Ollmar 
S. Proc XII Intern Conf on Electrical Bio-Impedance & V Electrical Impedance Tomography, Gdansk (PL), June 
20-24, 2004, 99-102. ISBN 83-917681-6-3 

Skin bioimpedance - electronic views of malignancies Åberg P, Nicander I, Hansson J, Holmgren U, Ollmar S. 
Proc XII Intern Conf on Electrical Bio-Impedance & V Electrical Impedance Tomography, Gdansk (PL), June 20-
24, 2004, 79-82. ISBN 83-917681-6-3  

Skin cancer identification using multi-frequency electrical impedance - a potential screening tool Åberg P, 
Nicander I, Hansson J, Geladi P, Holmgren U, Ollmar S. IEEE Trans Biomed Eng 2004; 51(12): 2097-2102  

Detection of basal cell carcinoma using electrical impedance and neural networks Dua R, Beetner DG, 
Stoecker WV, Wunsch DC. IEEE Trans Biomed Eng 2004; 51(1): 66-71  

Minimally invasive electrical impedance spectroscopy of skin exemplified by skin cancer assessments 

Åberg P, Nicander I, Ollmar S. In: Proc IEEE EMBS, Cancun (MX), 17-21 Sept 2003, 3211-3214, ISBN 0-7803-
7790-7  

Differentiation among basal cell carcinoma, benign lesions, and normal skin using electric impedance 

Beetner DG, Kapoor S, Manjunath S, Zhou X, Stoecker WV. IEEE Trans Biomed Eng 2003; 50(8): 1020-1025  

Assessment of skin lesions and skin cancer using simple electrical impedance indices Åberg P, Nicander I, 
Holmgren U, Geladi P, Ollmar S. Skin Res Technol 2003; 9: 257-261  

Electrical impedance of nodular basal cell carcinoma: a pilot study Emtestam L, Nicander I, Stenström M, 
Ollmar S. Dermatology 1998; 197: 313-316 



 

 
16                                                        Nevisense Clinical Reference Guide 

EIS related to Other Tissue Alterations 

Bioimpedance as a noninvasive method for measuring changes in skin Åberg P, Nicander I, Ollmar S. In: 
Handbook of Non-Invasive Methods and the Skin, 2nd ed - pp 345-350. Serup, Jemec, Grove. CRC Press 2006 

Within and beyond the skin barrier Ollmar S, Nicander I. In: Bioengineering of the skin - Water and the stratum 
corneum, 2nd ed., pp 335-350. Fluhr, Elsner, Berardesca, Maibach (Eds.). CRC Press 2005 

Effects of pretreatment with a urea-containing emollient on nickel allergic skin reactions Kuzmina N, Nyrén 
M, Lodén M, Edlund F, Emtestam L. Acta Dermato-Venereologica 2005; 85: 9-12  

Effects of pre-treatment with a urea-containing emollient on nickel allergic skin reactions Kuzmina N, 
Nyrén M, Lodén M, Edlund F, Emtestam L, Nicander I, Ollmar S. Proc XII Intern Conf on Electrical Bio-
Impedance & V Electrical Impedance Tomography, Gdansk (PL), June 20-24, 2004, 111-113. ISBN 83-917681-6-3  

Skin bioimpedance Ollmar S, Nicander I, Åberg P. Proc XII Intern Conf on Electrical Bio-Impedance, Gdansk 
(PL), June 20-24, 2004, 343-346. ISBN 83-917681-6-3  

Blood glucose modulates impedance level Birgersson U, Neiderud F, Åberg P, Ollmar S. Proc XII Intern Conf 
on Electrical Bio-Impedance & V Electrical Impedance Tomography, Gdansk (PL), June 20-24, 2004, 153-156. 
ISBN 83-917681-6-3 

Biophysical aspects of contact dermatitis and its prevention Kuzmina N. Karolinska Institutet (thesis), 
Stockholm 2004  

Clinically normal atopic skin versus non-atopic skin as seen through electrical impedance Nicander I, 
Ollmar S. Skin Res Technol 2004; 10: 178-183  

Assessment of irritant skin reactions using electrical impedance - a comparison between 2 laboratories 

Kuzmina N, Duval C, Johnsson S, Boman A, Lindberg M, Emtestam L. Contact dermatitis 2003; 49(1): 26-31  

Basal electrical impedance in relation to sodium lauryl sulphate-induced skin reactions - a comparison of 

patients with eczema and healthy controls Kuzmina N, Hagströmer L, Nyrén M, Emtestam L. Skin Res Technol 
2003; 9: 357-362  

Betaine in oral hygiene with special attention to dry and sensitive mucosa (thesis) Rantanen I. Annales 
Universitatis Turkuensis 559, Turku, Finland 2003  

The effects of two sodium lauryl sulphate-containing toothpastes with and without betaine on human oral 

mucosa in vivo Rantanen I, Jutila K, Nicander I, Tenovuo J, Söderling E. Swed Dent J 2003; 27: 31-34  

Electrical impedance as a potential tool to distinguish between allergic and irritant contact dermatitis 

Nyren M, Kuzmina N, Emtestam L. J Am Acad Dermatol 2003;48: 394-400 

The use of different concentrations of betaine as a reducing irritation agent in soaps monitored visually and 

non-invasively Nicander I, Åberg P, Ollmar S. Skin Res Technol 2003; 9: 43-49  

The ability of betaine to reduce the irritating effects of detergents assessed visually, histologically and by 

bioengineering methods Nicander I, Rantanen I, Lundh Rozell B, Söderling E, Ollmar S. Skin Res Technol 2003; 
9: 50-58  

Non-invasive detection of sub-clinical skin reactions Ollmar S. Proc of the 2nd International Workshop on 
Biological Effects of Electromagnetic Fields, Rhodes (GR), 7-11 Oct 2002, vol I: 46-53. ISBN 960-86733-3-X  

Betaine reduces the irritating effect of sodium lauryl sulphate on human oral mucosa in vivo Rantanen I, 
Nicander I, Jutila K, Ollmar S, Tenovuo J, Soderling E. Acta Odontol Scand 2002 Oct; 60(5): 306-10  



 

 
Nevisense Clinical Reference Guide                                                                                      17 

Variation of skin properties within human forearms demonstrated by non-invasive detection and multi-way 

analysis Åberg P, Geladi P, Nicander I, Ollmar S. Skin Res Technol 2002; 8: 194-201  

Urea and sodium chloride in moisturisers for skin of the elderly - a comparative, double-blind, randomised 

study Kuzmina N, Hagstromer L, Emtestam L. Skin Pharmacol Appl Skin Physiol 2002; 15: 166-174  

Skin Sensitivity Testing - A Biophysical Approach (thesis) Nyrén M. Karolinska Institutet, Stockholm 2002  

Do urea and sodium chloride together increase the efficacy of moisturizers for atopic dermatitis skin? 

Hagströmer L, Nyren M, Emtestam L. Skin Pharmacol Appl Skin Physiol 2001; 14: 27-33  

Instrumental measurement of the Mantoux test: Differential effects of tuberculin and sodium lauryl 

sulphate on impedancve response patterns in human skin Nyrén M, Hagströmer L, Emtestam L. Dermatology 
2000; 201: 212-217  

Electrical impedance measurements at different skin sites related to seasonal variations Nicander I, Ollmar 
S. Skin Res Technol 2000; 6: 81-86  

Making electronic biopsies into a viable future for non-invasive diagnostics with electrical impedance 

Ollmar S. Med Biol Eng Comp 1999; 37, Suppl 2: 116-117  

Electrical impedance related to structural differences in the skin and in the oral mucosa Nicander I, Ollmar 
S. Med Biol Eng Comp 1999; 37, Suppl 1: 161-162  

Electrical Bio-Impedance related to structural differences and reactions in skin and oral mucosa Nicander I, 
Ollmar S. Annals of the New York Academy of Sciences 1999; 873: 221-226  

Inter- and intra-individual differences in human stratum corneum lipid content related to physical 

parameters of skin barrier function in vivo Norlen L, Nicander I, Lundh Rozell B, Ollmar S, Forslind B. J Invest 
Dermatol. 1999 Jan;112(1):72-7  

Electrical impedance related to experimentally induced changes of human skin and oral mucosa (thesis) 

Nicander I. Karolinska Institutet, Stockholm, 1998  

Multivariate analysis of skin impedance data in long-term type 1 diabetic patients Lindholm-Sethson B, Han 
S, Ollmar S, Nicander I, Jonsson G, Lithner F, Bertheim U, Geladi P. Chemometrics and Intelligent Laboratory 
Systems 1998; 44: 381-394  

Electrical impedance and other physical parameters as related to lipid content of human stratum corneum 

Nicander I, Norlén L, Brockstedt U, Lundh Rozell B, Forslind B, Ollmar S. Skin Res Technol 1998; 4: 213-221  

Methods of information extraction from impedance spectra of biological tissue, in particular skin and oral 

mucosa - a critical review and suggestions for the future Ollmar S. Bioelectrochemistry & Bioenergetics 1998; 
45: 157-160  

Lipid content and electrical impedance Nicander I, Norlén L, Forslind B, Ollmar S. Curr Probl Dermatol. Basel, 
Karger, 1998, vol 26, pp 165-176  

Electrical impedance for quantification and classification of experimental skin reactions Emtestam L, Nyrén 
M. Am J Contact Dermatitis 1997; 8 (4): 202-206  

Electrical impedance. A method to evaluate subtle changes of the human oral mucosa abstract Nicander I, 
Lundh Rozell B, Rundquist L, Ollmar S. Eur J Oral Sci 1997; 105: 576-582  

Mild and below threshold skin responses to sodium lauryl sulphate assessed by depth controlled electrical 

impedance Nicander I, Ollmar S. Skin Res Technol 1997; 3: 259-263  



 

 
18                                                        Nevisense Clinical Reference Guide 

Baseline electrical impedance measurements at various skin sites, related to age and sex Nicander I, Nyrén 
M, Emtestam L, Ollmar S. Skin Res Technol 1997; 3: 252-258  

Information in full and reduced data sets of electrical impedance spectra from various skin conditions 

compared by using a holographic neural network Ollmar S, Nicander I, Ollmar J, Emtestam L. Med Biol Eng 
Comput 1997; 35: 415-419  

Allergic contact reactions in the skin assessed by electrical impedance - a pilot study Nicander I, Ollmar S, 
Lundh Rozell B, Emtestam L. Skin Res Technol 1997; 3: 121-125  

Electric impedance measurements at six different anatomic locations of macroscopically normal human 

oral mucosa Nicander I, Rundquist L, Ollmar S. Acta Odontol Scand 1997; 55: 88-93  

Instrumental evaluation of skin irritation Rizwi PY, Morrison BM, Grove MJ, Grove GL. Cosmetics & Toiletries 
mag 1996; 111, Sept: 39-42  

An electrical impedance technique for assessment of wheals Nyrén M, Ollmar S, Nicander I, Emtestam L. 
Allergy 1996; 51: 923-926  

Interpretation of impedance data of stripped skin supported by histological findings Nicander I, Lundh 
Rozell B, Emtestam L, Ollmar S. Med Biol Eng Comput 1996; 34, Supplement 1, Part 2: 147-148  

Quantification of skin and mucosal reactions by electrical impedance Ollmar S. Med Biol Eng Comput 1996; 
34, Supplement 1, Part 2: 145-146  

Correlation of impedance response patterns to histological findings in irritant skin reactions induced by 

various surfactants Nicander I, Ollmar S, Eek A, Lundh Rozell B, Emtestam L. Br J Dermatology 1996; 134: 221-
228  

Information in multi frequency measurement of intact skin Ollmar S, Nicander I. Innov Tech Biol Med 1995; 
16: 745-751  

Electrical impedance measured to five skin depths in mild irritant dermatitis induced by sodium lauryl 

sulphate Nicander I, Ollmar S, Lundh-Rozell B, Eek A, Emtestam L. British J Dermatology 1995; 132: 718-724  

Electrical impedance for estimation of irritation in oral mucosa and skin Ollmar S, Eek A, Sundström F, 
Emtestam L. Med Progr Techn 1995; 21: 29-37 

 

 

 

 

 

 

 

 

 

 



 

 
Nevisense Clinical Reference Guide                                                                                      19 

 

  



 

 
20                                                        Nevisense Clinical Reference Guide 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SciBase AB 

PO Box 3337, SE-103 67 Stockholm, Sweden 

Visiting Address: Kammakargatan 22, Stockholm, Sweden 

Phone: +46 8 410 620 00 

Fax: +46 8 615 22 24 

E-mail: info@scibase.se 

Article Number: 975-0009-04, October 2014 


