

 

Abstract—TENS (Transcutaneous Electrical nerve 

Stimulation) is explained as stimulating nerves via skin to 

decrease the pain. The studies about TENS were related to 

investigate its effects on animals and humans. In this study, the 

problem is to improve a TENS model by investigating the 

effective parameters in humans. Skin conductance and skin 

thickness were chosen as effective parameters. By considering 

the ailments which cause pain, four implementation zones were 

studied. For modelling, ANFIS (Adaptive Neuro – Fuzzy 

Inference System) was employed. Average Training Error 

changes between 0.149-0.533, while Average Testing Error 

changes between 0.823-1.0815. This corresponds to maximum 

1.0815 mA swing in the electric current that is applied to 

patient. This swing doesn’t cause a negative effect on patient. 

By means of this study, time saving and minimizing human 

originated errors were provided while applying TENS. Besides, 

TENS can be applied on the patients who have communication 

difficulties. 

 
Index Terms—TENS, skin impedance, skin thickness, 

ANFIS 

 

I. INTRODUCTION  

Pain is a disturbing case that originates from ruin of 

texture. Besides, pain is a stimulator and a protection 

mechanism that causes various somatic, autonomic and 

sensuous responses to protect the balance of body [1]. Many 

investigations are performed for finding a treatment method 

that obviates the pain with fewer side effects, effectively [2]. 

Nowadays, TENS has become a very effective alternative 

treatment method since the use of drugs for chronic and 

perennial pain causes the desolation risk of kidneys and liver. 

In TENS method, electric current is used to stimulate the 

nerves with the help of electrodes which are placed on the 

skin [3].  

 

Fig. 1. Block diagram of modelling via ANFIS. 

The use of electrical current for pain relief dates as far 

back as the Egyptian era; however, the concept of electrical 

stimulation analgesia was not supported by a scientific 

theory until the publication of the gate control theory in 
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1965 [4]. Till nowadays, studies about TENS have been 

related to investigate its effects on animals and humans like 

mentioned in the studies of Walsh et al.(1995, 1998), 

Solomon et al. (2003) and Reeves et al. (2004) [5-8]. 

Differently, in this study, as a new approach, the effects of 

physiological parameters in humans have been investigated 

while application of TENS. By basing on the performed 

investigations, skin conductance and skin thickness have 

been chosen as the effective parameters. By basing on these 

parameters, modelling of TENS method via ANFIS has been 

performed. 

 

II. MATERIAL AND METHOD 

In this section, the collected data and the improved 

ANFIS model has been explained, briefly. 

 
Average Training Error: 0.53346 
Testing data : .    FIS output : * 

 
Average Testing Error: 0.82311 

Fig. 2. Training and testing errors of Zone 1. 

A. Data Set 

The concerned measurements have been carried out by 

employing 113 patients. Four implementation zones have 

been selected by considering the ailments which are met. 

The exceptional cases (for e.g. sense loss because of having 

no nerve transmission) have been eliminated. Thus, the 

number of patients has been reduced to 90. Names of the 

zones have been formed by considering the contact points of 

electrodes. The information about the selected zones has 

been provided in Table I. 

In this study, skin conductance and skin thickness have 

been selected as the effective parameters on TENS. The 

amount of applied current to the patient has been 

investigated according to these parameters, so current has 
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been considered as the output. It has seen that the amount of 

implemented current on same zone of the same patient 

could change as implementing TENS. It has detected that 

psychological state of the patient at that moment, heart rate, 

resting state etc. had important effect on this case. 

Accordingly, skin conductance has been chosen to consider 

these kinds of cases [9]. In human body, skin response can 

change according to many psychological and physiologic 

factors. Besides, the resistance value of almost every part of 

the body alters depending on the differences of skin nature. 

If nerves of any part of the body are damaged, it has 

detected that the resistance value near to the concerning part 

increases, excessively [10]. Skin thickness has been chosen 

as the second effective parameter. Skin thickness has the 

importance of denoting the change of different zones to 

which the positive electrode contacts. Skin thickness is 

dependent on the amount of collagen fibres, cellular 

substances and interstitial fluid content [11]. As a non-

invasive technique, ultrasonography has been reported to be 

very useful for measuring skin thickness, and it has been 

used in the studies relating skin thickness to age, sex and 

area of the body [12]. 

B. Modelling Via ANFIS 

ANFIS is an equivalent class of adaptive neural networks 

to FIS (Fuzzy Inference System) in terms of operation. In 

this study, the reason of employing ANFIS is its strong 

modelling ability and providing the optimum model by 

considering the structure and distribution of the data. In FIS, 

rules are formed, intuitively by an expert via the handled 

data. Therefore, it is possible to yield some errors 

originating from this manual modelling. Because of the 

mentioned properties of ANFIS, these kinds of errors are 

eliminated. Fig. 1 denotes the block diagram of the 

developed model via ANFIS. 

TABLE I:  DETAILS ABOUT THE SELECTED IMPLEMENTATION ZONES. 

Zone Explanation Ailment 
Number of 

patients 

Skin Conductance  

(k) 

Skin Thickness 

(µm) 

Implemented 

Current (mA) 

Zone 1 
Vallex – I (Upper Sciatica: 

waist- pelvis) 
herniated disk 20 285 - 750 1000 - 2500 13 - 27 

Zone 2 
Vallex - II (Lower 

Sciatica: knee -  ankle)   
herniated disk 20 480 - 930 800 - 2000 12.5 - 24 

Zone 3 Knee (Left and Right part) calcification 27 220 - 750 700 - 2200 14 - 22 

Zone 4 Neck - wrist calcification 23 325 - 782 800 - 1500 12 - 20 

TABLE II: MODELLING DETAILS OF IMPLEMENTATION ZONES. 

ZONES 

MODELING PARAMETERS RESULTS 

Skin Thickness (µm) Skin Conductance (k) Data Average 

Training 

Error 

Average 

Testing 

Error 
Membership 

Functions 
Rules 

Membership 

Functions 
Rules Training Testing 

Zone 1 5 5 5 5 16 4 0.53346 0.82311 

Zone 2 6 6 6 6 16 4 0.14957 0.8286 

Zone 3 5 5 5 5 22 5 0.45921 1.0078 

Zone 4 7 7 7 7 18 5 0.4268 1.0815 

 

III. EXPERIMENTAL RESULTS 

The aim of this study is to provide a model for TENS by 

considering the effective parameters in humans. In other 

words, the amount of electric current that is applied on 

human body is attempted to be estimated by handling these 

parameters. Measurements on the patients have been 

carried out zone by zone, by considering the ailments which 

cause pain. As mentioned before, four zones have been 

chosen for investigation. In accordance with the performed 

measurements, ANFIS has been employed for modelling. 

Training and testing results which belong to each 

implementation zone have been demonstrated in Fig. 2-5. 

Detailed information (numbers of membership functions 

and rules, numbers of training and testing data) regarding 

with the developed model have been indicated in Table 2. 

As it can be seen in the table, Average Training Error 

changes between 0.149 - 0.533 while Average Testing 

Error changes between 0.823 - 1.0815. The value 1.0815 

corresponds to a 1.0815mA current swing value in real 

TENS system. In other words, the current value that is 

applied to the patient can change in the range of actual 

value ± 1.0815. The current value that is actual value + 

1.0815 does not have any side effects on the nerve fibres 

and any hampers to obviate the pain. The mentioned 

situation is viable for the current value that is actual value - 

1.0815. But the current value which is actual value + 2 mA 

disturbs the patient, firstly. Besides, damage of nerve fibres 

and texture can occur in this case.  

 

IV. CONCLUSION 

In this study, modelling of TENS method has been 

performed. The aims are to provide time saving, 

minimizing the human originated errors and most 

importantly, applying TENS efficiently with minimum 

error on the patients who have communication difficulties. 

Four implementation zones have been selected by 

considering the ailments. As the result of performed 

modelling via ANFIS, Average Training Error changes 
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between 0.149 - 0.533 while Average Testing Error 

changes between 0.823 - 1.0815. The value 1.0815 

corresponds to a 1.0815mA current swing value in real 

TENS system. This swing does not have any negative effect 

on the patient. 

 
Fig. 3. Training and testing errors of Zone 2 

 

Fig. 4. Training and testing errors of Zone 3 

 

This study can be considered as a basis for the more 

advanced models. By detecting

 

the other effective 

parameters in humans, the number of input parameters can 

be increased. Thus, a more sensitive TENS modelling is 

performed. By increasing the number of output parameters, 

the effects like frequency and wave modes of

 

TENS can be 

considered. Accordingly, a more realistic model is 

performed. Finally, by performing the investigations on 

more patients, different ailments can be met and this 

enables us to perform measurements on various zones. 

Since much more data is obtained in this way, TENS will 

able to be modelled more sensitively and more close to the 

real applications.

 
ACKNOWLEDGEMENTS

 We present our thanks to Selcuk University Scientific 

Research Projects for their financial support and 

contributions.

 REFERENCES

 
[1]

 

R. A. Stereubach.  Chronic Pain as a Disease Entity, Triangle 

Company, London,1981. 

[2]

 

J. C.Mannheimer and G. N. Lampe. Clinical TENS, F. A. Davis 

Company, New York, 1984.  

[3]

 

J. Low. Electrotherapy Explained: Principles and Practice, 

Butterworths, Boston,1990.

 

[4]

 

R. Melzack and P. D. Wall, “Pain mechanisms: a new theory,”

 

Science. 1965, vol. 150, pp. 971 – 979. 

[5]

 

D. M. Walsh, N. E. Foster, G. D. Baxter, and

 

J. M. Allen,

 

“Transcutaneous electrical nerve stimulation (TENS): relevance of 

stimulation parameters to neurophysiological and hypoalgesic 

effects,”

 

Am J Phys Med Rehab. 1995, vol. 74, pp.

 

199 –

 

206.

 

[6]

 

D. M. Walsh, A. S. Lowe, K. Mccormack, J. C. Willer, G. D. Baxter, 

and

 

J. M. Allen,

 

“Effects of transcutaneous electrical nerve 

stimulation (TENS) upon peripheral nerve conduction, mechanical 

pain threshold and tactile threshold in humans,”

 

Arch Phys Med 

Rehab.

 

1998, vol. 79, pp.

 

1051 –

 

1058.

 

[7]

 

J. Solomon, V. Shebshacvich, R. Adler, S. Vulfsons, A. Rosenbach, 

and

 

E. Eisenberg,

 

“The Effects of TENS, Heat, and Cold on the Pain 

Thresholds Induced by Mechanical Pressure in Healthy Volunteers,”

 

Neuromodulation.2003, vol. 6, no. 2, pp. 102 –

 

107.

 

[8]

 

J. L. Reeves, S. B. Graff-Radford, and

 

D. Shipman,

 

“The Effects of 

Transcutaneous Electrical Nerve Stimulation on Experimental Pain 

and Sympathetic Nervous System Response,”

 

Pain Medicine. 2004, 

vol.

 

5, no. 

 

2, pp.

 

150 –

 

161.

 

[9]

 

E. Saracoglu. Modeling of TENS via ANFIS and FIS by Investigating 

Physiological and Physchological Parameters in Humans. MS 

Thesis, Graduate School of Natural and Applied Sciences, Selcuk 

University, 2009. 

[10]

 

Ö. Özkan

 

and

 

E. Köklükaya,

 

“Measuring the Sempatic Skin 

Response On Body And Using As A Diagnosis-

 

Purposed For Lung 

Cancer Patients By The Artificial Neural Networks,”  Electronic 

Letters on Science and

 

Enginnering.

 

2007, vol.

 

3, no.

 

1, pp.

 

10-17.

 

[11]

 

C. Eisenbeiss, J. Welzel, W. Eichler, and

 

K. Klotz,

 

“Influence of 

body water distribution on skin thickness: measurements using high-

frequency ultrasound,”

 

Brit J Dermatol. 2001, vol.

 

144, pp.

 

947-951.

 

[12]

 

K. Tsukahara, Y. Takema, S. Moriwaki, T. Fujimura, and

 

G. 

Imokawa,

 

“Dermal fluid translocation is an important determinant of 

the diurnal variation in human skin thickness,”

 

Br J Dermatol. 2001, 

vol. 145, pp.

 

590–596.

 

 

International Journal of Future Computer and Communication, Vol. 1, No. 2, August 2012

175

Fig. 5. Training and testing errors of Zone 4 


