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Introduction and background 

Pain is the most under managed vital sign in a clinical setting1 2. It is estimated one in five 
Australians lives with chronic pain including adolescents and children. This prevalence rises to 
one in three people over the age of 65. One in five GP consultations involves a patient with 
chronic pain and almost five percent report severe, disabling chronic pain. The economic cost 
of chronic pain in Australia is estimated at $34.3 billion per annum. It is the nation’s third most 
costly health problem, ranking only after cardiovascular disease and musculoskeletal 
conditions.  

The impact on the nation’s productivity is significant, with losses estimated at $11.7 billion per 
annum (34 percent of total pain-related costs). This equates to 36.5 million workdays lost 
each year. The cost to the health system is approximately $7 billion per annum. It is estimated 
that half of the economic cost of chronic pain could be saved by providing effective and 
timely treatment 3.  

Chronic pain conditions may have a major effect on the body physiology, functional status, 
work productivity, treatment costs, and on mental status 4. Pain stimulates the adrenergic 
nervous system, increases heart rate, blood pressure, and causes arteriolar constriction 5. 
Decreased physical activity due to pain may increase the incidence of pulmonary infections, 
deep venous thromboembolism, mortality and morbidity. All of this negatively effects the 
quality of life in chronic pain patients. 

NSAIDS are the most commonly used pain relief medications. Opioids are alkaloid analgesics 
used for the treatment of moderate to severe pain conditions. Long-term regular use of 
opioids can lead to tolerance, physical dependence, poisoning and in high doses, even 
death. It is estimated there were approximately 100 deaths in 2009 related to the use of over-
the-counter (OTC) opioids, and based on the trend this is likely to have increased in recent 
years 6. The most serious health risks include: suppression of breathing; tolerance leading to 
escalation of dosing; and breaking down in the body at different rates for different people 7. 

Concerns arising from the overuse of analgesic medications and opioid addiction have 
increased the need in non-pharmacological treatment for pain management including the 
development of devices using modern technology to relieve pain8. 
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Non-Invasive Interactive Neurostimulation (NIN): physiokey and sanakey


Non-invasive interactive neurostimulation (NIN) is a relatively new development in 
transcutaneous electrical nerve stimulation which may offer solutions to many of the 
application problems experienced  with conventional TENS treatment.

Transcutaneous electrical nerve stimulation (TENS) describes a range of battery powered 
electrical stimulation devices applied directly to intact skin, delivering electrical current to 
peripheral sensory nerve fibres 9 10  to elicit physiological responses, most commonly pain 
relief. The tenet of TENS is found in Wall and Melzack’s gate control theory which suggests 
that large nerve fibre activation can modulate pain sensation conducted in small fibre nerves, 
by gating or blocking the transmission within central nociceptive pain pathways11 12. 

Although the use of TENS contributes a component in multidisciplinary treatment programs 
for acute and chronic pain, especially for its low benefit-risk ratio and limited contraindication 
profile is considered, studies of TENS have produced limited statistically significant results 13. 
This has been compounded by a lack of consistency in approaches to using TENS, both 
clinically and in research14 15.  

The mechanism by which TENS suppresses pain is that it stimulates A-beta suppressing 
fibres and ‘overwhelms’ the C-pain fibres in the body. The effects are similar to that of 
continually rubbing a painful spot: after a while, the pain lessens because the area becomes 
numb. From a holistic perspective though, this is not the best way to manage pain, since the 
TENS unit relieves pain not through body awareness (which allows the system to self-regulate 
and correct ), but through lack of awareness (which may not allow for self-regulation and 
correction). This is a possible explanation as to why the effects of TENS treatments are often 
temporary. 

Non-invasive Interactive Neurostimulation (NIN) differs from conventional TENS in both the 
electrode configuration and the inbuilt circuitry that enables automatic adjustment to 
changing tissue impedance. Together these result in the delivery of higher density and 
amplitude of stimulation than is currently available with conventional TENS device 
specifications and electrode configurations16 17 18.  

Interactive Neurostimulation means that the stimulation responds to changes in the electrical 
property of the skin and tissue. The device waveform automatically adjusts as the impedance 
of the treatment area varies from one point to another as the device is moved or varies as a 
result of response to the stimulation. This technical advancement facilitates a number of 
differences in the application of the device which are aimed at optimising the clinical 
outcome. Those include, the identification of optimal treatment points and the delivery of a 
very high amplitude and high density stimulation. 
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physiokey and sanakey19 represent a dynamic advancement in the technology of electrical 
stimulation which facilitates unique applications, offering the user a highly flexible treatment 
tool. The nature of the physiokey and sanakey’s interactive neurostimulation allows for a 
unique evidenced based application that optimises certain treatment parameters and thus 
achieves consistently good results across a broad range of conditions, both acute and 
chronic in nature. It is easy to use and completely portable around the clinic, hospital or 
treatment centre yet enables a scientific method of delivering the optimal treatment for each 
and every patient. The 3-step protocol of scan, treat and assess integrates easily into current 
treatment practices and produces consistent results for the treatment of many painful 
conditions, providing not only direct therapeutic effect, but also activates the natural defences 
of the body16 20. 
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Biological foundations of NIN 

Non-Invasive Interactive Neurostimulation relies on the body’s mechanism of adaptation 
ensuring dynamic equilibrium and homeostasis. Regulation of the body’s vital functions is 
achieved through close connection and interaction of the nervous and endocrine systems.  

The effects of these systems result in the release of biologically active chemical modulators, 
called neuromediators. Examples of these neuromediators: 

• amine: acetylcholine, noradrenalin, adrenalin, dopamine, serotonin epinephrine, 
norepinephrine, histamine 

• amino acids: glycine, glutamic, aspartic and gammaaminobutyric acid.  
• purine nucleotides: adenosine, cytidine, guanosine, thymidine 
• neuropeptides: enkephallin, neuropeptide Y, cholecystokinin, substance P, neurotensin. 

During physiokey and sanakey therapy it is the neuropeptides that are the most important 
chemical modulators. Neuropeptide-producing nerve fibres make up more than 70% of the 
body’s neural tracts and can therefore be stimulated from many areas of the skin. The main 
goal of physiokey therapy is to induce the secretion of a sufficient amount of neuropeptides 
to relieve pain and initiate a healing response. This is achieved by active feedback 
mechanisms, damped, bi-phasic, sinusoidal impulses and individualised treatment 21. 

The most unique characteristic of physiokey and sanakey is that they can induce changes in 
the parameters of its impulse automatically and in accordance with the body’s response to 
the device. While conventional physiotherapeutic devices are passive, physiokey and 
sanakey involve active feedback. The devices do this by monitoring the skin’s impedance and 
then changes the electrical impulse it emits accordingly. 

The characteristics of the physiokey and sanakey impulses are such that the probability of 
excitation of the thin neuropeptide-secreting neural fibres is higher than conventional 
methods of electrotherapy 22 23 24. 

physiokey and sanakey therapy functions on two physiological principles: that the body has 
its own healing capabilities and that we can promote this ability to heal by stimulation of the 
areas of the brain responsible for regulation of the autonomic nervous system and 
homeostasis. physiokey and sanakey technology is hypothesised to produce both local 
effects - by stimulating the skin, muscle and blood vessels - as well as a general influence - 
by an effect on nervous and endocrine systems.  

It is further hypothesised that the pattern of physiokey and sanakey impulses stimulate 
nervous pathways via ‘keypoints’ on the skin in an effort to restore and to improve the 
regulation of the disease-affected organs and tissues. The physiokey and sanakey device 
function is aimed at stimulating the skin surface with specifically shaped impulses. Constant 
measurement of electric skin parameters enables an intelligent feedback mechanism via a 
patented modulation algorithm. 

©Chris Mortensen. All Rights Reserved July 2018 "  of "6 14

Biological foundations of NIN



The physiokey and sanakey devices are small, hand-held transdermal neurostimulators that 
contain a cutaneous impedance sensor, delivering non-invasive, computer-modulated 
electrical stimulation via the patient’s skin and involves damped, bi-phasic, sinusoidal 
impulses with little discomfort to the patient. These impulses stimulate both the A delta fibres, 
responsible for the quick, shallow first pain, and the C fibres, known to maintain the state of 
hyper-excitability of the painful area and the spread of the hyperalgesic state to nearby 
neurons.  

It has been shown that an electrical stimulus activates C fibres when an intensity higher than 
the threshold for A fibres is used. Due to the device’s delivery of high amplitude oscillating 
waveforms in millisecond dosages, small unmyelinated C fibres can be stimulated to a higher 
degree than with other forms of electrotherapy. Stimulation of ‘C’ fibres has been shown to 
activate the right and left anterior insula and the frontal operculum of the brain. The anterior 
insula are responsible for perception of pain and the maintenance of homeostasis within the 
body 21. 

When sufficiently stimulated, ‘C’ fibres also trigger local neuro- and regulative-peptide release 
with resultant pain relief and healing. The physiokey and sanakey impulse is carried via 
afferent nerve fibres to regulatory centres in the brain which in turn responds via efferent 
nerve fibres. The physiokey interprets this response and, via computer modulation, results in 
its next impulse being modified accordingly which further provides information back to the 
brain to either amplify or dampen the pathological signals initiating pain. 
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physiokey and sanakey treatment 

Every physiokey and sanakey treatment is designed to optimise four main aspects of any 
neurostimulation treatment to ensure better and lasting results. Research has shown that the 
optimisation of various treatment parameters can significantly increase the effectiveness of 
neurostimulation across a broad range of painful conditions. Missing any one of these 
parameters could significantly reduce or even negate any clinical benefit from the treatment 14 

25.  

Optimal Treatment Points.  
The physiokey and sanakey identify areas of low skin impedance. The low impedance of the 
skin is caused by an increase in the galvanic or sympathetic skin response 26 27.  These areas 
of low skin impedance relate to major nerve branches trigger points, acupuncture points, and 
localised areas of sympathetic skin response. Research has shown that targeting these 
points gets a better clinical result.   

Melzack et al 28 compared the spatial distribution and associated pain patterns of trigger 
points and traditional acupuncture points using body maps compiled by several authors and 
concluded that there was a high degree of correlation (71%) for both criteria. In essence, 
these are treatment points which will respond best to electrical stimulation; their locations 
vary and are unique to each patient. Much like manual therapists scan muscles with their 
hands before deciding where best to apply pressure based upon finding trigger points and 
adhesions, a physiokey practitioner identifies the most responsive cutaneous nerves based 
upon relative skin impedance differences. 

This scanning methodology ensures patient specific, multiple and varied treatment locations 
to elicit the most effective pain relief. Melzack showed that treating major nerve branches, 
trigger points, and secondary areas on the dermatome, in addition to the area of pain, with 
high amplitude stimulation provided the most effective and sustained pain relief as opposed 
to lower amplitude treatment delivered only to the point of pain. Scanning for and then 
targeting areas of low impedance with physiokey and sanakey key as well as points of pain 
ensures all of these aspects are included in a physiokey and sanakey protocol. 

High Amplitude Stimulation.  
The physiokey and sanakey deliver safely and comfortably a much higher amplitude signal 
than would normally cause muscle contraction with a TENS or interferential. This is made 
possible by the interactive neurostimulation and the fixed electrode head - the practitioner is 
able to deliver direct stimulation without uncomfortable muscle contraction 29 30 31 32 33 34 35 36.      

Variable Frequency.  
A range of analgesic mechanisms are activated when varying frequencies are used. The 
physiokey has a frequency range from 5 - 460Hz. All physiokey and sanakey protocols 
ensure that a broad range of frequencies are delivered in every single treatment 37 38 
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Prevention of Accommodation. 
Research has shown that treating too often, treating too long, and treating in fixed 
frequencies causes the body to stop responding to neurostimulation after a period of time, 
sometimes as little as four 20-minute treatments 39 40 . physiokey and sanakey protocols 
focus on delivering short infrequent treatments to multiple treatment points that change in 
every treatment, and by using a wide range of frequencies, the physiokey and sanakey 
ensures patients continue to respond to treatment over the full treatment course. 

physiokey and sanakey treatment protocol 

Every physiokey and sanakey treatment follows a 3 step protocol 

 
physiokey and sanakey treatment protocols progress from simple to more complex 
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SCAN

TREAT

ASSESS

Scan for Keypoints 
Keypoints are low skin impedance points/areas on the skin where; 
1. the physiokey and sanakey electrode drags (‘sticks to the skin’), 
2. the physiokey and sanakey impulse feels stronger, 
3. the sound of the physiokey and sanakey get quieter, 
4. the colour of the skin in the area being treated has a pronounced change.

Treat Keypoints 
Use the physiokey and sanakey electrode to clear keypoints.

Assess Treatment Outcome



physiokey and sanakey observed clinical effects 

• Pain Relief:  
• Autonomic responses from the patient: 

• Sympathetic – in some cases patients may begin to perspire, heart beat and blood 
pressure increases slightly, and the patients feels warm,  

• Parasympathetic – after 10 to 15 minutes of physiokey therapy, most patients 
become relaxed, their heartbeat slightly decreases, and their blood pressure 
normalises;  

• Post physiokey therapy– most patients report having prolonged deep sleep ‘first time in 
years’; 

• Range of motion increases due to muscular relaxation;  
• Microcirculation – increased – directly under the physiokey and sanakey electrode one 

can see erythema after a few minutes of application;  
• Feeling of well-being, lightness, relaxed, sleepy, but not tired.  

 

physiokey and sanakey intended use 

• Acute and chronic pain 
• Increased blood circulation 
• Passive muscle stimulation 
• Improvement and recovery of function. 
• ARTG identifier (Australia) physiokey 230724 and sanakey 2560053 

 

Contraindications 

• On-demand-type cardiac pacemaker or other electrically powered implant.  
• Electrode placement over malignant tumours.  
• Use over open wounds.  
• Patients prone to seizures.  
• Alcohol intoxication.  
• Pregnancy. 
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sanakey personal/patient device 

 

 

 

physiokey practitioner device  

©Chris Mortensen. All Rights Reserved July 2018 "  of "11 14

sanakey personal / patient device 

physiokey practitioner device 



References 

1. Warfield CA, Kahn CH: Acute pain management. Programs in U.S. hospitals and 
experiences and attitudes among U.S. adults. Anaesthesiology. 1995 Nov;83(5):
1090-4. 

2. Grabois M: Management of chronic low back pain. Am J Phys Med Rehabil. 2005 Mar;
84(3 Suppl):S29-41.  

3. Prevalence and the Human and Social Cost of Pain. Retrieved from http://
painaustralia.staging3.webforcefive.com.au/static/uploads/files/painaust-factsheet2-
wfdahrmggvwp.pdf  

4. Sinatra RS, et al: Efficacy and Safety of Single and Repeated Administration of 1 Gram 
Intravenous Acetaminophen Injection (Paracetamol) for Pain Management after Major 
Orthopaedic Surgery. Anaesthesiology 2005; 102:822–31 

5. Terkelson et. al. Acute pain increases heart rate: Differential mechanisms during rest 
and mental stress. Autonomic Neuroscience 2005; 121:101-109 

6. Trends and characteristics of accidental and intentional codeine overdose deaths in 
Australia. Amanda Roxburgh, Wayne D Hall, Lucinda Burns, Jennifer Pilgrim, Eva Saar, 
Suzanne Nielsen and Louisa Degenhardt. Med J Aust 2015; 203 (7): 299. || doi: 
10.5694/mja15.00183. Published online: 5 October 2015  

7. http://www.tga.gov.au/codeine-info-hub  

8. FDA Innovation Challenge: Devices to Prevent and Treat Opioid Use Disorder. https://
www.fda.gov/AboutFDA/CentersOffices/OfficeofMedicalProductsandTobacco/CDRH/
CDRHInnovation    

9. Johnson, M. I. (2014). Transcutaneous electrical nerve stimulation: review of 
effectiveness. Nursing Standard, 28(40), 44.  

10. Johnson, M. I., & Bjordal, J. M. (2011). Transcutaneous electrical nerve stimulation for 
the management of painful conditions: focus on neuropathic pain. Expert Review of 
Neurotherapeutics, 11(5), 735-753. doi: http://dx.doi.org/10.1586/ern.11.48  

11. Melzack R: Prolonged relief of pain by brief, intense transcutaneous somatic 
stimulation. Pain. 1965;1: 357-373  

12. Binder R & Baron A: Neuropathic pain: diagnosis, pathophysiological mechanisms, and 
treatment. Lancet Neurol. 2010 Aug;9(8):807-19. doi: 10.1016/
S1474-4422(10)70143-5.  

13. Machado et. al. The effects of transcutaneous electrical nerve stimulation on tissue 
repair: A literature review. Can J Plast Surg. 2012 Winter; 20(4): 237–240.  

14. Bjordal, J. M., Johnson, M. I., & Ljunggreen, A. E. (2003). Transcutaneous electrical 
nerve stimulation (TENS) can reduce postoperative analgesic consumption. A meta-
analysis with assessment of optimal treatment parameters for postoperative pain. 
European Journal of Pain, 7(2), 181- 188. doi: 10.1016/S1090-3801(02)00098-8   

©Chris Mortensen. All Rights Reserved July 2018 "  of "12 14

References



15. Breit, R., & Van der Wall, H. (2004). Transcutaneous electrical nerve stimulation for 
postoperative pain relief after total knee arthroplasty. The Journal of Arthroplasty, 19(1), 
45-48   

16. G. Gorodetskyi et al, The effects of non-invasive, interactive Neurostimulation on pain 
and oedema during post- surgical rehabilitation following internal fixation of unstable bi-
malleolar ankle fractures, Presented as a poster by Dr James Dillard at the IASP 2008, 
Glasgow, Scotland. Accepted for publication Dec 2009, Journal of Foot and Ankle 
Surgery.   

17. Biggs, N., Walsh, D. M., & Johnson, M. I. (2012). A comparison of the hypoalgesic 
effects of transcutaneous electrical nerve stimulation (TENS) and non-invasive 
interactive neurostimulation (InterX(®)) on experimentally induced blunt pressure pain 
using healthy human volunteers. Neuromodulation: Journal Of The International 
Neuromodulation Society, 15(2), 93-98. doi: 10.1111/j.1525-1403.2011.00394   

18. Trowbridge, C., & Magee, P. J. (2010). Interactive neurostimulation (InterX) optimisation 
of electrical stimulation treatment parameters. Industry White Paper. Neuro Resource 
Group   

19. physiokey ARTG 230724 and sanakey ARTG 260053: Non-invasive, 
electrotherapeutic, hand-held device that can be used to reduce acute and chronic 
pain, improve blood circulation, perform passive muscle stimulation, and facilitate 
functional restoration and improvement. The device uses the process of non-invasive 
neurostimulation.   

20. G. Gorodetskyi et al, The effects of non-invasive, interactive Neurostimulation on pain 
and oedema during post- surgical rehabilitation following internal fixation of unstable bi-
malleolar ankle fractures, Presented as a poster by Dr James Dillard at the IASP 2008, 
Glasgow, Scotland. Accepted for publication Dec 2009, Journal of Foot and Ankle 
Surgery.  

21. Weiss, Thomas et al (2008) “Brain activation upon selective stimulation of cutaneous C- 
and Aδ -fibres” NeuroImage  41:pp1372-1381  

22. Han J S: Acupuncture: neuropeptide release produced by electrical stimulation of 
different frequencies. Trends in Neurosciences, 2003 January; 26(1)   

23. Hamza MA, White PF, Ahmed HE, Ghoname EA: Effect of the frequency of 
transcutaneous electrical nerve stimulation on the postoperative opioid analgesic 
requirement and recovery profile. Anesthesiology. 1999 Nov; 91(5): 1232-8   

24. Heidland A et al.: Neuromuscular electro stimulation techniques: historical aspects and 
current possibilities in treatment of pain and muscle wasting. Clinical Nephrology,Vol. 79 
- No. Suppl. 1/2013, p12-23     

25. Carroll D, Tramer M, McQuay H, Nye B, Moore A. Randomization is important in studies 
with pain outcomes: Systematic review of transcutaneous electrical nerve stimulation in 
acute postoperative pain. British Journal of Anaesthesia 1996; 77:798-803   

26. Schultz SP, Driban JB, and Swanik CB. The evaluation of electrodermal properties in 
the identification of myofascial trigger points. Arch Phys Med Rehabil. 2007;88(6): 
780-784  

©Chris Mortensen. All Rights Reserved July 2018 "  of "13 14



27. Korr, I.M., H.M. Wright and J.A. Chace. Cutaneous patterns of sympathetic activity in 
clinical abnormalities of the musculoskeletal system. Acta Neuroveg, 25:589-606, 1964   

28. Melzack, R., Stillwell, D.M. & Fox, E.J. (1977) Trigger points and acupuncture points for 
pain: correlations and implications. Pain, 3, 3   

29. Zang Hee Cho Ph.D. Neuro-Acupuncture, Volume 1: Neuroscience Basics ISBN: 
9780970645517; Calif: Q-Puncture Inc; 2001   

30. Lee KH, Chung JM, Willis WD. Inhibition of primate spinothalamic tract cells by TENS. J 
Neurosurg. 1985; 62: 276-287  

31. Linda S. Chesterton, Nadine E. Foster, Christine C. Wright, G. David Baxter and Panos 
Barlas Effects of TENS frequency, intensity and stimulation site parameter manipulation 
on pressure pain thresholds in healthy human subjects Pain, Volume 106, Issues 1-2, 
November 2003, Pages 73-80  

32. Garrison DW, Foreman RD: Effects of prolonged transcutaneous electrical nerve 
stimulation (TENS) and variation of stimulation variables on dorsal horn cell activity, Eur 
J Phys Med Rehabil 6:87-94, 1997   

33. Reilly JP, Applied Bioelectricity: From Electrical Stimulation to Electropathology, 1998 
Springer-Verlag NY. pg 130 and 23  

34. Christie Q. Huang, Robert K. Shepherd Reduction in excitability of the auditory nerve 
following electrical stimulation at high stimulus rates: Varying Effects of electrode 
surface area Hearing Research 146 (2000) 57-71   

35. G Pyne-Geithman G, Clark J F, InterX elicits significantly greater physiological response 
than TENS: Lymphocyte metabolism and Cytokine production. Presented as a poster 
at IASP 2010, Montreal, Canada. Aug. 29th 2010.   

36. Carbonario F, Matsutani LA, Yuan SL, Marques AP. Effectiveness of high-frequency 
transcutaneous electrical nerve stimulation at tender points as adjuvant therapy for 
patients with fibromyalgia. Eur J Phys Rehabil Med. Apr 2013; 49(2):197-204. 

37. Han J S, Acupuncture: neuropeptide release produced by electrical stimulation of 
different frequencies. Trends in Neurosciences, Vol. 26, No.1, January 2003   

38. Hamza, M.A. et al. (1999) Effect of the frequency of transcutaneous electrical nerve 
stimulation on the postoperative opioid analgesic requirement and recovery profile. 
Anaesthesiology 91, 1232–1238  

39. Chandran P, Sluka KA. Development of opioid tolerance with repeated transcutaneous 
electrical nerve stimulation administration. Pain. 2003;102:195–201    

40. Josimari M. DeSantana, PhD, Valter J. Santana-Filho, MSc, Kathleen A. Sluka, PhD: 
Modulation Between High- and Low-Frequency Transcutaneous Electric Nerve 
Stimulation Delays the Development of Analgesic Tolerance in Arthritic Rats Arch Phys 
Med Rehabil Vol 89, April 2008: pg 754-760

©Chris Mortensen. All Rights Reserved July 2018 "  of "14 14


	Introduction and background
	Non-Invasive Interactive Neurostimulation (NIN): physiokey and sanakey
	Biological foundations of NIN
	physiokey and sanakey treatment
	physiokey and sanakey observed clinical effects
	physiokey and sanakey intended use
	Contraindications
	sanakey personal/patient device
	physiokey practitioner device
	References

