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Theory

We do not yet have a proven explanation of how Lissim works. Neither do physicists yet have proven or intelligible explanations of gravity or magnetism. But lack of explanation does not stop engineers from using gravity or magnetism in their machines, and it is no reason to stop any of us from doing Lissim with our fingers.

One thing we can say for certain: Lissim does not depend on any special magic in the fingers of its discoverer because she has taught other people to cure themselves and their friends. Lissim is something we can all do – and it is astonishing that, until now, we have not known it.

There is one possible explanation for how Lissim works that occurred to me because of my knowledge of electronic systems. I have discussed this theory with some medical people, including one expert on pain, and they have found it reasonable and interesting.

My tentative explanation depends on the notion of automatic gain control. ‘Gain control’ just means control of the sensitivity of the system. Increased gain equals increased sensitivity. If gain goes up, the same input signal will give greater output – and also weaker signals will now exceed a threshold.

Automatic gain controls are widely used in radio receivers in an attempt to keep the sound volume steady despite variations in the propagation of radio waves caused by changes in the ionospheric layers round the earth. They are also common in the body. For example, your eyes gradually become more sensitive when you go from daylight to a darkened room.

This is called ‘dark adaptation’. The eyes adapt automatically to the reduced light by means of increased gain in the system and we begin to be able to see in the darker conditions.

Perhaps the same kind of thing happens in the muscle fibres of the body. If so, here are some suggestions about its relevance to pain. It might turn out to be particularly important in the onset and maintenance of chronic pain.

When the body is injured, it is often desirable for the injured part to be kept still while it heals. So, when a pain signal reaches ‘Head Office’, a pain-aware management will issue a new policy directive to reduce command signals that call for movements from the trouble area. This reduction in input signals will lead to an increase of gain in the system, which means there will be increased responsiveness to any signals that do arrive.

Muscle fibres that tighten and stay tightened (instead of contracting and relaxing again in the normal way) can cause much pain. Abnormal long-lasting tightness might occur if the fibre had become so sensitive that it kept contracting in response to small random signals of the kind that engineers call ‘noise’. Noise is always present in every communication system and causes problems if its level exceeds a threshold. If this happened in the nerves controlling the contraction of a muscle, there would be too much tightening and consequent pain. This would lead to a further need to avoid movement and a further reduction in the normal input signals, which would drive sensitivity still higher. We would then have a positive feedback loop. This can send a system into one of two stable states that can last indefinitely. In electronics this circuit is called a bistable. Perhaps this is how much chronic pain develops. 

If this is an accurate account of what happens, how can Lissim help to return things to normal? The most obvious answer is that Lissim touch sends in a signal that can break into the loop and reset the gain controls.

We should not be surprised that the best place to do the treatment is at the end of the muscle where it attaches to a bone and not at the centre of the muscle where the pain is felt. What sensible designer would have a control box swinging around at the muscle centre when there is a stable anchor point?

There could be some significance in the tremor of a very light touch. This tiny tremor produces a series of make-and-break contacts between the tip and the skin over the inlet point. Many electro-mechanical control systems do not give a completely steady output of the controlled quantity but show a slight oscillation or dither. Similarly humans cannot keep fingers completely steady. It is much easier to detect and amplify an alternating signal of a known frequency and bandwidth than a small steady signal. The frequency of finger tremor will be linked to the firing rate of the nerve impulses that control it. This means it will have repetition rates close to those that would normally control the defective muscle.

Measurement
Since it seems reasonable to think that Lissim touch may be an electrical phenomenon we decided to look for evidence of electrical currents flowing between finger and body. This is not easy to do because there is normally a great deal of electrical activity going on around a body. Nerves produce short electrical pulses to send sensory information and muscle commands.

Muscles, especially the heart muscles, produce larger slower ones every time they operate. If the skin is in contact with different metals its salinity can make a battery that can generate over half a volt. A stress on any material with an asymmetric molecular structure will develop an electrical charge when it is put under mechanical load. This happens when the insulation of most types of electrical wiring is bent. The human body can form one plate of a capacitance which can be driven by the electrical field from the supply voltage of the house wiring. If the contacting bodies form a loop they will form the secondary winding of a transformer which will couple with magnetic fields caused by nearby electrical currents. In normal weather conditions there is an electrical gradient of about 100 volts per metre, positive-upwards through the earth's atmosphere. You would need a very high input resistance meter to detect it but it reverses and gets very much larger and easier to detect during thunder storms! While the interference from the wiring of the building is usually the strongest source of disturbance, there are also signals from many radio stations, mobile phones, unintended radiation from electrical equipment and even sources from outer space. On top of all that, every electronic measuring system has internal noise and drift that will be amplified along with the signal that we we are trying to measure. Measuring any signals from Lissim is like picking out a single conversation in the middle of a football crowd.

It is difficult but possible to measure a current in a conductor from the magnetic field that it induces in the surrounding space. But a more convenient way is to cut the conductor, insert a low value resistance at the cut and measure the voltage drop across the resistance. If the resistance is low relative to others in the circuit, the system can go on behaving as if it was not there. However, the lower the resistance the smaller will be the voltage you have to measure. As we were measuring resistances of several megohms from dry finger tips it seemed sensible to choose a series resistance of about 100 kilohms as being 'low'. It is convenient to make this from two 51 kilohm resistors with a centre tap going to ground through a very high – 200 megohm – resistor.

The first idea for making connections to the finger tip was to cut a small patch from the finger-tip of a rubber kitchen glove and use the rest as an insulating sleeve. We then wrapped the sleeve in aluminium foil, which could make contact with the fingertip through the hole in the glove. We wound one of the copper signal wires round this foil and wrapped the winding in a layer of cling film to act as an insulator. We then added a second layer of kitchen foil outside the cling film to make contact with the patient, wrapped the second signal wire round the second foil layer and kept everything in place with micro-porous medical tape. The signal wires were PVC insulated inside a common screen. There were several problems with this arrangement. The finger felt heavily bandaged. There was less feeling of contact with the patient. The contact between the copper and the aluminium was possibly intermittent.

There seemed to be spurious signals generated just by the flexing of the input leads. A better connection system was needed. We decided to use double-sided flexible, printed-circuit material. The patterns of the two sides are shown in figure 1. The black parts are etched away to leave copper in the clear regions.
Figure 1. The flexible printed circuit for making a screened finger contact.
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The signal wires are soldered to the outer ends of the two dog-bone shapes and the cable screen is soldered to the copper surrounding them. All but the central circles are covered with insulating tape. Wire loops are soldered to the copper ends to allow the attachment of an elastic band going to a wrist strap. This pulls the circuit into a U-shape round the operator's finger.

To avoid the generation of error signals due to cable flexure we used low-noise cable type 367-296, from the world’s best engineering component supplier, RS. This has a single 10/0.1 core with a polythene insulator over which is a layer of black semi-conducting polythene. This reduces piezo effects from cable flexure but must be carefully scraped away from the joint region. We twisted the two cables together as a gesture of defiance against magnetic fields.

The electronics circuit is shown in Figure 2 (see below). The input has to minimise the amount of current taken from the sensing resistor. This can be done by using field-effect transistor operational amplifiers in the unity gain configuration at the front. There is a wide range of suitable amplifiers. For this application we should use one with low noise, low offset current and stable offset voltage drift.

Figure 2. The circuit diagram for sensing Lissim currents.
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The next step was to use an amplifier which amplifies the difference signal between two inputs but has a very much lower gain for signals that are common to both. With the right adjustments the ratio of the gains can be about 10,000 to one. The resistors shown in the circuit diagram give a differential gain of 100.

The resistor values for the second stage were carefully matched. Again we want low voltage-noise and low voltage-drift but, because we are driving the second stage from only 1.8 kilohms we can relax the specification for current errors. By connecting a signal generator to the centre tap of the 51 kilohm current-sensing resistors and adjusting the potentiometer to minimise the output we can get the best common mode rejection.

The third stage uses a field-effect operational-amplifier with a gain of 10. The non-inverting configuration gives a very high input resistance. This allows us the option of a coupling through a capacitor that removes the effects of drift in the earlier stages by blocking the zero frequency components on the signals. If we close the switch to short the capacitor we can restore direct coupling for true low-frequency response at the cost of a possible offset.

So far the circuit has quite a high bandwidth and will measure lots of high frequency noise. We can reduce this by filtering out signals above any chosen frequency. We chose a value of 2.5 kHz using a four-pole Bessel Filter. The Bessel design has the lowest effect on the shape of the pulses that get through. If you want to choose other frequencies, use the design technique described by Horowitz and Hill in The Art of Electronics published by Cambridge University Press. This is without any doubt the best ever book for people who want to build working electronic circuits.

The two pairs of filter stages drive two more operational amplifiers which together give a gain of two, making the overall gain 2000. With the 100 kilohm sensing resistor the overall transfer function is then 2000 times 100,000 = 200 million volts per amp or more conveniently 0.2 volts per nanoamp.

It is a good idea to run sensitive amplifiers at a lower voltage, which can be kept cleaner than the ±15 volt supply by two super-Zener regulators with some de-coupling capacitors. The circuitry was built on pin board which was screwed to an aluminium ground plate with separating spacers. This did the job of the ground plane used in many printed circuit boards but allowed circuit modifications.
The complete assembly was taped to the forearm of the Lissim operator,who did not find it comfortable. We then found that almost the identical circuit of the front end and differential stages is available as a single integrated circuit made by several manufacturers. They come in a tiny surface-mount package which would be small enough to fit on a ring round a finger rather than a forearm. This could send a large signal to a separate box for filtration. We will use this in the next design.

We sent the signal to a Textronix TDS210 oscilloscope which was fitted with an output to a computer printer with all the details of its settings. If we arranged the screening well enough to suppress the interference with the building supply, the variable gain of the oscilloscope would let us resolve down to about half a nanoamp.

When we did Lissim touch using this equipment from an operator to an inlet point on herself, we recorded a series of sporadic negative-going current spikes with a duration of a few milliseconds and a range of amplitudes up to three micro-amps at intervals of a few milliseconds between the pulses of a group but with much longer gaps between groups. When she touched another person there were a mixture of positive and negative-going spikes.

This was very encouraging but we are still concerned about possible interference.

What can we conclude?

Our attempts at measurement are still in the very early stages and we will not rush to conclusions. At present we can say with confidence: 

1. That we have recorded electrical signals passing between finger and body when Lissim touch is being used.

2. That some of these signals have amplitudes and waveforms in the range of those known to occur in the body – and not unlike those used in some electrical instruments sold for the relief of pain.

However we have no evidence about directionality. That is, our present data cannot tell us whether the operator’s finger is generating signals or providing an exit path for signals from the patient’s body. From the point of view of possible therapeutic effect, it might not matter which of these was happening. It is even possible that both might be happening. 

A further possibility, not so far ruled out, is that mechanical signals at the point of contact are playing a part. The slight vibration of Lissim touch might perhaps be inducing piezo-electric or other effects in the patient’s tissues.

Considerably more work is needed, preferably in a room that is well screened against electrical interference. We would welcome communications from people who could replicate and extend the observations.
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