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Most of us have tinnitus occasionally, with about 25% suffering noticeably from it, and having tinnitus regularly about once or twice a week. It depends very much on how tolerant a person will be to noise. About 6% of the population in the UK, representing about 3.6 million people, have moderate or severe tinnitus and would very much like to get rid of it. Unfortunately, some NCIUA members may be in this 0.5% who have severe tinnitus where it does make huge inroads into their way of life, into their work and into their leisure so it is not a small problem. Tinnitus is a major problem and it is getting worse as the average age of the population increases and we are unable to persuade our children not to go to these very loud discos and ruin their ears. About 80% of people with tinnitus have a substantial, maybe 30%, hearing loss. 

Tinnitus is a clear neurological problem not a fantasy. It is not psychiatric. Over the past twenty to thirty years conventional wisdom of how tinnitus arises has changed. Tinnitus generation is now believed to be in the brain and it is not a cochlear problem as previously thought. It may be dependent on what the cochlea tells the brain but it is still very much a brain problem. There are different types of tinnitus. Instantaneous tinnitus is when you are subjected to a very loud noise such as an explosion. There will be cochlear damage and tinnitus will immediately appear. This is probably the result of a discharge from the neural elements in the cochlea that have been damaged, but it is not permanent. This is more or less reversible unless the cochlea relays to the brain that it has been damaged. If this happens we will have a trace in the brain that will be very much more problematic.

The long term type of tinnitus is caused by the reorganisation of the parts of the brain that are actually converting the information that comes from the cochlea into meaningful perceptions. I will use the sense of touch to explain it. The sense of touch in the hand is recorded in different parts of the brain depending on which finger is being touched. There are non-invasive scanning techniques which show which part of the brain is responding to what kind of stimulus. What happens if a finger is cut off? Other sensory fibres invade the part of the brain that formerly received information from the amputated finger. In other words the damage that is caused in the brain by removing the index finger is compensated by the repair system in the brain. Our brain is plastic, plastic as in Plasticine not plastic as in plastic bags. If you have incurred some kind of deafness it means that you have lost some of the 20 to 25_00 hair cells we have in each cochlea. This means that connections to the brain are lost. Parts of the brain are consequently vacated, due to the loss of the hair cells, and this area becomes invaded by other fibres that may, or may not, be auditory fibres. During these re organizational changes brought about by the brain attempting to repair itself neural loops or connections are made that are perceived as noises. Phantom limb pain, where a patient perceives pain in that part of the body that has been lost, is a similar example of the brain generating some undesirable connections during the repair process. The tinnitus that is generated in the brain is much more intractable than the explosive type of tinnitus that is down in the cochlea.

The auditory nerve carries some information from the cochlear implant to the brain as long as the nerve is active. The brain is capable of controlling the volume of sound coming from the cochlea by changing the sensitivity of the ear. If the intensity of the sound coming from the cochlea is low then the amplification gain is turned up and if the sound is loud then the brain turns down the volume control. Before implantation of aprosthesis the amplification gain system is working at full stretch because the brain is not receiving much sound from the cochlea. The presentation of any sound by the cochlea subsequent to the implantation will therefore result in the sensitivity of the system being turned down with a resulting drop in the volume of the tinnitus. Such a mechanism is probably also accompanied by the new sound impinging on the tinnitus generating neural pathways and changing their tinnitus generating properties.

We have in our brain a population of 10.000 million cells. If only 1 % are involved in hearing we are still talking about 100 million cells looking after your hearing, making sense of it and processing the information that comes through from the cochlea. Each of these cells have got something like 10,000 connections so that the connectivity within the brain is extremely complex. Let's have a look at a single cell. It speaks to its neighbour by generating a kind of electrical impulse but the impulse is not carried along by a wire, but rather a kind of Mexican wave. The cell actually emits a chemical, called a transmitter, which locks into the next nerve cell and causes that cell to generate another electrical impulse and release another neurotransmitter and so it goes on. One Mexican wave can activate many different nerve cells and there may be more than one Mexican wave influencing one cell. The complexity is unimaginable.	
Cells influenced Mexican wave activity do not necessarily have to be excited. They can also be inhibited. If you go to strange bedroom where there is a clock ticking all the time, you may not be able to go to sleep, but the second night you sleep soundly. Perhaps it is because you are more tired but actually it is because the sound of the clock is no longer getting to that part of the brain that actually records it. This means that somewhere in the brain we have activated more waves that inhibit the nerve cells from firing, or generating electrical impulses, than waves that causes excitation. When your cochlear implant is in place, we are getting more activity and this drastically changes this ratio of excitation to inhibition and the way it can influence tinnitus. Usually it's a drop in the tinnitus, but not always. If that particular implant tends to generate more excitation it could make the tinnitus worse but, generally speaking, we are activating more of these waves that cause inhibition. Tinnitus is a very difficult subject to look at pharmacologically because there is no pharmacological  target. Most clinically used drugs have molecular targets. They inhibit enzymes, block membrane transport, stimulate of block receptors but they have a target and we know where they work and what they do to that system. We don't know exactly what tinnitus is so we cannot devise a drug. There is a very diverse population of patients suffering from tinnitus and no two people have exactly the same type of noise. Nor is the intensity of the sound an indication of how much people suffer from tinnitus. Our knowledge of the mechanism of tinnitus generation is fairly new, only four or five years, but a drug to eliminate tinnitus from the brain may still be many years away.
In answer to questions Dr Davies said that about 60% of people with tinnitus who had cochlear implants found that their tinnitus is abolished when using their implant. Only a tiny minority reported a worsening of their tinnitus but even then there might be other factors involved. He said the best thing to do when the tinnitus increased, such as after a night's sleep, was to switch on the implant and listen to music or some kind of noise.

