Interferential Current Therapy 
ITF History                                                                                                                                        Interferential current therapy was developed in the 1950s by Dr Hans Nemec. The concept of ITF is to relieve pain, acute and chronic, and create an analgesic effect (Rampazo and Liebano, 2022). Commonly, it targets musculoskeletal pain, tissue repair, edema reduction, and autonomic effects. These effects include blood flow velocity, blood vessel size, control of incontinence, and heart rate variability (Rampazo and Liebano, 2022). It can be used in a 2-pole or a 4-pole setting. A 4-pole setting follows a clover pattern.
Application                                                                                                                                                         ITF is the application of two medium frequencies that alternate out of phase. One frequency is fixed (4000Hz), and the other frequency is an interference frequency (4000-4250Hz). The purpose of this is that skin has a high resistance to low frequencies. Therefore, a carrier frequency allows the current through the skin's resistance, where it cancels out with the interference frequency within the tissue. This produces an amplitude-modulated low beat frequency (0-250Hz). This frequency is the difference between the value of the two currents applied that will be delivered to the target tissue (Rampazo and Liebano, 2022). Having a high carrier frequency that can permeate the resistance allows the low frequency to target the deeper tissues. 
The intensity setting will be dependent on the patient. ITF treatment follows a scale from 0-5 on what they should and shouldn’t feel. A scale of 4 is optimal for this treatment not above or below. 	When applying ITF treatment, the patient should feel a strong tingling and a strong muscle contraction (scale 4 out of 5). A scale of 5 is a very painful and very strong contraction, a scale of 3 is tingling and a weak contraction, a scale of 2 is tingling, and a scale of 0-1 is no sensation and very little tingling.  However, during treatment, patients can become accustomed to the intensity and they will drop from a 4 out of 5 to lower on the scale, therefore, clinicians should check how the treatment feels for the patient throughout (Rampazo and Liebano, 2022). When this occurs intensity should be raised until the 4 out of 5 on the scale is reached once again.
The recommended frequency for acute pain is a carrier frequency of 4000Hz and an interference frequency of 90-150Hz. It should have a wave mode of a slow rise and a slow fall, for example, 10:10. Where the frequency will be delivered and rise for 10 seconds and then stop for 10 seconds. A slow rise and slow fall are recommended for acute pain as it is recommended not to be too aggressive in the acute stage as the pain is usually sharper and more intense. The time for treatment is suggested at up to 15 minutes. The interference frequency delivered for acute pain also stimulates parasympathetic nerves, sensory nerves, and nociceptive fibers. 
For chronic pain the carrier frequency remains the same, however, the interference frequency should be 1-5Hz. It should have a wave life of a fast rise and a fast fall, for example, 5:5. Where the frequency will be delivered and rise for 5 seconds then stop for 5 seconds. With chronic pain, the type of pain is different it is an ache rather than a sharp pain and is usually less painful on a scale of 1 to 10. The treatment can be more aggressive for chronic pain given the time frame the patients would have suffered with it and the type of sensations/ feelings chronic pain creates. This is also another reason for the recommended time to treat chronic pain with ITF is up to 30 minutes. The interference frequency delivered for chronic pain also stimulates sympathetic nerves and smooth muscles.
Reported Effects of ITF Treatment                                                                                                              Several physiological effects have been, reported by several studies. However, they have not been established enough to explain the analgesic effect that ITF supposedly creates. According to Rampazo and Liebano et al. (2022), close to the electrodes, ITF decreases the stimulation of cutaneous sensory nerves whilst it increases the effect it has on deeper tissues. Many theories have been suggested to explain the analgesic effect of ITF, including the pain gate control theory, decreasing pain suppression pathway, physiological blockage, and placebo effects. A placebo effect can be achieved by the patients, through the explanation of the suggested effects the treatment may have as it sounds impressive. As well as the equipment looks technically advanced and visually impressive. This will aid in the patient believing they are receiving a treatment that is effective and will aid them.
Pain Gate Control Theory                                                                                                                Originally, the pain gate theory was established by Melzack and Wall (1965).  The mechanism occurs in the ascending pain pathway. Nociceptors detect the pain stimulus, and the pain information is carried by Ad and C fibres to the spinal cord via the 1st-order neuron. In the Dorsal Horn of the spinal cord, the 1st order neuron synapses with the 2nd order neuron due to the release of substance P. The synapse and stimulation of the second-order neuron create the opening mechanism of the "gate" allowing the pain stimulation to travel through the spinal tract, up to the brain.  The pain signal will travel to the Thalamus and the 2nd order neuron will synapse with the 3rd order neuron. From there, the pain signal is transmitted to the Somatosensory Cortex via the 3rd order neuron where pain perception occurs.
 The "closing gate" mechanism occurs in the ascending pathway when pain signals are blocked from traveling to the brain when non-noxious AB fibres stimulate the Substantia Gelatinosa of the Dorsal Horn (Mendell, 2014). The non-noxious AB fibres stimulate inhibitory T-cells which block pain transmissions to the brain. This causes the suppression of the ascending pain pathway. It is suggested that a 100Hz frequency will cause the activation of low threshold, large diameter nerve fibres and bring about the gating mechanism discussed above to achieve an analgesic effect. According to Rampazo and Liebano (2022), nociceptive impulses may not be conducted by AD and C fibres after a frequency greater than roughly 15 and 40 Hz.
Descending Pain Pathway Suppression                                                                                                       The neurons not inhibited in the ascending pathway will travel through the descending pathway through the Periaqueductal Grey Matter to the Nucleus Raphe Magnus. Those two tracts release serotonin, which causes the activation of the inhibitory neuron. The inhibitory neuron inhibits the activation of the 2nd order neuron on the ascending pain pathway. This occurs due to the release of endogenous opioids (Endorphins, Dynorphins, and Enkephalins) in the Substantia Gelatinosa. Providing pain relief and pain modulation (Rampazo and Liebano, 2022).  Suppression of the descending pathway plays an important role in the control of nociceptive messages revived from the primary afferent nerves. The endogenous opioid release is stimulated by ITF therapy when a frequency of 1-5Hz is used.
Evidence to Support Claims                                                                                                                 
A study conducted on relieving musculoskeletal pain proved that ITF as a stand-alone treatment caused a larger reduction in pain than the placebo treatment (Hussein et al., 2022). This specific study included 35 separate trials. A study by Zeng et al (2015) also discovered that ITF was the only effective treatment compared to the chosen controlled group out of several electrical stimulation therapies. This review included a total of 27 studies that compared different electrical stimulation therapy and their effect on pain. The evidence suggests that ITF is the best electrical stimulation choice for targeting pain relief in Osteo Arthritis within the knee. 

An article by Buenavente et al. (2014), which reviewed four studies concluded that ITF treatment when combined with therapeutic exercise is efficient in decreasing pain and paracetamol intake. These studies concentrated on knee osteoarthritis which is a chronic condition that is commonly associated with chronic pain. Further adding to the evidence provided by Zeng et al. (2015) that ITF does alleviate pain in knee Osteoarthritis patients, alone and when combined with other modalities. It is also stated that ITF combined with other therapies had a greater extent of effectiveness at a 3-month follow-up than a placebo treatment (Funtes et al., 2010). Evidence gathered by Fuentes et al (2010) aligns with results from Hussein et al (2022) study that ITF can create pain relief from musculoskeletal issues, with or without other modalities used along with it. 

Traffic Light System Scoring 
Based on limited evidence, on the traffic light scoring system, ITF as a standalone treatment would be amber. Most studies show that ITF is beneficial in alleviating pain. However, it is proven more beneficial when paired with another form of treatment, for example, rehabilitation exercises for a specific issue/ injury. ITF, as a stand-alone treatment, would likely provide short-term pain relief. ITF paired with another form of treatment would be green on the traffic light scoring system in pain relief as it is proven that it has a positive effect across different injuries and areas of the body. Currently, there is limited factual evidence on this form of electrotherapy, however, studies have shown that it does alleviate pain as it is claimed to do. Interferential Current therapy is a good option for targeting pain relief, acute and chronic. 





Reference List
Buenavente, M.L., Gonzalez-Suarez, C.  Lee-Ledesma, M.A. Liao, L. Evidence on the effectiveness of interferential current therapy in the treatment of knee osteoarthritis: A meta-analysis. OA Arthritis (2014), 2, pp.1–9
Fuentes C, J., Armijo-Olivo, S., Magee, D.J. and Gross, D. (2010). Does amplitude-modulated frequency have a role in the hypoalgesic response of interferential current on pressure pain sensitivity in healthy subjects? A randomised crossover study. Physiotherapy, 96(1), pp.22–29. doi:https://doi.org/10.1016/j.physio.2009.06.009.
Hussein, H.M., Alshammari, R.S., Al-Barak, S.S., Alshammari, N.D., Alajlan, S.N. and Althomali, O.W., (2022). A systematic review and meta-analysis investigating the pain-relieving effect of interferential current on musculoskeletal pain. American journal of physical medicine & rehabilitation, 101(7), pp.624-633.
Melzack, R. and Wall, P.D. (1965). Pain Mechanisms: A New Theory. Science, 150(3699), pp.971–978. doi:https://doi.org/10.1126/science.150.3699.971.
Mendell, L.M. (2014). Constructing and deconstructing the gate theory of pain. Pain, [online] 155(2), pp.210–216. doi:https://doi.org/10.1016/j.pain.2013.12.010.
Rampazo, É.P. and Liebano, R.E. (2022). Analgesic Effects of Interferential Current Therapy: A Narrative Review. Medicina, 58(1), p.141. doi:https://doi.org/10.3390/medicina58010141.
Zeng, C., Yang, T., Deng, Z.H., Yang, Y., Zhang, Y. and Lei, G.H., (2015). Electrical stimulation for pain relief in knee osteoarthritis: systematic review and network meta-analysis. Osteoarthritis and cartilage, 23(2), pp.189-202.

