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				PREFACE

				Due to misuse and addiction to prescribed pain relievers, the opioid crisis is a global phenomenon.

				As well as being increasingly documented in North America, it is also becoming more evident throughout the rest of the world. In an attempt to manage this crisis, there is a growing demand for non-opioid alternatives to treat patients’ pain, and physical therapy is now playing an even more important role in this care. At DJO we are committed to helping the medical professional by developing modalities that support this treatment, as well as providing education on the value and use of these non-opioid therapies.

				“TENS and Electro-acupuncture for Pain Relief” is the latest addition to the DJO Publications series "Clinical Guidelines in Rehabilitation", and focuses on pain management and the treatment of nausea with Transcutaneous Electrical Nerve Stimulation (TENS) and Electro-Acupuncture (EA). This book aims to provide a clear explanation of how the various methods work and how they should be used in everyday clinical practice. We hope this will help you to provide safe and effective treatments for your patients.

				Special thanks go to the two authors of the original handbook, both Swedish physical therapists. Hélène Hallström, MSc is a specialist in pain and pain therapy with more than 25 years of experience in clinical work, and training and development in the field. Her co-author, Helene Garpefors, is highly experienced in orthopaedic rehab, having worked as a TENS product specialist for DJO Nordic since 2001. We would also like to thank Francine Van Steenkiste, Intl. Clinical & Education Projects Manager, without whom the creation and publication of this English version would not have been possible.

				We hope this book helps to address the important challenges faced when treating pain, and the damage that can be caused to people’s lives when that treatment is not effective and safe.

				Lieve vanden Berghe PT, PhD

				Senior Vice-President Global Marketing Chattanooga
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				PART 1:

				Basic Concepts for Treatment with Electrotherapy

				1. PHYSICAL PRINCIPLES

				1.1 Ohm's law

				V = R x I

				Current (I):

				Measured in amps (A). 

				TENS (Transcutaneous Electrical Nerve Stimulation), NMES (Neuromuscular Electrical Stimulation) and electro-acupuncture (EA) are measured in milliamps (mA) and deliver a gentle current.

				Resistance (R):

				Measured in ohms (Ω). During treatment, it is partly the cables but mostly the skin that creates the resistance. When treated with cutaneous electrodes (TENS), the skin's resistance is approximately 1000-1500 Ω. During stimulation with EA, the resistance is reduced to approximately 600 Ω because the skin is penetrated with a needle.

				The resistance may vary during the treatment procedure. The Cefar TENS stimulator is therefore equipped with a constant-current generator adjusting the output power in accordance with the resistance, up to 1500 Ω.

				Voltage (V):

				Measured in volts (V). The voltage is the force which drives the current. It is also often described as a potential to create current. The voltage is stored in batteries and regulated by the constant-current generator.

				 

				1.2 Closed Circuit

				TENS/EA therapy always requires a closed circuit, which means that 2 poles are needed to close the circuit.

				One cable has 2 pins, one black and one red pin. If the circuit is broken, for example, if an electrode detaches from the skin or pin, the current will break, and the stimulator indicates open circuit. This function applies at an amplitude over 9.5 mA. If this happens, shut down and enable troubleshooting (see information in the Cefar TENS manual).
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				Figure 1. Closed circuit
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				1.3 Waveforms

				The Cefar TENS waveform is an asymmetrical biphasic pulsed current. Because the positive and negative phases of the pulse are balanced, this waveform is a comfortable and safe form of current.

				Figure 2. Representation of an asymmetrical biphasic pulsed waveform

				In High-Frequency (HF) stimulation, the pulses are frequent (many pulses per second) and give the feeling of a steady (continuous) current sensation.

				Figure 3. Representation of high frequency stimulation

				During pulse width modulated HF TENS, the pulses are frequent, but the pulse duration is modulated in a period of 3 seconds from wide to narrow to wide again. This creates a flowing wave sensation generally considered as comfortable.

				Figure 4. Representation of pulse width modulated stimulation 
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				In Low-Frequency (LF) TENS, the time between pulses is longer (fewer pulses per second), hence the individual pulses can be felt. In Burst LF TENS each pulse is formed by a train of 8 rapid pulses which are repeated 2 or 5 times/second. Each train of pulses is perceived by the nervous system as one pulse.

				 Figure 5. Representation of burst stimulation. Each burst consists of HF pulses.

				1.4 Parameters for electrical stimulation

				There are 3 different parameters you should be familiar with in order to optimise electrical stimulation therapy.

				Frequency

				Amplitude

				Pulse duration (width)

				 

				Frequency

				Frequency relates to the number of pulses per second and is measured in Herz (Hz). In electrotherapy, we talk about high-frequency (HF) and low-frequency (LF) stimulation. For TENS and EA, HF is 50-120 Hz and LF is 1-15 Hz.

				Clinical studies commonly use 80-100 Hz for HF and 1-5 Hz for LF.

				The frequency in the Chattanooga stimulators is preset according to the published literature.

				Amplitude

				The amplitude or intensity is measured in mA.

				In the Cefar TENS device, the maximum amplitude is 99.5 mA for TENS and 30 mA for EA. The amplitude is regulated in steps of 0.5 mA for TENS and 0.1 mA for EA.

				Pulse duration

				The pulse duration or pulse width is a way to regulate the amount of energy given and is measured in microseconds (µs). The narrower the pulse duration (the shorter time the pulse lasts), the less sensation you will feel in each step when increasing the amplitude.

				The wider the pulse duration (the longer time the pulse lasts), the more sensation you will feel when increasing the amplitude.

				
					[image: ]
				

			

		

	
		
			[image: ]
		

		
			
				14

			

		

		
			
				The standard pulse duration in Cefar TENS is 180 µs.

				 Figure 6. Representation of pulse duration.

				Pulse B is twice as long as pulse A, but the amplitude of pulse B is half of the amplitude of pulse A. As a consequence, both pulses in this example deliver the same amount of energy.

				During pulse width-modulated HF stimulation, the width varies between 70-180 µs with 3-second intervals, giving a flowing wave sensation (comes and goes).

				For sensitive skin areas, a program with narrow pulse width (60 µs) can be selected.

				1.5 Current density

				The current density refers to the concentration of the current on the surface under the electrodes. With small electrodes (40x60 mm), the sensation of the current will feel stronger than with large electrodes (50x100 mm). This is because the current is spread over a bigger area with the large electrode (lower current density) and is more concentrated under a smaller electrode (higher current density).

				A higher or lower current density can be beneficial for treatment purposes, for example, if you want the sensation to be stronger or weaker in any area, you can use different sizes of electrodes. 

				This phenomenon also means that you may receive a shock sensation if you do not switch off the stimulation before removing the electrode. The current will be concentrated and perceived as a shock sensation (which is completely harmless but unpleasant). Therefore, always switch off the current before removing the electrodes from the skin.
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				2. PHYSIOLOGICAL PRINCIPLES 

				2.1 Terminology 

				NMES: Neuromuscular Electrical Stimulation. This term refers to the stimulation of muscles via the motor nerve (neuromuscular). Electrical current applied to the motor nerve will cause an action potential leading to a muscle contraction. This requires an intact motor nerve. In case of peripheral nerve damage, NMES will not work.

				TENS: Transcutaneous Electrical Nerve Stimulation. By strict definition, TENS refers to the stimulation of nerves across the intact surface of the skin (transcutaneous). So, this means that NMES, when using surface electrodes, is a form of TENS. However, TENS is often used to refer to a pain treatment using a “TENS device”; TENS devices are electrical stimulation devices that deliver a biphasic current with parameter settings specifically for pain management. Hence a TENS treatment often refers to a pain treatment through electrical stimulation.

				2.2 Electrical stimulation of nerves

				Myelinated nerve fibres - tactile fibres (A-beta) and motor fibres (A-alpha) - have a low threshold for electrical stimulation and can therefore easily be activated by skin electrodes. By using acupuncture needles as electrodes, nerve fibres in the close area of the needles may be activated. How much the nerves are activated depends on the amount of energy supplied; this is a function of the pulse duration and the intensity of the current. The effect in the central nervous system depends partly on which nerve fibres are activated and partly on the frequency and intensity of the nerve stimulation. The current spreads underneath and between the electrodes and activates the nerves closest to the electrodes.

				During surface electrical stimulation, the nerve fibres are always activated in the same order. The first fibres activated are A-beta fibres (touch, pressure, vibration, muscle length), then A-alpha fibres (muscle length, muscle tension and motor activation) and finally A-delta and C fibres (nociception, heavy pressure, heat and cold). With a higher intensity/amplitude, deeper nerve fibres are also activated. In animal studies, stronger stimulation has been shown to result in stronger modulation of nociception and autonomic functions. In the clinical situation, HF stimulation should be strong but not painful and LF stimulation should be felt as a rhythmic sensation or a visible muscle contraction. Peripheral nerves adapt to the stimulation. It is therefore necessary to increase the intensity after a few minutes in order to maintain the effect. 

				The current is easily conducted through nerves and through tissue containing fluid. The current used in TENS and EA cannot pass through a skeletal structure.
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				2.3 Electrodes

				There are different types of electrodes for skin application:

				Carbon-rubber electrodes require water-based gel for conduction of the current to the tissue. Carbon-rubber electrodes are beneficial during testing. You can move them on the skin without breaking the circuit. The electrodes can be cleaned with soap and water enabling reuse between individuals.

				Adhesive electrodes are more functional during activity and easier to manage by the user. The self-adhesive gel is water-based, and the adhesiveness decreases gradually after a few applications.

				Electrode maintenance

				Take good care of the electrodes:

				Attach the electrodes to clean skin.

				Store the electrodes on the plastic film (“on”-side) in the plastic bag. 

				Moisten with clean water (apply with a finger).

				Electrode application guidelines

				Adhesive electrodes cannot be cleaned and should therefore be individual.

				The electrodes come in different sizes. The aim is to use as large electrodes as possible on the body part being treated.

				The distance between the electrodes should be minimum 3 and maximum 30 cm.
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				1. METHOD DESCRIPTION

				TENS is used to manage pain, reduce nausea and spasticity, to treat incontinence and to improve peripheral circulation. This handbook describes TENS for pain management and reduction of nausea.

				As early as 2500 B.C., electric fish were used to alleviate pain in Egypt. At the beginning of the twentieth century, E-lec-treat, a TENS-like stimulator, was used for pain relief in the USA. The modern TENS device was developed as a result of the "gate-control" theory published by Melzack and Wall in 1965.

				TENS is often sufficient as single treatment but may also be used as a complement to other therapies. TENS can be combined with pharmacological treatment without any adverse effects.

				The method is now used throughout the world in different ways depending on experience and local traditions.

				2. BASIC CONCEPTS

				2.1 Sensory level / HF TENS

				By electrical stimulation of sensory nerves with HF TENS (50-120Hz), the modulating system in the dorsal horn of the spinal cord is activated. This activation results in a release of GABA (Gamma Amino Butyric Acid) and enkephalin, which reduces nociceptive transmission further up in the central nervous system. The inhibition is short-term, which means that high frequency (HF) TENS has the greatest effect during stimulation. Pain may be reduced after stimulation and this may be due to a reduction in central sensitisation1. HF TENS at a strong non-painful sensory level is the stimulation mostly used in clinical studies3. 

				 

				2.2 Motor level / LF TENS

				By electrical stimulation of deep sensory nerves and motor nerves in the muscles with LF TENS (2-5 Hz), the descending pain inhibiting systems in the brainstem (PAG, NRM) are activated. Because we want the current to penetrate deeper into the tissue, a higher intensity is needed. LF TENS increases the release of beta-endorphin and serotonin via the descending system. The inhibition is slower and repeated treatment is required to ensure efficacy1 . 

				2.3 Painful level / HF, high-intensity TENS

				By using HF stimulation with high intensity (> 40 mA) for a short time you may activate the autonomous control of blood circulation in smooth muscles. This stimulation provides a reduction in ischaemia and a secondary pain relief 2.

				Clinical studies have shown that all forms of TENS have segmental effects, which means that the effect is limited to the neurophysiological level/segment being stimulated. 

				2.4 Adaptation

				The experience of the intensity of TENS fades (decreases) during treatment due to habituation. So, the intensity needs to be increased after a few minutes of stimulation. In order to manage the adaptation, the intensity often needs to be increased 2 times during the first 5-10 min.

				TENS efficacy is sometimes reduced after a period of time. In order to reduce adaptation, it is recommended to:

				Perform frequent follow-ups.

				Teach the individual to use different programs and different stimulation modes.

				Vary the electrode placement.
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				If the individual, despite this, experiences reduced efficacy, interrupt the treatment for 1-2 weeks. Then resume the TENS-treatment again.

				3. TESTING PROCEDURE 

				During testing, the individuals should be experiencing their "normal" pain. ALWAYS assess and analyse the pain before the testing procedure. If you suspect that the skin sensitivity is altered, assess the skin sensitivity in the pain area using a brush. Mark the affected areas in order to avoid wrong placement of electrodes. You should always have a goal for testing and treatment. Let the individual handle the TENS. You should teach the individual to use TENS on their own, TENS is self-care! Therefore, make sure you have enough time for testing.

				Explain the procedure in brief. Let the individual try TENS on a pain-free area that he can both see and feel.

				Select the program according to the assessment findings and individuals' preference.

				Place the electrodes in the pain area (HF), or over the muscle belly (LF). You will find further information in the paragraph “Where should the electrodes be placed".

				Let the individual increase the intensity until the first sensation, note the threshold value*.

				Increase the intensity to a therapeutic level:

				HF: strong but comfortable sensation, at least 1.5 x threshold value

				LF: visible muscle contraction

				Stimulate for 20 - 30 min, evaluate how the patient is experiencing the treatment.

				If low treatment effect at follow-up; change the electrode placement, change program.

				Take a picture of the electrode placement with the individual mobile phone or draw placement on the skin.

				Give the individual instructions for treatment: number of times per day, treatment time/procedure, electrode placement, purpose, evaluation parameters, how follow-up should take place.

				*Threshold value for skin sensitivity = the amplitude level at which the patient first feels the stimulation/sensation.

				 

				4. TREATMENT WITH TENS

				TENS is always customised for the individual. The user determines electrode placement, stimulation method and current strength, together with you, the tester.

				4.1 Sensory level / HF TENS

				HF TENS is the most common form of stimulation. HF TENS can be varied in different ways and used for all types of pain. A normal skin sensitivity in the area of the electrodes is required to ensure efficacy.

				Where should the electrodes be placed?

				In the painful area.

				Close to the painful area, in the same innervation area (dermatome) as the origin of the pain.

				Over a bigger nerve close to the skin. The nerve must be segmentally related to the painful area.

				Close to the spine in the corresponding innervation area/segment.
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				How should the stimulation feel?

				HF TENS should be experienced as a strong but comfortable tingling/buzzing sensation covering or shading over the actual pain. The intensity is adjusted to at least 1.5 x the sensory threshold.

				The stimulation should not be uncomfortable and should not result in a muscle contraction. When using pulse width-modulated TENS (P3, P7), the activation of muscles is acceptable since the muscle relaxes when the pulse is narrower.

				How do you increase the intensity?

				The most common way is for the individual to gradually increase the intensity to sensory threshold and then to progressively increase it until strong sensation (at least 1.5 x the threshold). 

				Another way is to quickly increase the intensity to a level that is slightly uncomfortable and then decrease back to the level that is strong but tolerable. The advantage of a rapid increase is that the level felt as acceptable is higher than that reached through a gradual increase.

				How long should the stimulation last?

				For acute pain conditions, TENS provides relief within 20-40 min. Stimulation usually lasts approximately 60 min and the device is then turned off to evaluate stimulation efficacy. Since most people only get an effect when stimulation is turned on, treatment is recommended throughout the period in which the pain is present. It is okay to stimulate for multiple hours at a time.

				In the case of long-term pain conditions, a certain sensitisation always occurs in the central nervous system. Repeated stimulation is therefore required; 30 min x many times/day for 2-4 weeks. The stimulation period is adapted to the patient's pain pattern. Patients with long-term pain often use TENS many hours per day. 4

				High-frequency programs in Cefar TENS

				P1 and P9 are programs with a continuous pattern of 80 and 100 Hz respectively. P4 has a shorter pulse duration and the program is suitable for sensitive areas.

				P3 and P7 are programs with modulated pulse duration. This creates a wave sensation and is a variant on standard HF stimulation. P7, Flow TENS, requires 4 electrodes. The program's sensation is similar to P3, but an extra wave sensation is felt because the pulse is at its widest on one channel when it is at its shortest on the other. The use of Flow TENS is recommended to use over larger surfaces (shoulder, back, thigh).

				P5 is a mixed program which switches between HF and LF stimulation every three seconds. The program can be used to enhance the efficacy of standard HF stimulation.
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				 Figure 7. Cefar TENS device with two active channels.

				 

				4.2 Motor level / LF TENS

				LF TENS is used when the skin sensitivity is changed and when the system for activating segmental inhibition (gate control) is not working. LF stimulation is often used for peripheral neuropathic pain, long-term pain and when 

				muscle relaxation or increase of circulation is required4. 

				Where should the electrodes be placed?

				Over a muscle with the same innervation (myotome) as the pain's origin

				Over a major nerve which has the same innervation as the pain's origin

				How should the stimulation feel?

				The stimulation will generate strong, not painful and visible skeletal muscle twitching. When stimulating a major nerve, visible muscle contraction is not necessary. Stimulation of the lower back extensor muscles does not result in a visible contraction. In this case it is sufficient to achieve a contraction felt by the individual.

				How do you increase the intensity?

				The intensity is gradually increased until muscle contraction is visible.

				How long should the stimulation last?

				LF stimulation is effective after approximately 30 minutes of stimulation. Stimulation of muscle bellies often initially causes muscle soreness. It is therefore recommended to initially use LF TENS for only 2-3 x 20-45 min/day. When the nervous system is changed, as is the case with neuropathic pain, 1-3 x 20-30 min/day is initially recommended to avoid over-stimulation.
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				Low-frequency programs in Cefar TENS

				P2 is a low-frequency stimulation with 2 bursts of high-frequency pulses/second. 

				P8 is a low-frequency stimulation with 5 bursts of high-frequency pulses/second. 

				P5 is a mixed program with 3 seconds HF stimulation followed by 3 seconds LF. The program can be used when LF alone feels too intensive or tiring.

				Figure 8. Cefar TENS in use. 

				4.3 Painful/HF high-intensity TENS

				HF high-intensity TENS is used in acute pain conditions in internal organs with smooth muscles: uterus and heart. The intensity is high: between 40 mA and 60 mA. Use P1, HF stimulation.

				Note! Pain conditions relating to the heart muscle must be treated by a professional cardiology practitioner.

				Where should the electrodes be placed?

				Place the electrodes over the area where the individual locates the pain superficially.

				How should the stimulation feel?

				The stimulation should feel painful, as strong as possible.

				How do you increase the intensity?

				The current is increased quickly by holding down the "Arrow up" button to at least 40 mA.

				How long should the stimulation last?

				Stimulate 60 seconds with a minimum of 40 mA. Turn off. Evaluate the effect. Possibly stimulate for another 60 seconds.
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				4.4 Follow-up

				Follow-up must be performed at frequent intervals. In the case of acute conditions, the follow-up should be within 1 day. When the individual uses TENS at home, perform follow-up within 1 week. Follow-ups should then occur at regular intervals. The follow-up is a security measure and strengthens the individual to use TENS and have good effect of the method. 

				 

				5. CONTRAINDICATIONS & PRECAUTIONS

				5.1 Contraindications

				ICD (intracardiac defibrillator): TENS may not be used.

				Pacemaker: TENS cannot be used by default. In specific circumstances: TENS-use can be approved by the responsible cardiologist. During treatment pacemaker-interference should be ECG monitored.

				Other implanted electrical stimulators or sensors: contact the responsible physician. Ask whether TENS could adversely affect the relevant stimulator or sensor.

				Stimulation of the anterior side of the neck: stimulation close to the carotid sinus can cause a fall in blood pressure. It may also stimulate laryngeal tissue which can cause breathing difficulties.

				Stimulation with electrodes on the belly (current crossing the uterus) of a pregnant woman: the stimulation can affect the foetus via transfer to the amniotic fluid.

				Patient lacking ability to communicate.

				See Cefar TENS Instructions for Use for more information.

				5.2 Precautions

				Early pregnancy.

				Individuals who do not wish to receive or who are afraid of electrical current or who have been victims of torture.

				Areas of the skin with a significantly altered skin sensitivity, broken/damaged skin.

				Epilepsy.

				Low-frequency (LF) stimulation close to unstable skeletal or tendon structures.

				See Cefar TENS Instructions for Use for more information.
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				1. ACUTE PAIN CONDITIONS

				What do scientific studies show?

				TENS as stand-alone treatment reduces acute pain with 20% on a 100-points VAS scale 6. Individuals who learn to use TENS pre-operatively need between 30 and 50% less analgesics when they use TENS in the post-operative phase 7.

				Individuals who receive TENS treatment after abdominal surgery find it easier to move, take deep breaths and have fewer negative side effects than those who receive a placebo treatment or no TENS 8.

			

		

		
			
				
					1.1 Post-operative pain

				

				
					Examples of surgical procedures: shoulder surgery, lumbar fusion, thoracic surgery, abdominal surgery, knee surgery (TKA)
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					Treatment Goal

				

				
					Clinical Tips

				

				
					- To reduce pain perception 7

					- To reduce the amount of analgesics 7,9,10,11

					- To facilitate mobilisation 8,12,13

					- To reduce the risk of negative side effects 14

					- To facilitate the transition from epidural to oral analgesia 15

					- Satisfied patients 16

				

				
					- If possible, provide information pre-operatively.

					- Start TENS treatment immediately after awakening.

					- Place the electrodes on the painful area where the skin is intact and has a normal skin sensitivity.

					- Select HF stimulation (Cefar TENS P1, P3, P7, P9).

					- Increase the amplitude/intensity until it is clearly felt by the patient but not painful.

					- Stimulate frequently, whenever needed and during activity, at least 30 minutes per time.
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					1.2 Rib fractures
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					Treatment Goal

				

				
					Clinical Tips

				

				
					- To reduce pain during stimulation 17,18

					- To reduce the risk of complications 17,18

					- To improve oxygenation 17

				

				
					- Select HF stimulation (Cefar TENS P1, P3, P7, P9).

					- Place 2 or 4 electrodes around the painful area.

					- Increase the amplitude/intensity to a strong but comfortable level.

					- Stimulate as much as needed, at least 30 min per time.
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					1.3 Dysmenorrhea
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					Treatment Goal

				

				
					Clinical Tips

				

				
					To reduce pain during the menstrual cycle 2,19

				

				
					HF TENS

					- Start the TENS treatment as soon as the pain occurs.

					- Select HF stimulation (Cefar TENS P1, P3, P7, P9).

					- Place the electrodes over the area of pain (lower abdomen and/or lower back).

					- Treatment time according to specific needs for at least 30 minutes or as long needed.

					HIGH-INTENSITY HF TENS

					- Place a pair of electrodes over the painful area.

					- Select HF stimulation (Cefar TENS P1).

					- The amplitude/intensity is increased quickly (hold the up arrow) to 40-60 mA. The user may need your help the first time.

					- Let the stimulation run for 60 seconds and then switch off. Repeat up to 3 times if necessary.
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					1.4 Lumbago (LBP)
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					Treatment Goal

				

				
					Clinical Tips

				

				
					- To reduce pain 20

					- To reduce anxiety 20

					- To increase the ability to move and remain active 20

				

				
					- In the case of acute pain, start the stimulation immediately.

					- Place the electrodes where the individual locates his or her pain, 2 or 4 electrodes depending on the surface area. Larger areas (more segments) may require 4 electrodes.

					- Stimulate with a clear current sensation for at least 30 minutes, treat as long as needed.

					- Select HF stimulation (Cefar TENS P1, P3, P5, P7, P9).

					- Change program if the pain persists and prolong treatment time if necessary.
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					1.5 Pain during pregnancy
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					Treatment Goal

				

				
					Clinical Tips

				

				
					- To reduce back pain 21,22

				

				
					- Stimulate the painful area as neede.

					(Note: the current must not pass over the abdomen).

					- Select HF stimulation (Cefar TENS P1, P3, P7, P9).

				

			

		

		
			
				
					1.6 Labour pain
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					Treatment Goal

				

				
					Clinical Tips

				

				
					- To increase control 23

					- To reduce pain intensity 23

					- To delay the need for analgesics 23

				

				
					- Provide instruction well in advance of the expected

					 date of birth (W36 or earlier).

					- Start the TENS treatment immediately when contractions begin in the latency phase (opening phase).

					- Increase the amplitude/intensity when the contraction starts, reduce between contractions.

					- Move the electrodes as needed

					- Select HF stimulation (Cefar TENS P1, P3, P7, P9).
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					1.7 Painful post-partum

				

				
					
						[image: ]
					

				

				
					
						[image: ]
					

				

				
					Treatment Goal

				

				
					Clinical Tips

				

				
					- To reduce pain in after-labour pain/contractions 24,25

				

				
					- Stimulate as needed with high-frequency stimulation 

					(Cefar TENS P1,P3) within the dermatome Th10-L1, S2-S4.

					- Select HF stimulation (Cefar TENS P1).

					- High-intensity stimulation for 60 seconds within the painful area (see section Dysmenorrhea).

				

			

		

	
		
			
				TENS and Electro-acupuncture for Pain Relief

			

		

		
			[image: ]
		

		
			
				33

			

		

		
			
				
					2.1 Painful osteoarthritis/knee osteoarthritis
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					Treatment Goal

				

				
					Clinical Tips

				

				
					- To reduce pain 26,27,28,29

					- To reduce rigidity/increase knee range of 

					motion 26,27,28,29

				

				
					- High-frequency stimulation

					- Select HF stimulation (Cefar TENS P1, P3, P9).

					- The electrodes are placed in the painful area (referenced area) so that the stimulation covers the area.

					- Stimulate daily for at least 30 minutes for 2-4 weeks before evaluation.

					- Adjust the stimulation to the individual’s needs, the stimulation should be turned on when the individual is in pain.

					- For painful activities is it recommended to apply TENS during the activity and to teach the individual to increase the intensity anticipating the painful activity.

				

			

		

		
			
				2. LONG-TERM Pain

				What do scientific studies show?

				TENS reduces pain temporarily and increases functions in various long-term pain conditions. TENS should be considered as part of an active rehabilitation and should be combined with other interventions to improve the level of functions.

			

		

	
		
			[image: ]
		

		
			
				34

			

		

		
			
				
					2.2 Chronic low back pain (CLBP)
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					Treatment Goal

				

				
					Clinical Tips

				

				
					- To reduce pain during stimulation 30,31

					- To increase function 30,31

					- To reduce the use of analgesics 30,31

				

				
					- Use TENS in a timely manner, before the pain is too strong.

					- Teach the individual to apply the TENS (electrodes) in the morning so that they can stimulate during the day

					- Large electrodes are preferred.

					- Switch between different programs to reduce adaptation.

					- Use TENS for faster recovery after activities that cause stress or discomfort.
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					2.3 Fibromyalgia
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					Treatment Goal

				

				
					Clinical Tips

				

				
					- To reduce pain 32,33

					- To reduce fatigue 32

				

				
					- Explain the TENS method and then let the individual 

					place the electrodes in the pain area.

					- Select HF stimulation (Cefar TENS P1, P3, P7, P9).

					- Select P4, with smaller pulse duration, if it is difficult to reach a therapeutic level with the standard HF programs.

					- Increase the amplitude/intensity to an uncomfortable level and then reverse. This will provide stronger stimulation and thereby enhanced pain relief.

					- Reduce the amplitude/intensity or move the electrodes in case of increased pain during stimulation.

					- Stimulate daily for at least 30 minutes per treatment session and as often as needed.
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					2.4 Painful polyneuropathy

				

				
					Painful polyneuropathy in diabetes or after chemotherapy
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					Treatment Goal

				

				
					Clinical Tips

				

				
					- To reduce pain during stimulation 34,35,36

					- To reduce related symptoms (swelling sensation, temperature etc.) 35,36

				

				
					- Examine the skin sensitivity with a brush to select stimulation mode and electrode placement.

					- Place the electrodes on skin with normal sensitivity as close as possible to the painful area.

					- Place the electrodes over a superficial nerve supplying the pain area; n.tibialis behind the medial malleolus, n. suralis behind the lateral malleolus, n. peroneus by the fibular head laterally just below the knee.

					- Firstly, select LF stimulation (Cefar TENS P2, P8 or P5).

					- Increase the amplitude/intensity to get a clear throbbing sensation, possibly a muscle contraction. The sensation should spread into the leg and then into the foot. Increase the current intensity to the level of a clear sensation.

					- Secondly, use HF (Cefar TENS P1). Increase the amplitude/intensity until a clear current sensation is felt.

					- Start with 2 x 30 min stimulation/day. When the patient gets accustomed, increase the number of treatment sessions per day and the treatment time.
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					3. NAUSEA 

				

				
					TENS reduces post-operative nausea and vomiting as effectively as pharmaceuticals. 

					TENS also reduces chemotherapy-induced nausea and vomiting.
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					Treatment Goal

				

				
					Clinical Tips

				

				
					- To reduce nausea and vomiting post-operatively 37,38,39

					- To reduce nausea and vomiting associated with chemotherapy 39,40

				

				
					- Small round electrodes are preferred.

					- The electrode with a black pin is placed over PC 6 (3 fingers proximal to the wrist fold on the inside of the forearm).

					- The electrode with a red pin is placed on the outside of the forearm, approximately opposite the PC 6.

					- Select P6 on Cefar TENS (10 Hz), increase the amplitude/intensity to a strong sensation - there should be a sensation in the palm and middle finger.

					- Stimulating unilaterally is sufficient.

					- For better efficacy, start the treatment before onset of the nausea or early during the nausea.

					- Treat for 10 minutes at a time.
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				PART 4

				Electro-Acupuncture (EA)
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				1. METHOD DESCRIPTION

				EA can be used for virtually all pain conditions where manual acupuncture is indicated. EA is used to increase the effect of the stimulation and because it is often perceived as more comfortable than manual acupuncture. EA is often combined with manual acupuncture. The same number of points are used as with manual acupuncture, but a few pairs of needles are stimulated with electrical current. EA can be combined with other treatment modalties without any adverse effects.

				2. BASIC CONCEPTS

				2.1 Physiological principles

				Acupuncture affects the body's pain inhibiting systems at all levels in the central nervous system. Stronger stimulation is achieved using EA. Animal studies have shown that EA activates A-beta fibres during weak stimulation and A-delta fibres and C-fibres during strong stimulation. Peripherally, EA provides increased local circulation and reduces the sensitivity of the nociceptive fibres. With low frequency stimulation (2-5 Hz), beta-endorphin is released into the central nervous system. 41,49

				2.2 Frequency

				When stimulating at a high frequency (15-120 Hz), dynorphin and serotonin are released. A mixed frequency (80 Hz/2 Hz) is therefore often used to maximise the release of pain inhibiting substances. 41 

				2.3 Needles

				Use acupuncture needles with metal shafts.

				3. TREATMENT WITH EA

				3.1 General guidelines

				Note: EA is a method performed by health-care professionals with the appropriate education!

				Always start with at least 2 manual acupuncture treatments to see how the patient responds to the treatment.

				For short-term effects, 1 to 3 pairs of local points are selected. For long-term, more generalised effects, 1 or

				2 pairs of distal points are selected. HF stimulation results in short-term pain relief. LF stimulation results in more long-lasting effects. Select points on the same body part and preferably muscle points.
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				3.2 Treatment procedure

				Show the stimulator to the individual.

				Explain how the current should feel.

				Insert the needles, induce de Qi.

				Attach the electrode clips at the bottom of the needles, make sure the needles do not collide.

				Choose Physio-mode (See Cefar TENS Instructions for Use). Set Acupuncture mode.

				Start the stimulator, select the desired program.

				Insert the cables into the stimulator.

				Increase the current intensity gradually, let the individual do this him/herself.

				When treatment is completed, reduce the current intensity to zero, turn off the stimulator and remove the electrode clips.

				 Figure 9. Attach the electrode clips at the bottom of the needles

				3.3 Follow-up

				The same procedures as for manual acupuncture are recommended.

				4. CONTRAINDICATIONS & PRECAUTIONS 

				4.1 Contraindications

				Pacemaker or ICD (intracardiac defibrillator): EA may not be used.

				Other implanted electrical equipment: the responsible physician should be consulted before EA.

				Cardiac arrhythmias: do not use EA with needle placement so that the current passes through the chest.

				Front neck: do not stimulate with EA needles located near the sinus caroticus or larynx.

				Otherwise, the same applies as for manual acupuncture. 42 
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				4.2 Precautions

				Head: EA should be used with caution since stimulation of points not located in the muscles can feel uncomfortable.

				Pregnancy: caution in early pregnancy.

				Epilepsy: in theory, EA can provoke a seizure. Therefore, begin with gentle stimulation and monitor the patient during treatment.

				Otherwise, the same applies as for manual acupuncture. 42 

				5. ELECTRO-ACUPUNCTURE INDICATIONS

				What do scientific studies show?

				EA can reduce pain for different acute and chronic pain conditions 43 

			

		

		
			
				
					5.1 Dysmenorrhea
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					Treatment Goal

				

				
					Clinical Tips

				

				
					- To reduce pain during the menstrual cycle 43

				

				
					- Treat from day 1 of the menstrual cycle and repeat every day for 3 days.

					- Acupuncture point SP 6 should be stimulated with EA, connect with e.g. SP 7.

					- Stimulate with mixed frequency (Cefar TENS P5).
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					5.2 Knee osteoarthritis
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					Treatment Goal

				

				
					Clinical Tips

				

				
					- To reduce pain 44

					- To increase function 44

				

				
					- Use EA on local points around the knee, e.g. ST 34 - ST 36, SP 9 - SP 10, stimulate with HF Cefar TENS (P1, P3, P7, P9).

					- Reinforce the effect later in the treatment cycle with EA low or mixed frequency on a pair of the distal points.

				

			

		

		
			
				
					5.3 Long-term back pain
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					Treatment Goal

				

				
					Clinical Tips

				

				
					- To reduce pain during rest and movement 45

				

				
					- Treat with HF EA on 2 pairs of points locally, e.g. BL 22-26 bilaterally.

					- Use mixed frequency; P5 on local and distal needles to reinforce the effect.
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					5.4 Nausea

				

				
					EA reduces post-operative nausea and vomiting as effectively as pharmacological treatment. 

					EA has some effect on chemotherapy-induced nausea.
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					Treatment Goal

				

				
					Clinical Tips

				

				
					- To reduce nausea after surgical interventions 46,37

					- To reduce nausea associated with chemotherapy 47,48

				

				
					- Stimulate point PC 6 with EA, connect with PC 5 or PC 4.

					- Use P6, on Cefar TENS stimulate for 10 min as early as possible during the nausea.

					- Repeat the treatment if the nausea returns.

					- Treat pre-operatively/before chemotherapy to improve the efficacy.

				

			

		

	
		
			[image: ]
		

		
			
				44

			

		

		
			
				INNERVATION CHART - MYOTOME

				Segmental muscle innervation (myotome) and motor points (approximate location)
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				INNERVATION CHART- DERMATOME

				Segmental skin innervation (dermatome)
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				Transcutaneous electrical nerve stimulation (TENS) is a method of pain relief involving the use of a mild electrical current. The use of electricity to relieve pain is a technique dating back to ancient Egypt where electrogenic fish were used. The modern TENS device was developed as a result of the "gate-control" theory published by Melzack and Wall in 1965.

				TENS is used by practitioners all over the world to provide pain relief and improve patient comfort in multiple acute and chronic conditions, and is supported by many scientific studies.

				In electro-acupuncture therapy, the advantages of TENS are added to an acupuncture treatment to enhance the effects of acupuncture. 

				With this TENS and Electro-acupuncture book we want to give an overview of the scientific background and clinical guidelines when treating patients with Chattanooga TENS equipment.

				This book is part of the series "Clinical Guidelines in Rehabilitation" from Chattanooga's educational institute for rehabilitation sciences, "Chattanooga Academy". Chattanooga Academy aims to contribute to the education of medical professionals through didactic on- and offline learning materials.

				Our publishing house, DJO Publications, aims to assist medical professionals in disseminating their views and knowledge throughout the medical world. More on www.DJOpublications.com

				DJO, a subsidiary of Colfax Corporation, is a leading developer and distributor of high-quality medical devices that provide proven solutions for musculoskeletal health, joint reconstruction, vascular health, and pain management. The Companyís extensive range of products and integrated technologies address the orthopedic continuum of care from performance and mobility to surgical intervention and post-operative rehabilitation; enabling people around the world to regain or maintain their natural motion. For additional information about DJO, please visit www.DJOGlobal.com. 
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