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			Part I: Physical Fundamentals and General Treatment Guidelines of High Power Laser Therapy 

			1. Introduction

			Next to its wide spread use in surgery, dermatology, and ophthalmology, Laser therapy is also a clinically proven effective adjacent treatment modality in the physical therapy practice for managing pain and inflammation and for promoting tissue repair in the musculoskeletal system as well as skin and mucosa. 

			Low Level Laser Therapy, LLLT (Class 3 devices, ≤ 500mW power output) has been deployed successfully in physical therapy treatments for decades. However there are limitations for LLLT when treating larger areas and/or deeper tissues, due to the excessive treatment times needed to deliver the photons at the required depth or surface.

			From the end of the 90s, lasers with performance at Watt level (high intensity laser, Class 4 devices > 500mW) began to emerge in the basic research and later in clinical rehabilitation practice. The technology enabled generation of power around 10W or more, for the purpose of producing stronger biomodulation and an analgesic effect. 

			The main contribution of this technology is a significant acceleration of the emission which enables significant increase of therapeutic dosage without prolonging the application time, allowing treatment of a wider range of indications including deep and large structures within reasonable treatment times.

			Currently, there are two basic high intensity laser technologies for rehabilitation purposes: 

			
					Nd:YAG devices emit very high intensity at Kilowatt level but only in extremely short pulses. Restrictions of this older technology include a lack of continuous emission, significant dimensions, and less economical operation. 

						Semiconductor diode laser technology is more recent and enables continuous and pulsed emission, flexibility within the used wavelengths and more acceptable device dimensions. Relative disadvantage is the inability to reach extremely high peak values in pulsed emissions.

			

			The Chattanooga HPL uses semiconductor diode laser technology, is available in 7W or 15W version, and appropriate combinations of parameter settings and wave lengths allows for tuning the applications to the specific anatomical structures or pathologies. 

			2. Overview of Relevant Parameters in HPLT

			A. Wave Length

			Light is an electromagnetic wave. Depending on the wavelength, light is visible as a specific color.

			In physics, the wavelength (λ) of a sinusoidal wave is the spatial period of the wave—the distance over which the wave’s shape repeats. It is usually determined by considering the distance between consecutive corresponding points of the same phase.
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			The following chart shows the light wavelength spectrum:
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			Wave length is an important parameter in laser therapy because it determines the tissue absorption and penetration.

			Biological tissue reflects, absorbs, scatters or transmits light. 

			The light absorbing part of a molecule is called chromophore. The primary chromophores in tissue that are relevant for laser therapy applications are haemoglobin, oxyhaemoglobin, water, melanin and cytochrome C. These chromophores have affinity for specific wavelengths of laser radiation, expressed by the absorption coefficient. [3, 30]

			The figure below presents the absorption spectrum for these chromophores as a function of wavelength and shows absorption peaks at different wavelengths.

			Depending on the wave length, when travelling through the tissue, photons will be more or less absorbed by the chromophores on their way. The more photons absorbed at superficial levels, the less photons will penetrate to deeper levels.

			Therefore it is important:

			
					To deliver a sufficient amount of photons at skin level (sufficient power!)

					To select optimal wavelength(s) – which is a compromise between sufficient penetration and sufficient absorption. The figure below shows the optimal therapeutic wavelength window for light therapy [30]. 
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			On this graph we can see that wavelengths <600nm have absorption peaks for melanine and haemoglobin, hence they will be greatly absorbed by the (sub)cutaneous tissues. Wavelengths of >1200nm are absorbed mainly by water. 

			The therapeutic window for biostimulation is between 800 and 1100 nm. [30]

			Chattanooga HPL Combined Wavelengths

			
					HPL-7 combines 810nm + 980nm

					HPL-15 combines 810nm + 980nm + 1064nm 

			

			By delivering combined wave lengths, the Chattanooga HPL devices ensure optimal absorption by different tissue chromophores. 

			When absorbed by a chromophore, laser light will induce the following photochemical effects that are therapeutically relevant for pain relief and cell and tissue growth and repair: oxygenation, biostimulation, microvascularisation.

			
					OXYGENATION: when absorbing laser light, oxyhaemoglobin releases oxygen. Within the therapeutic window, HbO2 has optimal photon absorption between 900 and 1000nm. [6]	980nm wavelength of the Chattanooga HPL promotes oxygenationHbO2 -> Hb + O2




					BIOSTIMULATION: when absorbing laser light, Cytochrome C in the membrane of the mitochondria will bind the O2 molecules to form Cytochrome C Oxydase that plays a role in the ATP production. ATP is the energy supply for cell metabolism. Within the therapeutic window, HbO2 has optimal photon absorption between 800 and 850 nm. [2,6]	810nm wavelength of the Chattanooga HPL promotes biostimulationCC + O2 -> CCO -> ATP




					VASCULARISATION: when water absorbs laser light, this will cause temperature increase, resulting in increased circulation and vascularisation and pain relief. Within the therapeutic window, water has optimal absorption above 1000nm, along with minimal absorption by the other chromophores, hence ensuring deep penetration and deep tissue warming.	1064nm wavelength of the Chattanooga HPL promotes vascularisation and pain relief
	Does that mean the Chattanooga HPL-7, by not having the 1064 nm wavelength, will not have a thermal effect and associated increased vascularisation? NO	Water also absorbs the 810nm and 980nm wave lengths, but to a lesser extent as the absorption coefficient is lower at those wavelengths.
		Photochemical reactions induced by 810nm and 980nm wavelengths are associated with heat production. The additional 1064 nm wave length in the HPL-15 will produce additional deep heating.
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			B. Power & Energy

			The energy (E) delivered is a product of the power (P) and the treatment time (t).

			
				
					E = P x t

				

			

			When calculating energy dose, it is important to use the correct units of measurement:

			Energy: Joules (J)

			Power: Watt (W)

			Time: seconds (s)

			
				
					J = W x s

				

			

			The higher the power and/or the longer the treatment time, the higher the amount of energy delivered to the tissue.

			
				
					
							Within a certain amount of time we can deliver more energy by increasing the power.

							With a certain amount of power we can deliver more energy by increasing the 	treatment time.

					

				

			

			 For applying higher dosages within reasonable treatment times, HPL is recommended.

			C. Surface & Power Density

			Power density (PD) is also called the “intensity” of the light and is measured in Watts or milliWats per cm². Spreading the light over a large area gives a lower intensity as compared to concentrating the light on a small surface.

			
				
					PD = P / A = W / cm²

				

			

			A = Area; P = Power

			As biostimulation is based on local effects in the target tissue, power density should not be too low, even if the number of Joules is high. Low dose can not entirely be compensated by increased time. [33]

			 For treating larger tissue surfaces, HPL is recommended.

			D. Surface & Energy Density

			The amount of light energy delivered to the tissue can be concentrated on a small area or applied to a larger surface. When a given amount of energy is concentrated on a small surface, the energy density will be higher as opposed to when the same amount of energy is divided over a larger surface.

			The Energy Density (ED) is the amount of Energy delivered per cm² and is calculated by dividing the Energy in Joules by the area in square centimeters.

			
				
					ED = E / A

					ED = P x t / A

					J/cm² = W x s / cm²

				

			

			E = Energy; A = Area; P = Power; t = time

			Total energy delivered to the tissue within a session is a function of the energy density and the surface:

			
				
					E = ED x A

				

			

			Using the above formulas we can make the following conclusions:

			
				
					
							When the surface (cm²) increases, the power (W) and/or treatment time (s) will need to increase if we aim to deliver a certain energy density.  

							When the treatment surface increases while not increasing power and/or treatment time, the applied energy density will be less.

							The higher the E density which means the more energy or power delivered per cm², the shorter the time required to treat certain amount of square centimeters. 

					

				

			

			 

			 For treating larger tissue surfaces, HPL is recommended.

			Estimating treatment surface

			For estimating the treatment area it is not necessary to measure and calculate. The surface of an apple cut in half is about 50cm² and the area of the palm of an adult hand is about 100cm². Estimating the number of apple- or palm-sized areas you are treating will give an idea of the treatment surface.

			Energy density recommendations

			Biostimulation has been reported in the scientific literature with varying doses from < 1 J to > 100J.

			This does not mean we can just use any dosage. Additionally there is not one specific dose for each condition, because many parameters interact when treating human tissues, such as wave length, power density, type of tissue, condition of the tissue, acute or chronic condition, pigmentation, application technique, use of stand-off applicator, with or without skin contact.

			There is a “therapeutic dose window”: doses that are too low result in no or only a weak effect, while doses that are too high can have an inhibitory or even bio-suppressive effect. [33] 
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			Some general guidelines [33]:

			
					It is appropriate to begin with a low dose for a new patient to ensure that you do not enter a biosuppressive dose range or trigger a pain response on the first treatment. 

					Generally the dosage for acute conditions will be lower than for chronic conditions, however treatment sessions of acute conditions can be more closely spaced, while chronic complaints are usually best handled with more widely spaced treatment. 

					Higher densities are useful for pain conditions, while lower densities are better for wound healing. 

					Lower intensity and longer exposure are favorable when treating inflammation. 

					When treating a patient with laser therapy it is advised to evaluate the response after 3-4 treatments and to adapt parameters depending on the response.

			

			There are some reliable reference sources that can be used as guideline for dosage:

			
					Dosage recommendations by WALT (World Association for Laser Therapy, 2010) are between 4 and 16 J/cm² for most indications depending on pathology and location.

					Tuner & Hode [33] propose dosages between 0.5J/cm² for superficial open wounds to 4J/cm² for superficial pain and 10J/cm² for deep pain. 

					Bjordal et al. propose dosages between 0.7 and 42 J/cm² for tendon injuries depending on the tendon location [57] and between 0.5 and 160 J/cm² for osteoarthritis depending on the joint location[56]. 

					Tumilty et al. [71] propose dosages between 1.8 and 19.2 J/cm² for tendinopathy depending on the tendon location. 

			

			3. Penetration of Laser 

			For therapeutic efficacy it is important to deliver the optimal therapeutic dosage to the target tissue. Because of scattering and absorption of laser light on its way down from the surface to the deeper target tissue, the light intensity decreases approximately exponentially with the distance from the surface [33], with only a small percentage of the energy penetrating into the deeper tissues. 

			The therapeutic dosage that reaches the target tissue is dependent on the wavelength and the amount of light energy delivered to the skin surface.

			
					Wavelength determines absorption and scattering, the more laser light that is absorbed and scattered in the superficial tissues, the less energy penetrating into the deeper tissues. A great percentage of the light energy is absorbed and scattered in the skin layers. The figure below shows that between 750 and 1000nm wavelength the percentage of energy penetrating into the subdermis is highest.
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			Depth of light penetration through the skin for different wavelengths expressed as percentage of energy penetrating through the epidermis and dermis. [image from Oregon State University http://oregonstate.edu/ehs/book/export/html/381]

			The more energy delivered at the skin surface, the higher the energy that will penetrate into the subcutaneous tissues. Example: when delivering 10J at skin surface with optimal wavelength , 21%x10J = 2.1 J will reach the subcutaneous tissue – when delivering 1J at skin surface, 0.21 J will reach the subcutaneous tissue.

			
					The amount of light energy delivered at the skin surface is a function of the power and irradiation time (E = P x t). The higher the energy delivered at skin surface, the more energy will reach the deeper layers. Higher energy levels can be obtained by increasing either the power or the irradiation time.
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					Power determines the amount of energy delivered within a certain time frame, the more power delivered to the surface of the tissue, the larger the dosage that will be delivered to deeper tissue in a certain amount of time. The figure above shows that a percentage of the energy delivered to the skin penetrates into the subcutaneous tissue. The higher the amount of energy delivered at skin level, the higher the absolute energy value penetrating into the deeper tissues.

					Time also determines the amount of energy delivered. If the power cannot be increased, longer treatment times will be needed for reaching deeper tissues. This mainly is relevant for LLLT where the power is limited to < 500mW, hence the only parameter that can be adapted is time.

			

			Tuner & Hode (2010) propose the following formula to take tissue depth into account:
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			t= time   ED = energy density (J/cm²)   A = area (cm²)   d = depth (cm)   P = power (W)

			However with LLLT maximum penetration depth will not be more than 4cm with only a small portion of the energy reaching this depth.

			 For treating deeper tissues with a recommended therapeutic dosage, HPL is advised.
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			4. Emission Modes

			The amount of energy delivered to the tissue also depends on whether the emission occurs in a continuous mode or an interrupted / pulsed mode. In the continuous mode the laser emission is flowing continuously without interruption. Because of the uninterrupted delivery of energy, the continuous mode is associated with heating of the tissues. For conditions where we want to avoid tissue heating, laser therapy can be applied in interrupted or pulsed mode. In the interrupted or pulsed mode, the laser emission is ‘on’ part of the time and ‘off’ the remaining part of the time. 

			The alternation between ‘on’ and ‘off’ times occurs at a certain rhythm which is determined by the frequency, and the proportion of the ‘on’ versus the ‘off’ time is determined by the duty cycle.

			The Chattanooga HPL offers a choice of multiple emission modes:
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					Continuous emission mode: the laser emission is flowing continuously without interruption. This mode triggers cellular bio-stimulation processes. The release of signal molecules (NO, cytokinines, growth factors) results in increased formation of ATP, increasing the level of cellular metabolism resulting in tissue regeneration and healing. Studies indicate that laser radiation also induces increased fibroblastic activity, collagen synthesis, and angiogenesis due to the endothelial cell proliferation. [1-6, 30-33]

			

			Continuous laser emission is associated with heating of the tissues, which makes it particularly suited for chronic conditions.

			The amount of energy delivered with the continuous mode is a function of the power and the treatment time.
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			E = P x t = 15W x 10s = 150J

			
					Interrupted emission mode: the laser emission is interrupted according to an adjustable duty cycle. We define the percentage of ‘on time’ versus ‘off time’ (‘duty cycle’). In the Chattanooga HPL devices, the frequency is always 1Hz. This mode is used for acute conditions as it induces bio-stimulation, optimizing both pro- and anti- inflammatory effects, with lower thermal impact.
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			Duty cycle = 50%

			E = P x t x 50%= 15W x 10s x 50%= 75J

			
					Pulsed emission mode: the laser emission is delivered in pulses. The pulses have an adjustable pulse width (duration of one pulse) and frequency (number of pulses per second). This mode is also used for acute conditions and allows for customized adjustment of the pulse duration. The shorter the pulses, the lower the thermal effect. Very short pulses allow for high power application, resulting in deep penetration, while avoiding excessive heating of the tissues.
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			Frequency 1Hz, Pulse width 200ms (=0.2s)

			E = P x pulse width x Freq. x t = 15W x 0.2s x 1/s x 5s= 15J

			
					Single pulse emission mode: the Laser emission is concentrated in a single high-energy impulse with a precise and efficient dose. The pulse width and amplitude can be precisely fine tuned. This mode can be used for laser-acupuncture treatment.
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			Energy of one pulse

			E = P x t = P x pulse width = 15W x 0.2s = 3J

			
					Burst emission mode: in this mode each pulse consists of high frequency (sub)pulses. Because within each pulse laser emission is not continuous but interrupted at a very high frequency, this mode facilitates high application power, targeting deep tissues, while avoiding overheating. Pulse width and frequency of the bursts can be adjusted. This mode is particularly suitable for managing relapses in chronic recurrent pathologies that benefit from high energy.
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					Stochastic emission mode: in this mode power and pulse duration constantly change at random. - This mode allows for delivering a considerable amount of energy without discomfort of heating. This makes it ideal for trigger point treatments.
- This mode is recommended for pain management as the constant change of parameters has an effect on the pain regulating endogenous endorphin and gate control mechanisms. 
- Further the constantly changing stimulus may prevent accommodation in pain treatment.
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						Anti-inflammatory emission mode: this emission mode acts on the inflammation cascade with minimal heat production due to interrupted emission at 30% duty cycle. 

			

					This mode is especially recommended during the first 72 hours of acute inflammation and can be applied 			after pain treatment (stochastic mode). The power should not exceed 5W. Laser treatment is applied by 			scanning the inflamed area. 

			5. Adjust Parameters to Skin Phototype and Age

			A. Skin phototype (Fitzpatrick scale)

			
				
					
						
							
							
							
						
						
							
									
									Skin Type

								
									
									Skin Color

								
									
									History of Tanning & Sunburning

								
							

							
									
									I

								
									
									White

								
									
									Always burns easily, never tans

								
							

							
									
									II

								
									
									White

								
									
									Always burns easily, tans minimally

								
							

							
									
									III

								
									
									Light Brown

								
									
									Burns moderately, tans gradually

								
							

							
									
									IV

								
									
									Moderate Brown

								
									
									Burns minimally, tans well

								
							

							
									
									V

								
									
									Dark Brown

								
									
									Burns rarely, tans profusely

								
							

							
									
									VI

								
									
									Black

								
									
									Never burns, deep pigmentation

								
							

						
					

				

			

			Darker skin types have higher melanin concentration and melanin absorbs the laser photons (especially wavelengths <900nm). In order to avoid excessive skin heating, it is recommended to reduce the power, or use the interrupted or pulsed emission modes for phototypes IV-V-VI. 

			The same applies to patients having tattoos or pigmented spots/lesions. If a tattoo falls within the treatment area, the applicator should be moved quicker over the tattoo.

			B. Age

			In younger people the skin and tissues are more hydrated and more vascularised. More water means that part of the photons are absorbed by the water, and better vascularisation means more dissipation of the heat, therefore the dosage can be higher in younger people. 

			Older people have dryer tissue and less vascularisation, also the skin and tissues are thinner, therefore the dosage should be lower.

			6. Application Modes

			A. Circular technique 

			The circular technique is the preferred application mode for pain treatment. When pain is a dominant symptom, it may be advisable, before starting the bio-stimulation treatment of the affected area, to apply a dedicated pain treatment in the stochastic mode to

			
					the nerve root of the involved dermatome 

					the most painful spot(s) localized through palpation. The painful spot can be a myofascial trigger point. A Myofascial trigger point is a hyper-irritable point in skeletal muscle or fascia that can be felt as a nodule or band in the muscle. Pain from the primary trigger point can irradiate to broader areas and cause referred pain in other areas where it can cause secondary trigger points. 

			

			Technique: 

			Move the applicator along the skin surface in an inward or outward spiral motion. 

			
					When treating with an inward spiral motion, start from the periphery (about 5-7 cm from the most painful spot in the center), moving inwards to the center where you keep static for about 2-3 seconds.

					When treating from the center to the periphery, start at the center of the painful spot, remain there until the patient feels and reports heating, then move in spiral circles to the periphery.

			

			Repeat this spiral application until end of the trigger point therapy time. Published studies used dosages between 50 and 600 J per trigger point.

			The stochastic mode is recommended for treating trigger points, as this mode allows for applying a considerable amount of energy without discomfort of overheating. 
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			B. Grid-scanning Technique

			For bio-stimulation and also for anti-inflammatory treatment, we move the applicator along the skin surface in a scanning motion covering the most painful spot and surrounding tissues. The handpiece should be held perpendicular to the skin at all times and the scanning should be applied in both horizontal and vertical direction, moving the probe at a speed of around 3-7 cm/sec. The therapy is thermal so keep the applicator moving and avoid static application especially in the continuous emission mode.
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			C. Combine with Passive ROM

			If feasible laser treatment can be combined with passive range of motion exercises during 25% to 50% of application time.

			D. Holistic approach

			Consider surrounding tissues and the kinetic chain. 

			7. Use of Applicators

			Always use the handpiece with one of the magnetic applicators. Never use the handpiece in direct contact with the skin as the elevated energy density at hand piece level may cause skin burn.
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			Chattanooga offers a small (26 mm) and large (38 mm) applicator. The small applicator is shorter, less divergent and has a smaller skin irradiation surface (5 cm²) as compared to the large applicator that is longer, wider and having a larger skin irradiation surface (11 cm²). This means that for a given amount of power delivered by the hand piece, the power density (W/cm²) at skin level will be higher when using the small versus the large applicator.
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					The small applicator is recommended for pain and trigger point treatment (stochastic mode), and for scanning smaller surfaces. If the patient reports excessive heating, the power can be decreased, or the large applicator may be more appropriate.

					The large applicator is recommended for applying higher dosages to larger areas. 

					Examples:- For treating elbow epicondylitis the small applicator will be appropriate.
- For treating low back pain, in general the large applicator will be appropriate, while for treating specific trigger points the small applicator would be recommended.


			

			8. Treatment Frequency/Intervals [33]

			
					It has been shown to be beneficial to treat at closer intervals in the beginning and then at longer and longer intervals. 

					Depending on feasibility the first 3 to 5 treatments would be optimally applied daily during the first week of treatment. It is better to treat more frequently with low-to-moderate dose than applying high doses and few treatments.

					This is followed by one treatment every other day (3x/week) in the second week of treatment.

					After 6 treatments the effect of treatment should be evaluated and parameters may require to be adjusted depending on the evolution of the healing process.

					Treatment frequency can go to 2x/week in the third week and 1x/ week in the fourth and subsequent weeks of treatment.

					As a general rule, acute conditions can be treated more frequently but with lower dosages, while chronic conditions can be treated less frequently but with higher dosages. 

					It should also be noted that laser treatment has been shown to have a cumulative effect (the dose from one treatment lasts some time, and what “remains” of the dose is added to the dose at the next treatment). Therefore treatments should not be too close together, so as to avoid a situation where the accumulated dose eventually ends up above the biostimulating range. 
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			9. Treatment Area

			In general, laser treatment is applied to the area of pain and/or inflammation, the surrounding tissues, the nerve root of the corresponding dermatome and along the nerve pathway in case of irradiation or neuropathic pain.

			
					The total dosage proposed in the biositulation phase of the preset clinical protocols (CPS) of the Chattanooga HPL device allows for treating the wide pain area still offering therapeutic effective energy densities. This treatment area is indicated with the orange zone in the suggested treatment guidelines in this manual.

					When treating myofascial trigger points, laser treatment is first applied to the primary trigger point. However pain from the primary trigger point can irradiate and cause referred pain in other areas resulting in secondary trigger points. It is advisable to also treat those secondary trigger points or referred pain zones. Appendix III of this guide offers trigger point charts showing the trigger point (X) and the referred pain zone (red).

					When pain is a dominant symptom, it may be appropriate to also treat the nerve root of the involved dermatome. Appendix II of this guide offers dermatome maps showing the nerve roots with corresponding dermatomes.

			

			HPL allows for treating larger surfaces and applying higher amounts of energy within reasonable treatment times.

			With LLLT excessive treatment time is an issue when we want to apply high energy densities or treat large surfaces. When treating a larger surface with LLLT, the treatment will consist of treating some selected points within this area.

			10. Overview of Most Important Treatment Goals for HPLT

			A. Pain management

			1. Mechanisms of action

			Pain release is explained indirectly by suppressing the inflammation and swelling, and directly by acting on several aspects of pain signal processing:

			Transduction: 

			
						Laser light increases the action potential threshold of the nociceptors (pain receptors) making depolarization more difficult [19]

			

			Transmission: 

			
					Laser irradiation decreases the signal conduction velocity of the afferent peripheral nerves, thereby delaying the transmission of the pain signal to the spine [18,12]  

						At the level of the spinal cord, laser irradiation decreases substance P release in the synapse thereby decreasing the synaptic signal transmission. [13]

			

			Modulation:

			
						Laser irradiation increases endorphin release by the body. Elevated blood endorphin levels have been demonstrated after laser irradiation [14,16]

						Gate control: transmission of the laser stimulus via the Aβ neurons inhibits the pain signal transmission via the in Aδ and C neurons at interneuron level in the dorsal horn of the spine. [15,55]

			

			2. Recommended emission mode

			Stochastic mode is recommended because the constant change of parameters in this mode has an effect on the nociceptors and pain regulating mechanisms, and the constantly changing stimulus may prevent accommodation.

			B. Inflammation management

			1. Mechanisms of action

			Laser is the only physical agent that has a direct effect on the inflammation process.

			The effects on suppression of the inflammation have been studied on molecular level. 

			
					Laser therapy reduces the level of inflammatory proteins and polynuclear cells at the inflammation site and stimulates the phagocytosis activity of the neutrophiles and the macrophages [8,10,22].

					Laser irradiation reduces the concentration of pro-inflammatory cytokines such as Interleukine 1 & 6, TNFα. [8,10]

					Laser therapy has an effect on the inflammatory mediators such as bradykinine. [13]

					Laser therapy has an effect on the synthesis of prostaglandins. [9,10]

					Laser therapy has an effect on the biochemical signal pathways and gene expressions of cytokines, chemokines,and growth factors. [11]

					Laser therapy activates NO release which causes increased microcirculation and vasodilatation of the lymphatic vessels, reducing the oedema and promoting the elimination of inflammatory waste. [30]

			

			2. Recommended emission mode

			In acute inflammatory conditions, the ‘anti-inflammatory’ mode with 30% duty cycle is recommended in order to reduce the heating effect. The duty cycle can be increased for subacute and chronic inflammations.

			C. Soft tissue repair (ligaments, tendons, muscles)

			1. Mechanisms of action

			Laser therapy has a positive effect on the three phases of tissue repair: the inflammatory phase, the proliferative phase and the remodeling phase.

			Specific parts of the cellular mitochondrial chains have the ability to absorb specific wavelength of laser radiation, and the release of other signal molecules (NO, cytokinines, growth factors) results in increased formation of ATP, increasing the level of cellular metabolism and resulting in the tissue regeneration and healing [1,4,71]. The studies indicate that laser radiation affects also increased fibroblastic activity, collagen synthesis, and neoangiogenesis due to the endothelial cell proliferation in the tissue affected [1,2,32].

			The thermic effect causes vasodilatation and increases microcirculation and oxygen supply to the cells.

			2. Recommended emission mode

			The continuous mode is recommended unless there is an associated acute inflammation.

			D. Wound - scar - mucosa healing  

			1. Mechanisms of action

			The mechanisms of action are the same as described above for soft tissue repair: increased ATP production, increased cellular metabolism, fibroblast activity and oxygenation to promote wound healing. 

			2. Recommended emission mode

			The continuous mode is recommended.

			3. Application mode

			Scanning mode including both the wound bed and wound margins. Avoid direct skin contact over the wound bed and mucosa (applicator at 0.5 cm distance). Wound margins and scar tissues however can be treated with direct skin contact.

			E. Cartilage and bone healing

			1. Mechanisms of action

			In vitro and in vivo studies have shown laser irradiation increased osteoblastic proliferation, collagen deposition and bone neoformation. Furthermore, the effect of laser therapy is higher when applied at early stages when high cellular proliferation occurs [33].

			Cartilage regeneration of experimentally induced cartilage defects treated with LLLT has been described [25,28]. The authors observed proliferation of fibroblasts with morphological and histological changes that indicate the transformation of these cells into chondrocytes.

			Improved fracture healing with enhanced callus development has been demonstrated in animal research [26].

			2. Recommended emission mode

			Interrupted mode will avoid heat accumulation.

			11. Precautions and Contra-Indications

			Because the laser source used emits light in the near infrared range, contraindications are essentially related to:

			
					Eye damage

					Thermal damage to tissue exposed to the therapy, with particular attention to continuous emission and the phototype of the patient.

			

			To avoid eye damage:

			
					use protective glasses 

					never look directly into the distal end of the probe when the laser device is active

					avoid reflective objects in the path of the laser beam

			

			To avoid thermal damage:

			
					evaluate the thermal sensitivity of the patient and their phototype and adjust emission mode and power accordingly.

					Move the applicator faster over tattoos when these are within the treatment zone.

			

			In particular, avoid use on:

			
					patients with suspected or obvious neoplasm

					pregnant women

					photo-sensitive areas

					infected areas

					epileptic patients

					areas of hemorrhage

					the sympathetic nerves, vagus nerve, or cardiac area of cardiac patients.

					Patients with impaired thermal sensitivity or sensory neuropathy 

			

			Do not treat through clothing or bandages as these materials will absorb laser energy, which makes the treatment less effective and moreover may cause burning of the textile.

		

	
		
			Part II: Application Guidelines Per Body Part / Indication

			The Chattanooga CPS offers preset protocols that aim to serve as a guideline for treating common indications for laser therapy. The clinician will develop individual protocols based on personal experience. Individual protocols can also be stored in the device.

			In this section you will find treatment guidelines for common laser therapy indications. 

			For each body part you will find:

			
					General treatment guidelines.

					A brief overview of published clinical studies using HPL therapy for that body part and the parameters/protocols used in the studies.

					Suggested parameter settings for specific indications in table format. 				 These recommendations are based on clinician experience and clinical studies and aim to serve as guidance for the therapist who is not yet familiar with laser therapy. As each individual situation is unique, the therapist may want to adjust the proposed protocols according to the patient’s response, healing progress and his experience or preference.									The recommendations cover multiple treatment goals:

			

			1. Pain Treatment

			For all indications where pain is a symptom, a pain treatment in the stochastic mode is recommended prior to the biostimulation. When using the CPS in the Chattanooga HPL device, phase 1 and 2 allow for pain treatment in the stochastic mode. Pain treatment concentrates on the pain points or trigger points, and on the nerve roots. 

			
					Nerve root treatment is applied to the nerve root of the involved dermatome with a circular application technique during 1 minute per point. This treatment can be applied during phase 1 when using the CPS in the Chattanooga HPL device. A dermatome map is included in the Appendix II of this manual.

					Trigger Point treatment is applied after identifying the trigger points through palpation, with the circular application technique during 1 (acute) to 3 (chronic) minute(s) per point. This treatment can be applied during phase 2 when using the CPS in the Chattanooga HPL device.

			

				A detailed trigger point map is provided at the end of the manual in Appendix III. However if there are no true 		trigger points, this pain treatment can be applied to the most painful spot(s) or area(s).

			2. Inflammation Management

			In case of an acute inflammation, the pain treatment can be followed by an anti-inflammatory treatment during the first 72h. Therefore the anti-inflammatory emission mode is recommended. This is a very gentle emission mode avoiding tissue heating and irritation. This treatment should be applied to the “hot spot” of inflammation which is indicated on the image as a red zone within the orange surface. 

			Generally when the anti-inflammatory treatment phase is preceded by a pain treatment phase, this will be sufficient during the first treatment sessions of acute inflammation. However depending on the individual situation it may be appropriate to proceed with a biostimulation treatment of surrounding tissues using an interrupted emission mode.

			3. Biostimulation Treatment

			When using the CPS in the Chattanooga HPL device, phase 3 proposes a biostimulation treatment. 

			The proposed treatment dose and time for biostimulation in the guidelines below allow for covering the orange zone on the image, corresponding to the affected site and surrounding tissue on an average adult person.

			Each patient is different; the clinician can adjust treatment time/dosage to individual patient size and affected surface area using the above discussed formula E = ED x A.

			
					Example: Chronic cervical arthrosis

					Proposed treatment dose = 5600J

					Proposed treatment area = ± 400cm² (estimated orange surface)

					If the treatment area of your patient is ± 200 cm², the treatment dose can be decreased to 2800J, the associated treatment time will be calculated automatically taking power and emission mode into account.

			

			Biostimulation parameters:

			
					Power (W) in the tables below is proposed for the HPL-15 device – this means that when the suggested Power is > 7W, the power will be 7W with the HPL-7 device and hence treatment time will be longer for the same indication. Therefore there are two treatment time columns, one when using HPL-15 and one when using HPL-7.

					Total energy dose (J) and associated treatment time in the tables below are for average aged patients (30-50y). This dose can be increased/decreased with ±10% for resp. younger and older patients.

					Dosage/cm² (energy density) is not mentioned in the below tables because is not a constant value – it has two-dimensional distribution over a surface but also has a three-dimensional distribution in the treated tissue volume. Dosage/cm² recommendations can only be given schematically as it varies with treatment conditions, patient condition and individual receptiveness of the patient to laser. 

			

			It is appropriate to begin with a lower dose for a new patient to ensure that you don’t enter a biosuppressive dose range on the first treatment.

			The following values can serve as a guideline but to be adapted to individual treatment/patient/skin/tissue conditions and patient/tissue response.

			
				
					
						
							
							
						
						
							
									
									Open wounds (wound bed)

								
									
									0.5-2 J/cm²

								
							

							
									
									Open wounds (wound margin)

								
									
									2-4 J/cm²

								
							

							
									
									Acute Inflammation superficial

								
									
									2-4 J/cm²

								
							

							
									
									Acute Inflammation deep

								
									
									4-8 J/cm²

								
							

							
									
									Acute pain superficial

								
									
									2-8 J/cm²

								
							

							
									
									Acute pain deep

								
									
									4-10 J/cm²

								
							

							
									
									Chronic pain superficial

								
									
									6-12 J/cm²

								
							

							
									
									Chronic pain deep

								
									
									8-16 J/cm²

								
							

							
									
									Musculoskeletal repair acute / superficial

								
									
									4-8 J/cm²

								
							

							
									
									Musculoskeletal repair acute / deep

								
									
									8-12 J/cm²

								
							

							
									
									Musculoskeletal repair chronic / superficial

								
									
									8-16 J/cm²

								
							

							
									
									Musculoskeletal repair chronic / deep

								
									
									12-20 J/cm²

								
							

						
					

				

			

			
					Biostimulation emission mode can be continuous or interrupted. For darker skin types (phototype ≥ IV) or inflammation the interrupted mode is recommended. Treatment times for both emission modes are presented in the table. Treatment time for applying a given amount of Joules in the interrupted 50% duty cycle mode is twice the treatment time of the continuous mode. 

			

			Overview of indications
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			1. Cervical Spine

			General treatment guidelines

			
					Localise the nerve root of the involved dermatome and identify tender or trigger points through clinical examination and palpation. You can treat those points with the circular technique in the stochastic mode.

					After treating the tender or trigger points, proceed to biostimulation treatment using the scanning technique over the orange area indicated on the image. When treating dorsal zones keep neck in a ventrally flexed position (chin on chest), when treating laterally, keep neck flexed in opposite direction.

					For biostimulation the continuous mode is recommended, however for acute inflammatory conditions or skin phototype ≥ 4, it is recommended to decrease the power and/or to use the interrupted or pulsed mode.

					Cervical pathology can be associated with irradiated pain in the shoulder or arm. Irradiation pain areas should be included in the treatment.

					The position of the handpiece should be perpendicular to the target tissue at all times.

					Pay attention to avoid direct irradiation of the vagus nerve, sympathetic cervical ganglion and trunk, or carotid sinus when treating the anterolateral aspect of the neck. Watch your patient’s response and especially be attentive to any vagal reaction or change in basal functions he/she may show.
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			Scientific clinical studies using HPL:

			
				
					
						
							
							
							
							
							
						
						
							
									
									Efficacy of high-intensity laser therapy in the treatment of chronic neck pain: a randomized double-blind placebo-control trial. 

									Alayat MS et al. Lasers Med Sci. 2016 May;31(4):687-94.

								
							

							
									
									Design

								
									
									Total Dose

								
									
									E-density

								
									
									Surface

								
									
									Protocol

								
							

							
									
									RCT - 60 patients

									- HPL + exercise

									- Placebo + ex.

								
									
									Ph 1:  1025J

									Ph 2:    200J

									Ph 3:  1025 J

									Total: 2250J

								
									
									Ph 1 & 3: 

									13.6J/cm²

								
									
									Ph 1 & 3: 

									75cm²

								
									
									Ph 1: fast scanning

									Ph 2: triggerpoints (8)

									Ph 3: slow scanning

									12 sessions (2/week)

								
							

							
									
									Scanning was performed transversely and longitudinally to the posterior neck on the paraspinal area, upper back, interscapular area, trapezius and sternocleidomastoid muscles, and posterior and lateral shoulder areas.

								
							

							
									
									Patients in the intervention group had significantly greater improvement of pain and ROM than patients in the placebo group.

								
							

						
					

				

			

			
				
					
						
							
							
							
							
							
						
						
							
									
									The Effectiveness of Cervical Spondylosis Therapy with Saunders Traction Device and High-Intensity Laser Therapy: A Randomized Controlled Trial.

									Haładaj R et al. Med Sci Monit. 2017 Jan 20;23:335-342.

								
							

							
									
									Design

								
									
									Total Dose

								
									
									E-density

								
									
									Surface

								
									
									Protocol

								
							

							
									
									RCT

									- HPLT

									- Traction

								
									
									Pain: 195J

									Biostim: 1250J

								
									
									Pain: 5J/cm²

									Biostim: 50J/cm²

								
									
									Pain: 39cm²

									Biostim: 25cm²

								
									
									• Acute patients: 

										pain protocol/pulsed 25Hz

									• Chronic patients: biostim protocol/continuous

										10 sessions (5x/week)

								
							

							
									
									In the analgesic mode, the handpiece was moved contact-free in a continuous spiral motion over C3 to T4, slightly inward of each of the spinal segments.

									In the biostimulation mode, laser therapy was applied paraspinally with continuous handpiece motion parallel to muscle fibers, from C4 to Th4.

								
							

							
									
									Both interventions produced significant improvement of pain, disability and cervical ROM. Traction provided more improvement immediately post-treatment and HPLT provided longer lasting improvement at long-term follow-up (3m).

								
							

						
					

				

			

			
				
					
						
							
							
							
							
							
						
						
							
									
									Effect of high-intensity laser therapy in the management of myofascial pain syndrome of the trapezius: a double-blind, placebo-controlled study. 

									Dundar U et al. Lasers Med Sci. 2015 Jan;30(1):325-32.

								
							

							
									
									Design

								
									
									Total Dose

								
									
									E-density

								
									
									Surface

								
									
									Protocol

								
							

							
									
									RCT – 76 patients

									- HPL + exercise

									- Placebo + ex.

								
									
									Ph 1:    500

									Ph 2:      60J

									Ph 3:    500J

									Total: 1060J

								
									
									Ph 1 & 3: 

									5J/cm²

								
									
									Ph 1 & 3: 

									100 cm² 

								
									
									Ph 1: fast scanning, 30s

									Ph 2: triggerpoints (6), 6s/point

									Ph 3: slow scanning, 60s

									15 sessions (5x/week)

								
							

							
									
									Scanning was performed in both the transverse and longitudinal directions over the bilateral trapezius muscles. TP treatment was performed bilaterally on 3 trigger points (total of 6 points) over the trapezius muscle.

								
							

							
									
									Patients in the intervention group had significantly greater improvement of pain, disability and quality of life than patients in the placebo group.

								
							

						
					

				

			

			
				
					
						
							
							
							
							
							
						
						
							
									
									High power laser therapy treatment compared to simple segmental physical rehabilitation in whiplash injuries (1° and 2° grade of the Quebec Task Force classification) involving muscles and ligaments.

									Conforti M et al. Muscles Ligaments Tendons J. 2013 Jul 9;3(2):106-11.

								
							

							
									
									Design

								
									
									Total Dose

								
									
									E-density

								
									
									Surface

								
									
									Protocol

								
							

							
									
									RCT – 135 patients

									- HPLT

									- Conventional PT

								
									
									5 x 30J = 150J

								
									
									
									
									5 Trigger points

									40s/point 

									5 sessions (1x/day)

								
							

							
									
									Laser application lasted in average 5 min, divided in 5 mini applications of 40 sec. each, with 20 sec. pauses in between.

								
							

							
									
									Patients in the intervention group had significantly greater improvement of pain and were able to resume their work significantly earlier.

								
							

						
					

				

			

			Suggested Treatment Protocols per cervical indication - Chattanooga HPL-15 and HPL-7

			
				
					
						
							
							
							
							
							
							
							
							
						
						
							
									
									Cervical Arthrosis/Spondylosis/Osteoarthritis

									Cervical osteoarthritis or spondylosis is a condition involving changes to the bones, discs, and joints of the neck. These changes are caused by the normal wear-and-tear of aging. With age, the discs of the cervical spine gradually break down, lose fluid, and become stiffer. As a result of the degeneration of discs and other cartilage, spurs or abnormal growths called osteophytes may form on the bones in the neck. These abnormal growths can cause narrowing of the interior of the spinal column or in the openings where spinal nerves exit, a related condition called cervical spinal stenosis. When nerves are affected, pain may irradiate to shoulders and arms.

									The main treatment goals of laser therapy will be pain relief, inflammation control, and biostimulation of the synovial fluids and cartilage.
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									Cervicalgia

									Neck pain can result from multiple causes, such as muscle overuse or strain, osteoarthritis, nerve compression, injury such as whiplash, and other diseases. Laser therapy will help relieving pain and muscle tension associated with those conditions, and will promote a more beneficial environment for healing and regeneration. However make sure the underlying cause of pain is addressed properly. 

									When neck muscles are subject to prolonged loading or overuse, the increased muscle tension is often associated with localized tender or myofascial trigger points. The charts in the appendix II will help you identify the trigger points.
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									Cervicobrachialgia

									Cervicobrachialgia refers to pain emanating from the cervical spine and radiating to the arm, due to compression of nerve roots of the cervical spinal cord.

									Laser therapy will help controlling pain, inflammation and muscle tension, and will promote a beneficial environment for nerve recovery. Treat the cervical area from where the pain is originating, as well as the irradiation pain zone. HPL allows for treating a large surface within a reasonable amount of time.

									Make sure the underlying cause of pain is addressed properly.

								
							

							
									
									Bio-stimulation
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									Cervical contracture

									Cervical contracture is an increased tension or spasm in a muscle or muscle group causing pain and decreased ROM. Contracture of the m. sternocleidomastoideus can cause abnormal, asymmetrical head/neck position which is called “torticollis”. 

									The increased muscle tension can be associated with localized tender or myofascial trigger points. The charts in the appendix II will help you identify the trigger points.

									Laser therapy will help relieving pain, and the heating effect will contribute to muscle relaxation.
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			2. Lumbar Spine

			General Treatment Guidelines

			
					Localise the nerve root of the involved dermatome and identify the most painful spots or trigger points through clinical examination and palpation. You can treat those points with the circular technique in the stochastic mode.

					After treating the tender or trigger points, proceed to bio-stimulation treatment using the scanning technique over the orange area indicated on the image.

					For biostimulation the continuous mode is recommended, except for acute inflammatory conditions or skin phototype ≥ 4, where interrupted or pulsed mode is advised.

					Lumbar pathology can be associated with irradiated pain in the buttock or legs. Irradiation pain areas should be included in the treatment.

					The position of the handpiece should be perpendicular to the target tissue at all times.

			

			Scientific studies using HPL

			
				
					
						
							
							
							
							
							
						
						
							
									
									Long-term effect of high-intensity laser therapy in the treatment of patients with chronic low back pain: a randomized blinded placebo-controlled trial. 

									Alayat MS et al. Lasers Med Sci. 2014 May;29(3):1065-73.

								
							

							
									
									Design

								
									
									Total Dose

								
									
									E-density

								
									
									Surface

								
									
									Protocol

								
							

							
									
									RCT – 72 patients

									- HPLT + exercise

									- Placebo + ex.

								
									
									Ph 1:  1400J

									Ph 2:    200J

									Ph 3:  1400J

									Total: 3000J

								
									
									Ph1 & Ph2: 

									±7J/cm²

								
									
									±200 cm²

								
									
									Ph 1: fast scanning

									Ph 2: paravertebral points (8) 

									Ph 3: slow scanning

									12 sessions (3x/week)

								
							

							
									
									Scanning was performed transversely and longitudinally in the lower-back area of L1–L5 and S1, to cover the fasciae, sacral ligaments, ileum, latissimus dorsi, obliquus externus abdominis, and the upper part of the gluteus maximus. 

								
							

							
									
									HILT combined with exercise is more effective and has a more prolonged effect than sham laser with exercise or laser alone, for increasing lumbar ROM and for decreasing pain and functional disability, with effects lasting up to 3 months.

								
							

						
					

				

			

			
				
					
						
							
							
							
							
							
						
						
							
									
									Comparison of high-intensity laser therapy and ultrasound treatment in the patients with lumbar discopathy. 

									Boyraz I et al. Biomed Res Int. 2015;2015:304328.

								
							

							
									
									Design

								
									
									Total Dose

								
									
									E-density

								
									
									Surface

								
									
									Protocol

								
							

							
									
									RCT – 65 patients

									- HPLT + exercises

									- US + exercises

									- NSAID + exercises

								
									
									Total: 1800J

								
									
									±18J/cm²

								
									
									±100 cm²

								
									
									10 sessions (5x/week)

								
							

							
									
									All groups had significant improvement of pain and function, but the improvements lasted longer with HPLT and US therapy.

								
							

						
					

				

			

			
				
					
						
							
							
							
							
							
						
						
							
									
									Short-term effects of high-intensity laser therapy versus ultrasound therapy in the treatment of low back pain: a randomized controlled trial. 

									Fiore P et al. Eur J Phys Rehabil Med. 2011 Sep ;47(3) :367-73.

								
							

							
									
									Design

								
									
									Total Dose

								
									
									E-density

								
									
									Surface

								
									
									Protocol

								
							

							
									
									RCT – 30 patients

									- HPLT

									- US

								
									
									Ph 1:   1200J

									Ph 2:     200J

									Ph 3:   1200J

									Total:  2600J

								
									
									Ph1 & 3:

									12J/cm²

								
									
									100 cm²

								
									
									Ph 1: fast scanning, 30s

									Ph 2: triggerpoints 

									Ph 3: slow scanning, 60s

									15 sessions (5x/week)

								
							

							
									
									Scanning was performed both transversally and longitudinally on the zones of muscular contracture, particularly the lumbar and dorsal muscles, lattissimus dorsi, obliquus externus and gluteus maximus.

								
							

							
									
									At the end of the 3-week intervention, both groups showed a significant reduction of pain and disability scores. The improvements were significantly greater in the HPLT group compared to the US group.

								
							

						
					

				

			

			Suggested treatment protocols per lumbar indication - Chattanooga HPL-15 and HPL-7

			
				
					
						
							
							
							
							
							
							
							
							
						
						
							
									
									Lumbar Arthrosis / Arthritis

									Osteoarthritis of the spine is caused by the gradual breakdown of the cartilage that protects the facet joints. Facet joints allow adjacent vertebrae to flex and extend, but can become stiff and inflamed if the cartilage becomes brittle and wears away. Bone spurs, or osteophytes, can develop in arthritic joints as a natural response to this increased joint friction. Inflamed joints and bone spurs can both narrow the spinal canal and nerve root exits, potentially leading to painful nerve compression. When nerves are affected, pain may irradiate to the buttock and legs. It is a painful condition affecting functional activities and quality of life.

									The main treatment goals of laser therapy will be pain relief, inflammation control, and biostimulation of the synovial fluids and cartilage.
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									Low Back Pain

									Low back pain can be caused by a variety of problems with any parts of the complex, interconnected network of spinal muscles, nerves, bones, discs or ligaments in the lumbar spine. 

									Laser therapy will help relieving pain and muscle tension associated with those conditions, and will promote a beneficial environment for healing and regeneration.
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									Lumbar spondylodiscoarthrosis

									Spondylodiscopathy is an injury or degeneration of the intervertebral disc. It could be from simple wear and tear, or may have a traumatic cause. The disc itself does not have a blood supply, so if it sustains an injury it cannot repair itself the way other tissues in the body can. An otherwise insignificant injury to the disc can start a degenerative cascade whereby the disc wears out. The low back pain associated with lumbar degenerative disc disease is usually generated from inflammation, as the proteins in the disc space irritate the surrounding nerves, and abnormal micro-motion instability, when the outer rings of the disc (annulus fibrosus) are worn down and cannot absorb stress on the spine effectively, resulting in movement along the vertebral segment. Deterioration of the annulus fibrosus can further lead to protrusion (bulging) or herniation of the central part of the disc (nucleus pulposus). The bulged or herniated part of the disc can cause mechanical compression on a neural element — either the spinal cord, or a nerve root.

									Laser therapy will help relieving pain, inflammation and muscle tension associated with those conditions, and will promote a beneficial environment for healing and regeneration.
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			3. Shoulder

			General Treatment Guidelines

			
					Localise the nerve root of the involved dermatome and identify the most painful spots or trigger points through clinical examination and palpation. You can treat those points with the circular technique in the stochastic mode.

					For deeper peri- and intra-articular structures it is recommended to put the shoulder in a position that opens the anatomical gateway to the joint space.

					After treating the tender or trigger points, proceed to bio-stimulation treatment using the scanning technique over the orange area indicated on the image. 

					For biostimulation the continuous mode is recommended, except for acute inflammatory conditions or skin phototype ≥ 4, where interrupted or pulsed mode is advised.

					When treating an arthritic joint, always treat the entire circumference of the joint.

					If feasible laser treatment can be combined with passive range of motion exercises during part of application time.

					Laser treatment of the shoulder can be preceded or followed by application to the cervical and pectoral musculature that can be strained through compensatory use during a shoulder injury.

					The position of the handpiece should be perpendicular to the target tissue at all times.

			

			Scientific studies using HPL

			
				
					
						
							
							
							
							
							
						
						
							
									
									Effectiveness of High-Intensity Laser Therapy in Subacromial Impingement Syndrome. 

									Karaca B. Photomed Laser Surg. 2016 Jun;34(6):223-8

								
							

							
									
									Design

								
									
									Total Dose

								
									
									E-density

								
									
									Surface

								
									
									Protocol

								
							

							
									
									Retrospective study

									42 patients

								
									
									analgesic: 300J

									biostim: 2500J

								
									
									analgesic: 

									12J/cm²

									biostim: 

									100J/cm²

								
									
									25 cm²

								
									
									3 session analgesic mode (8W, pulsed, 25Hz)

									6 sessions biostim mode (7W, cont.)

									Total 9 session (3x/week)

								
							

							
									
									In the analgesic mode the beams were delivered to the subacromial space, forming a circle outside-to-inside. In the biostim mode the beams were applied to the subacromial space in a longitudinal direction.

								
							

							
									
									HPLT provided significant improvement of pain, shoulder function and disability at follow-up 8 weeks post-treatment.

								
							

						
					

				

			

			
				
					
						
							
							
							
							
							
						
						
							
									
									Short-term effects of high-intensity laser therapy versus ultrasound therapy in the treatment of people with subacromial impingement syndrome: a randomized clinical trial. 

									Santamato A et al. Phys Ther. 2009 Jul;89(7):643-52

								
							

							
									
									Design

								
									
									Total Dose

								
									
									E-density

								
									
									Surface

								
									
									Protocol

								
							

							
									
									RCT – 70 patients

									- HPLT

									- US

								
									
									Ph 1:  1000J

									Ph 2:      50J

									Ph 3:  1000J

									Total: 2050J

								
									
									Ph 1 & 2: 

									10J/cm²

								
									
									100 cm²

								
									
									Ph 1: fast scanning, 30s

									Ph 2: triggerpoints 

									Ph 3: slow scanning, 60s

									10 sessions (5x/week)

								
							

							
									
									Scanning was performed over the zones of muscular contracture, particularly for the upper trapezius and deltoid muscles and anteriorly for the pectoralis minor muscle. Scanning was performed in both transverse and longitudinal directions with the arm positioned in internal rotation and extension to expose the rotator cuff.

								
							

							
									
									HILT provided significantly greater improvement in pain, articular movement, functionality, and muscle strength of the affected shoulder than US therapy.

								
							

						
					

				

			

			
				
					
						
							
							
							
							
							
						
						
							
									
									Short-term effects of high-intensity laser therapy on frozen shoulder: A prospective randomized control study. 

									Kim et al. Man Ther. 2015 Dec;20(6):751-7

								
							

							
									
									Design

								
									
									Total Dose

								
									
									E-density

								
									
									Surface

								
									
									Protocol

								
							

							
									
									RCT – 66 patients

									- HPLT

									- Placebo

								
									
									Ph 1:    4000J

									Ph 2:    4000J

									Ph 3:    2000J

									Total: 10000J

								
									
									Ph 1: 40J/cm²

									Ph 2: 40J/cm²

									Ph 3: 20J/cm²

								
									
									100 cm²

								
									
									Ph 1: rapid scanning 

									Ph 2: 5s/point along ant/post joint line

									Ph 3: rapid scanning 

									9 sessions (3x/week)

								
							

							
									
									The scanning in Ph. 1&3 was performed on the anterior and posterior joint line of the shoulder, parallel to the joint line, with the patient's arm internally rotated on the posterior scan and externally rotated on the anterior scan. In phase 3 the deltoid area was also included in the scanning.

								
							

							
									
									HILT provided significantly greater improvement in pain than placebo at short-term (3wks) follow-up.

								
							

						
					

				

			

			Suggested Treatment Protocols per shoulder indication - Chattanooga HPL-15 and HPL-7

			
				
					
						
							
							
							
							
							
							
							
							
						
						
							
									
									Shoulder arthrosis / arthritis

									There are 2 joints within the shoulder that can be affected by osteoarthritis. The main joint that provides most of the shoulder motion is the glenohumeral joint, which is where the humerus meets the scapula. The other smaller joint in the shoulder that does not provide much motion is the acromioclavicular joint, which is the joint that connects the collar bone and the scapula. Arthritis of the GH joint usually hurts mostly in the back of the shoulder while AC arthritis hurts mostly in the front of the shoulder at the end of the collar bone.

									Laser therapy will help relieving pain, inflammation and stiffness, and will promote a beneficial environment for healing and regeneration.
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									Subacromial conflict

									Subacromial impingement syndrome is an encroachment of the subacromial tissues as a result of the narrowing of the subacromial space. Impingement arises from mechanical compression of the rotator cuff - centred primarily on the supraspinatus tendon insertion onto the greater tuberosity - against the undersurface of the anterior edge of the acromion.

									Patients usually complain of pain at night, exacerbated by lying down on the affected shoulder or sleeping with the arm overhead. The patient also complains of painful normal daily activities. The pain usually develops insidiously over a period of weeks to months and it is typically localized to the anterolateral acromion. 

									Laser therapy will help relieving pain and inflammation, and will promote a beneficial environment for healing and regeneration of the damaged tissues. Put the shoulder joint in a position that opens the gateway to the subacromial space.
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									Rotator cuff lesion

									The rotator cuff is a network of 4 muscles - m. suprasinatus, m. infraspinatus, m. teres minor and m. subscapularis - that come together as tendons to form a covering around the head of the humerus. When one or more of the rotator cuff tendons is torn, the tendon no longer fully attaches to the head of the humerus. Rotator cuff tears can be caused by acute shoulder injury, but most tears are degenerative as a result of repetitive stress, lack of blood supply and bone spurs developing over time at the underside of the acromion. Most tears occur in the supraspinatus muscle and tendon, but other parts of the rotator cuff may also be involved. There is a lubricating bursa between the rotator cuff and the acromion. The bursa allows the rotator cuff tendons to glide freely when moving the arm. When the rotator cuff tendons are injured or damaged, this bursa can also become inflamed and painful.

									Laser therapy will help relieving pain and inflammation, and increased microvascularisation and oxygenation will enhance the body's natural ability to repair tendon damage. Put the shoulder in a position that opens the gateway to the rotator cuff. Therapy should be applied towards the center of the joint from the superior, anterior and posterior positions followed by application over the entire shoulder region.
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			4. Elbow

			General Treatment Guidelines

			
					Localise the nerve root of the involved dermatome and identify the most painful spots or trigger points through clinical examination and palpation. You can treat those points with the circular technique in the stochastic mode.

					After treating the tender or trigger points, proceed to bio-stimulation treatment using the scanning technique over the orange area indicated on the image. 

					For biostimulation the continuous mode is recommended, except for acute inflammatory conditions or skin phototype ≥ 4, where interrupted or pulsed mode is advised.

					When treating an arthritic joint, always treat the entire circumference of the joint.

					If feasible laser treatment can be combined with passive ROM exercises during part of application time.

					The position of the handpiece should be perpendicular to the target tissue at all times.

			

			Scientific studies using HPL

			
				
					
						
							
							
							
							
							
						
						
							
									
									Long term effects of high intensity laser therapy in lateral epicondylitis patients.  

									Akkurt E et al. Lasers Med Sci. 2016 Feb;31(2):249-53

								
							

							
									
									Design

								
									
									Total Dose

								
									
									E-density

								
									
									Surface

								
									
									Protocol

								
							

							
									
									Case series

									- 30 patients (37 elbows)  

									- repeated measures (before-after treatm.)

								
									
									4 sessions: 150J

									6 sessions: 3000J

								
									
									4 sessions: 

									6J/cm²

									6 sessions: 

									120J/cm²

								
									
									25 cm²

								
									
									4 sessions: pain points 

									6 sessions: biostim scanning 

									Total 10 sessions (5x/week)

								
							

							
									
									Pain points were treated in a circular motion from the center toward the outside during the 4 first sessions. During the subsequent 6 sessions scanning was performed at the pain inflicting region, in a linear motion.

								
							

							
									
									HPLT produced significant improvement of pain, disability, quality of life and hand grip strength immediately following treatment and the improvements continued to increase through the post-treatment 6 month.

								
							

						
					

				

			

			
				
					
						
							
							
							
							
							
						
						
							
									
									The effectiveness of therapeutic class IV (10 W) laser treatment for epicondylitis. 

									Roberts DB et al. Lasers Surg Med. 2013 Jul;45(5):311-7

								
							

							
									
									Design

								
									
									Total Dose

								
									
									E-density

								
									
									Surface

								
									
									Protocol

								
							

							
									
									RCT – 16 patients

									- HPLT

									- Placebo

								
									
									3000J

								
									
									6.6±1.3 J/cm²

								
									
									± 400 cm²

								
									
									8 sessions over 3 weeks:

									- Start with 3 daily treatments

									- Subsequent treatments every other day

								
							

							
									
									The first 2.5 minutes of the laser treatment were administered with the arm in full extension, and the second 2.5 minutes were administered while passively moving the joint through its range of motion in order to better allow full illumination of the tissue. The laser probe was moved in a “painting” fashion with half of the treatment delivered along the long axis to the tendon, with the other half delivered transverse to the tendon while covering the anterior, lateral and posterior aspects of the lateral epicondyle.

								
							

							
									
									HPLT provided faster reductions in pain and return of strength and function than sham treatment, with improvement continuing up to 1 year post-treatment.

								
							

						
					

				

			

			Suggested Treatment Protocols per elbow indication - Chattanooga HPL-15 and HPL-7

			
				
					
						
							
							
							
							
							
							
							
							
						
						
							
									
									Epicondylitis lateralis

									Lateral epicondylitis or tennis elbow is an overuse tendinopathy often associated with racket sports. Repetitive overuse can cause micro-tears and inflammation in the proximal part of the forearm extensors at the level of their attachment to the lateral epicondyle.

									Laser therapy will help relieving pain and inflammation, and increased microvascularisation and oxygenation will enhance the body's natural ability to repair tendon and muscle damage. Treat the epicondyle area, slowly move the applicator around the whole elbow joint and the following muscles: brachioradialis, long and short radial extensor of wrist.

								
							

							
									
									Bio-stimulation

									[image: ]

								
									
									[image: ]

								
							

							
									
									Treatment Goal

								
									
									Emission mode

								
									
									Power

									HPL-15

									(HPL-7)

								
									
									Total Energy

								
									
									Treatment Time

									HPL-15

								
									
									Treatment Time

									HPL-7

								
									
									Application mode

								
							

							
									
									Analgesic

									Nerve roots

								
									
									[image: ]

								
									
									7W

								
									
									126J/pt

								
									
									1:00 min / point

								
									
									Circular over 

									Nerve roots

								
							

							
									
									Analgesic

									Pain/trigger Pts

								
									
									[image: ]

								
									
									7W

								
									
									378J/ 1-3pts

								
									
									3:00 min

								
									
									Circular over 

									pain points

								
							

							
									
									Anti-

									Inflammation

								
									
									[image: ]

								
									
									5W

								
									
									200J

								
									
									2:13 min

								
									
									Grid scan inflammation

									(red) zone 

								
							

							
									
									Biostimulation 

									Acute

								
									
									[image: ]

									Continuous

									I-50%

								
									
									5W

								
									
									3000J

								
									
									10:00 min

									20:00 min

								
									
									10:00 min

									20:00 min

								
									
									Grid scan total 

									(orange) zone

								
							

							
									
									Biostimulation 

									Chronic

								
									
									[image: ]

									Continuous

									I-50%

								
									
									7W

								
									
									4200J

								
									
									10:00 min

									20:00 min

								
									
									10:00 min

									20:00 min

								
									
									Grid scan total 

									(orange) zone

								
							

						
					

				

			

			
				
					
						
							
							
							
							
							
							
							
							
						
						
							
									
									Medial epicondylitis / Epitrochleitis 

									Medial epicondylitis or golfer’s / pitcher’s elbow is an overuse tendinopathy often associated with sports such as golf and throwing sports. Repetitive overuse can cause micro-tears and inflammation in the proximal part of the forearm flexors and pronators at the level of their attachment to the medial epicondyle.

									Laser therapy will help relieving pain and inflammation, and increased microvascularisation and oxygenation will enhance the body's natural ability to repair tendon and muscle damage. Treat the medial area of the elbow including the radial flexor, ulnar flexor of wrist and the long palmar muscle.
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									Elbow/olecranon bursitis 

									The olecranon bursa lies between the loose skin and the pointy bone at the back of the elbow called the olecranon. Normally, the olecranon bursa is flat. Trauma or prolonged pressure can cause irritation and/or inflammation of the bursa, as a consequence more fluid will accumulate in the bursa and bursitis will develop. Swelling and pain are the main symptoms.

									The main treatment goals of laser therapy will be pain relief and inflammation control.
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									Elbow fracture 

									The main treatment goals of laser therapy will be pain relief, increased vascularisation and edema management. Studies with low level laser have shown accelerated bone healing with laser therapy applied to the fracture site.
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			5. Wrist & Hand

			General Treatment Guidelines

			
					Localise the nerve root of the involved dermatome and identify the most painful spots or trigger points through clinical examination and palpation. You can treat those points with the circular technique in the stochastic mode.

					After treating the tender or trigger points, proceed to bio-stimulation treatment using the scanning technique over the orange area indicated on the image. 

					For biostimulation the continuous mode is recommended, except for acute inflammatory conditions or skin phototype ≥ 4, where interrupted or pulsed mode is advised.

					When treating an arthritic joint, always treat the entire circumference of the joint.

					If feasible laser treatment can be combined with passive range of motion exercises during part of application time.

					The position of the handpiece should be perpendicular to the target tissue at all times.

			

			Scientific studies using HPL

			
				
					
						
							
							
							
							
							
						
						
							
									
									Pain and electrophysiological parameters are improved by combined 830-1064 high-intensity LASER in symptomatic carpal tunnel syndrome versus Transcutaneous Electrical Nerve Stimulation. A randomized controlled study. 

									Casale R et al. Eur J Phys Rehabil Med. 2013 Apr;49(2):205-11

								
							

							
									
									Design

								
									
									Total Dose

								
									
									E-density

								
									
									Surface

								
									
									Protocol

								
							

							
									
									- RCT – 20 patients

									- 100s HPLT

									- 30min TENS 100Hz

								
									
									2500 J

								
									
									250J/cm²

								
									
									10 cm² 

									(spot size 1 cm² over 10 cm)

								
									
									Median nerve scanning

									15 sessions (5x/week)

								
							

							
									
									The probe was carefully moved along the course of the median nerve for 10cm.

								
							

							
									
									HPLT provided significant improvement of pain, median nerve distal motor latency and sensory nerve conduction velocity. The improvements were greater than with TENS treatment.

								
							

						
					

				

			

			Suggested Treatment Protocols per hand/wrist indication - Chattanooga HPL-15 and HPL-7

			
				
					
						
							
							
							
							
							
							
							
							
						
						
							
									
									Arthrosis / arthritis 

									Osteoarthritis can develop due to normal "wear-and-tear" in the wrist and hand. Pain and stiffness are common symptoms of arthritis, and when these occur in the wrist and hand, simple daily activities can become more difficult.

									Rheumatoid arthritis is an autoimmune disease and often starts in smaller joints, such as those found in the hand and wrist. RA often affects the joint between the radius and ulna. The deformity in the ulna can cause wearing and possible rupture of the tendons of the finger extensors. This can cause more deformity and loss of function in the hand.

									Laser therapy will help relieving pain, inflammation and stiffness, and will promote a beneficial environment for healing and regeneration. Application on forearm, wrist and hand, taking particular care of scaphoid in phase 3.
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									Tendinitis 

									Wrist tendonitis or wrist tendinopathy is inflammation or more likely degeneration of any of the flexor or extensor tendons which cross the wrist joint. Symptoms of wrist tendonitis include pain in the wrist along with stiffness in the mornings. The wrist will be tender when pressing over the injured tendon. Swelling may be visible over the painful tendon and crepitus may be felt when moving the wrist. Wrist tendonitis is an overuse condition which occurs due to repetitive strain or friction of the tendon. Activities which require repetitive wrist movements are most likely to contribute to the development of wrist tendonitis which is a form of repetitive strain injury. Laser therapy will help relieving pain, swelling and inflammation, and increased microvascularisation and oxygenation will enhance the body's natural ability to repair tendon damage.
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									Carpal tunnel syndrome 

									Carpal tunnel syndrome is a hand and arm condition resulting from compression of the median nerve as it travels through the wrist at the carpal tunnel. Bound by bones and ligaments, the carpal tunnel is a narrow passageway located on the palm side of the wrist. The main symptoms are pain, numbness, and tingling, in the thumb, index finger, middle finger, and the thumb side of the ring fingers. Pain may extend up the arm and weak grip strength may occur.

									In vitro and animal studies have shown laser therapy promotes nerve repair. The main treatment goals of laser therapy in CTS are pain relief, inflammation control and nerve regeneration. In phase 3 slowly move the applicator on the median nerve area, in front of the transverse carpal ligament, then the anterior region of forearm.
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									Fracture 

									The main treatment goals of laser therapy are pain relief, increased vascularisation and edema management. Studies with low level laser have shown accelerated bone healing with laser therapy applied to the fracture site.
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			6. Groin

			General Treatment Guidelines

			
					Localise the nerve root of the involved dermatome and identify the most painful spots or trigger points through clinical examination and palpation. You can treat those points with the circular technique in the stochastic mode.

					After treating the tender or trigger points, proceed to bio-stimulation treatment using the scanning technique over the orange area indicated on the image.

					For biostimulation the continuous mode is recommended, except for acute inflammatory conditions or skin phototype ≥ 4, where interrupted or pulsed mode is advised. 

					The position of the handpiece should be perpendicular to the target tissue at all times.

					When treating the groin or proximal hip adductor area, be careful with the femoral artery and the pelvic innervation.

			

			Suggested Treatment Protocols groin pain - Chattanooga HPL-15 and HPL-7

			
				
					
						
							
							
							
							
							
							
							
						
						
							
									
									Groin pain 

									The most common cause of groin pain is muscle, tendon or ligament strain, particularly in athletes who play sports such as hockey, football. Groin pain may occur immediately after an injury, or pain may come on gradually over a period of weeks or even months. Groin pain may be worsened by continued use of the injured area. Laser therapy will help relieving pain and inflammation, and increased microvascularisation and oxygenation will enhance the body's natural ability to repair tendon and muscle damage. Slowly move the applicator mainly in Scarpa's triangle on the thigh adductor muscles in phase 3.
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			7. Hip

			General Treatment Guidelines

			
					Localise the nerve root of the involved dermatome and identify the most painful spots or trigger points through clinical examination and palpation. You can treat those points with the circular technique in the stochastic mode.

					After treating the tender or trigger points, proceed to bio-stimulation treatment using the scanning technique over the orange area indicated on the image. 

					When treating an arthritic joint, always treat the entire circumference of the joint to the extent possible.

					If feasible laser treatment can be combined with passive range of motion exercises during part of application time.

					The position of the handpiece should be perpendicular to the target tissue at all times.

			

			Suggested Treatment Protocols per hip indication - Chattanooga HPL-15 and HPL-7

			
				
					
						
							
							
							
							
							
							
							
							
						
						
							
									
									Coxarthrosis / arthritis 

									Osteoarthritis of the hip results in pain, stiffness, decreased range of motion, and joint deformity. The symptoms of osteoarthritis can affect one’s ability to walk, work, or even enjoy leisure activities. Degenerative (wear-and-tear) OA is the most common form of hip arthritis, although the hip joint can also be involved in RA.

									Laser therapy will help relieving pain, inflammation and stiffness, and will promote a beneficial environment for healing and regeneration. In case of larger muscle or fat mass, applying light pressure to the handpiece will reduce the optical path.
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									Piriformis syndrome 

									Piriformis syndrome symptoms consist of tenderness or pain in the buttock muscle which may radiate down the back of the leg into the hamstring muscles and sometimes even the calf muscles. It is due to the sciatic nerve being impinged by a tight piriformis muscle deep in the buttocks. The piriformis muscle is one of the small muscles deep in the buttocks that rotates the leg outwards. It is usually overuse which causes the pirofirmis muscle to go into spasm resulting in pressure on the sciatic nerve.

									HPL therapy will be able to penetrate into the deeper buttock layers. Laser therapy will help relieving pain, and the deep heating effect will contribute to relaxation of the m. piriformis. In case of of larger muscle or fat mass, applying light pressure to the handpiece will reduce the optical path.
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									Sciatica 

									Sciatica refers to pain that radiates along the path of the sciatic nerve, which branches from the lower back through the hips and buttocks and down the legs. Sciatica most commonly occurs when part of the nerve is compressed by a herniated disk, bone spur on the spine spinal stenosis. This causes inflammation, pain and often some numbness in the affected leg.

									Laser therapy will help controlling pain and inflammation, and will promote a beneficial environment for nerve recovery. HPL allows for treating a large surface within a reasonable amount of time.
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			8. Thigh

			General Treatment Guidelines

			
					Localise the nerve root of the involved dermatome and identify the most painful spots or trigger points through clinical examination and palpation. You can treat those points with the circular technique in the stochastic mode.

					After treating the tender or trigger points, proceed to bio-stimulation treatment using the scanning technique over the orange area indicated on the image. 

					The position of the handpiece should be perpendicular to the target tissue at all times.

			

			Suggested Treatment Protocols contracture - Chattanooga HPL-15 and HPL-7

			
				
					
						
							
							
							
							
							
							
							
							
						
						
							
									
									Hamstring contracture 

									A muscle contracture is a permanent shortening of a muscle, usually in response to prolonged hypertonic status or spasticity in a concentrated muscle area.

									Laser therapy will help relieving pain, and the heating effect will contribute to muscle relaxation.

									HPL therapy will be able to penetrate into the deeper hamstring layers and allows for treating a larger surface within a reasonable amount of time.
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			9. Knee

			General Treatment Guidelines

			
					Localise the nerve root of the involved dermatome and identify the most painful spots or trigger points through clinical examination and palpation. You can treat those points with the circular technique in the stochastic mode.

					After treating the tender or trigger points, proceed to bio-stimulation treatment using the scanning technique over the orange area indicated on the image. 

					When treating an arthritic joint, always treat the entire circumference of the joint with at least 60% of the treatment applied to the compartment that is most affected.

					If feasible laser treatment can be combined with passive range of motion exercises during part of application time.

					The position of the handpiece should be perpendicular to the target tissue at all times.

			

			Scientific studies using HPL

			
				
					
						
							
							
							
							
							
						
						
							
									
									Analgesic effect of high intensity laser therapy in knee osteoarthritis. 

									Stiglić-Rogoznica N et al. Coll Antropol. 2011 Sep;35 Suppl 2:183-5

								
							

							
									
									Design

								
									
									Total Dose

								
									
									E-density

								
									
									Surface

								
									
									Protocol

								
							

							
									
									Cohort study – 96 patients (KL grade 2-3)

									Repeated measures

								
									
									No details mentioned

								
									
									10 sessions (5x/week)

								
							

							
									
									The authors did not report on the treatment protocol and parameters

								
							

							
									
									HPLT produced reported significant improvement of pain VAS score (60% decrease).

								
							

						
					

				

			

			
				
					
						
							
							
							
							
							
						
						
							
									
									Efficacy of pulsed high-intensity laser therapy on pain, functional capacity, and gait in children with haemophilic arthropathy. 

									El-Shamy SM et al. Disabil Rehabil. 2016 Dec 15:1-7. [Epub ahead of print]

								
							

							
									
									Design

								
									
									Total Dose

								
									
									E-density

								
									
									Surface

								
									
									Protocol

								
							

							
									
									RCT – 30 children

									- HPLT + PT

									- Placebo + PT

								
									
									Ph 1: 400J/knee

									Ph 2: 150J/knee

									Ph 3: 200J/knee

									Total 1500J (750J per knee)

								
									
									Not specified

								
									
									Ph 1: fast scanning

									Ph 2: 10 points, 14s/pt 

									Ph 3: slow scanning

									36 sessions (3x/week)

								
							

							
									
									The hand piece was positioned in contact and perpendicularly while the child was in a supine lying position with the knee flexed at 30° to open the joint. Scanning was performed in transverse and longitudinal directions in the anterior, medial, and lateral aspects of the knee joint with an emphasis on the application on the joint line between the tibial and femoral epicondyles.

									The intermediate phase applied the hand piece to total 10 points (3 points in medial aspect of the knee, 2 points in the lateral aspect of the knee, 3 points above the patella, and 2 points below the patella).

								
							

							
									
									Children in the laser group showed significant improvement in pain, functional capacity, and gait parameters compared to those in the placebo group.

								
							

						
					

				

			

			Suggested Treatment Protocols per knee indication - Chattanooga HPL-15 and HPL-7

			
				
					
						
							
							
							
							
							
							
							
							
						
						
							
									
									Gonarthrosis / arthritis 

									Knee osteoarthritis, the most common type of osteoarthritis, is associated with pain and inflammation of the joint and capsule, impaired muscular stabilization, reduced range of motion and functional disability. Limitation of joint motion is usually related to osteophyte formation, severe cartilage loss or periarticular muscle spasm and contracture.

									Laser therapy will help relieving pain, inflammation and stiffness, and will promote a beneficial environment for healing and regeneration. Phase 3 (biostimulation) consist of scanning over the knee joint line, circular application around the kneecap with the knee bent at a 60° angle, and scanning the popliteal fossa with the knee bent at a 30° angle in phase 3.
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									Tendinitis 

									Patellar tendinitis/tendinopathy, also known as jumper's knee, is a relatively common cause of pain in the inferior patellar region in athletes who are involved in jumping sports such as basketball and volleyball. It is an overuse injury from repetitive overloading of the patellar tendon. The stress results in microtears in the tendon, which the body attempts to repair but as the tears in the tendon multiply, they exceed the body's healing mechanism and they cause anterior knee pain, inflammation and weakening of the tendon. 

									Laser therapy will help relieving pain and inflammation, and increased microvascularisation and oxygenation will enhance the body's natural ability to repair tendon damage.
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									ACL Reconstruction 

									Laser therapy will help relieving postoperative pain, swelling and inflammation. Increased microvascularisation and oxygenation will enhance the healing process of the repaired ligament.

									In early rehabilitation protocols, due to its analgetic and anti-inflammatory effect, laser therapy will help controlling pain and inflammation and thereby reduce patient discomfort during manual physical therapy. 

									In the biostimulation phase (ph.3) it is recommended to treat the ligament area with short pauses (20’’ of treatment, followed by a pause of 5’’).
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									Knee Bursitis 

									Knee bursitis is inflammation of a bursa located near the knee joint. Each of your knees has 11 bursae. While any of these bursae can become inflamed, knee bursitis most commonly occurs over the kneecap or on the inner side of the knee below the joint. Knee bursitis can be caused by: frequent and sustained pressure, such as from kneeling, a direct blow to the knee, bacterial infection of the bursa, complications from osteoarthritis, rheumatoid arthritis or gout.

									The main treatment goals of laser therapy will be pain relief and inflammation control.
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			10. Foot & Ankle

			General Treatment Guidelines

			
					Localise the nerve root of the involved dermatome and identify the most painful spots or trigger points through clinical examination and palpation. You can treat those points with the circular technique in the stochastic mode.

					After treating the tender or trigger points, proceed to bio-stimulation treatment using the scanning technique over the orange area indicated on the image. 

					When treating an arthritic joint, always treat the entire circumference of the joint to the extent possible.

					If feasible laser treatment can be combined with passive range of motion exercises during part of application time.

					The position of the handpiece should be perpendicular to the target tissue at all times.

			

			Scientific studies using HPL

			
				
					
						
							
							
							
							
							
						
						
							
									
									High Power Laser for Treatment of Achilles Tendinosis - a Single Blind Randomized Placebo Controlled Clinical Study.  

									Mårdh A. J Lasers Med Sci. 2016 Spring;7(2):92-8

								
							

							
									
									Design

								
									
									Total Dose

								
									
									E-density

								
									
									Surface

								
									
									Protocol

								
							

							
									
									RCT – 40 patients

									- HPLT

									- Placebo

								
									
									Ph 1:  170 J

									Ph 2:  350 J

									Total: 520J

								
									
									Ph 1 : 22J/cm²

									Ph 2 : 45J/cm²

								
									
									10 points x 0.78cm²

								
									
									- 5 points per side along tendon, 2x/session (Ph. 1 & 2).

									- Total 6 sessions (2x/week)

								
							

							
									
									The HPLT was delivered with skin contact and slight pressure on 5 points per side over the painful area, which was repeated twice each session.

								
							

							
									
									HPLT provided significantly better pain relief than placebo.

								
							

						
					

				

			

			Suggested Treatment Protocols per Foot & Ankle indication - Chattanooga HPL-15 and HPL-7

			
				
					
						
							
							
							
							
							
							
							
							
						
						
							
									
									Ankle Sprain 

									An ankle sprain occurs when the strong ligaments that support the ankle stretch beyond their limits and tear. Without proper treatment and rehabilitation, a more severe sprain can weaken the ankle—making re-injury more likely. Repeated ankle sprains can lead to long-term problems, including chronic ankle pain, arthritis, and ongoing instability.

									Laser therapy will help decreasing pain and edema, and increased microvascularisation and oxygenation will enhance the body's natural ability to repair ligament damage.
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									Achilles tendonitis 

									Although the Achilles tendon can withstand great stresses from running and jumping, it is also prone to tendinitis, a condition associated with overuse and degeneration. Achilles tendinitis most commonly occurs in runners who have suddenly increased the intensity or duration of their runs. It's also common in middle-aged people who play sports, such as tennis or basketball, only on the weekends.

									There are two types of Achilles tendinitis, based upon which part of the tendon is inflamed. In noninsertional Achilles tendinitis, fibers in the middle portion of the tendon have begun to break down with tiny tears (degenerate), swell, and thicken. Insertional Achilles tendinitis involves the lower portion of the heel, where the tendon inserts to the heel bone. In both noninsertional and insertional Achilles tendinitis, damaged tendon fibers may also calcify. Bone spurs often form with insertional Achilles tendinitis. 

									Common symptoms of Achilles tendinitis include pain and swelling which get worse with activity, and thickening of the tendon.

									Laser therapy will help relieving pain and inflammation, and increased microvascularisation and oxygenation will enhance the body's natural ability to repair tendon damage.
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									Fracture 

									The main treatment goals of laser therapy are pain relief, increased vascularisation and edema management. Studies with low level laser have shown accelerated bone healing with laser therapy applied to the fracture site.
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									Plantar Fasciitis 

									The plantar fascia is the thick connective tissue (aponeurosis) which supports the arch on the plantar side of the foot. It runs from the tuberosity of the calcaneus forward to the heads of the metatarsal bones. Plantar fasciitis typically causes a stabbing pain in the bottom of the foot near the heel. The pain is usually the worst with the first few steps after awakening, although it can also be triggered by long periods of standing or rising from sitting. The pain is usually worse after exercise, not during it. Under normal circumstances, the plantar fascia acts like a shock-absorbing bowstring, supporting the arch in the foot. If tension and stress on that bowstring become too great, small tears can arise in the fascia. Repetitive stretching and tearing can cause the fascia to become irritated or inflamed, though in many cases of plantar fasciitis, the cause isn't clear.

									Laser therapy will help relieving pain and inflammation, and increased microvascularisation and oxygenation will enhance the body's natural ability to repair fascia damage.

									Apply laser therapy to the entire plantar surface of the foot, and also including the Achilles Tendon, the insertion of m. peroneus brevis and longus tendons. Manually place the ankle and metatarsals through a gentle range of motion during part of the therapy.

								
							

							
									
									Bio-stimulation

									[image: ]

								
									
									[image: ]

								
							

							
									
									Treatment Goal

								
									
									Emission mode

								
									
									Power

									HPL-15

									(HPL-7)

								
									
									Total Energy

								
									
									Treatment Time

									HPL-15

								
									
									Treatment Time

									HPL-7

								
									
									Application mode

								
							

							
									
									Analgesic

									Nerve roots

								
									
									[image: ]

								
									
									7W

								
									
									126J/pt

								
									
									1:00 min / point

								
									
									Circular over 

									Nerve roots

								
							

							
									
									Analgesic

									Pain/trigger Pts

								
									
									[image: ]

								
									
									7W

								
									
									378J/ 1-3pts

								
									
									3:00 min

								
									
									Circular over 

									pain points

								
							

							
									
									Anti-

									Inflammation

								
									
									[image: ]

								
									
									5W

								
									
									200J

								
									
									2:13 min

								
									
									Grid scan inflammation

									(red) zone 

								
							

							
									
									Biostimulation 

									Acute

								
									
									[image: ]

									Continuous

									I-50%

								
									
									7W

								
									
									3500J

								
									
									8:20 min

									16:40 min

								
									
									08:20 min

									16:40 min

								
									
									Grid scan total 

									(orange) zone

								
							

							
									
									Biostimulation 

									Chronic

								
									
									[image: ]

									Continuous

									I-50%

								
									
									10W

									(7W)

								
									
									4800J

								
									
									08:00 min

									16:00 min

								
									
									11:26 min

									22:52 min

								
									
									Grid scan total 

									(orange) zone

								
							

						
					

				

			

			11. Head & Face

			General Treatment Guidelines

			
					Localise the nerve root of the involved dermatome and identify the most painful spots or trigger points through clinical examination and palpation. You can treat those points with the circular technique in the stochastic mode.

					After treating the tender or trigger points, proceed to bio-stimulation treatment using the scanning technique over the affected area. 

					Eye protection is essential when administering laser therapy to structures of the face and head! Avoid pointing the laser beam in the direction of the eye at all times and advise patients to avoid looking into the applicator!

					The position of the handpiece should be perpendicular to the target tissue at all times.

			

			Bell’s Palsy

			Scientific study using HPL

			
				
					
						
							
							
							
							
							
						
						
							
									
									Efficacy of high and low level laser therapy in the treatment of Bell's palsy: A randomized double blind placebo-controlled trial.

									Alayat MS et al. Lasers Med Sci. 2014 Jan;29(1):335-42.

								
							

							
									
									Design

								
									
									Total Dose

								
									
									E-density

								
									
									Surface

								
									
									Protocol

								
							

							
									
									RCT – 48 patients

									- HPLT

									- LLLT

									- Exercise 

								
									
									8x10J=80J

								
									
									10J/cm²

								
									
									1cm²/point

								
									
									- 8 points affected side

									- 10J/7sec per point

									- 18 sessions (3x/week)

								
							

							
									
									HILT was applied with contact and perpendicular to the superficial roots of the facial nerve of the affected side.

								
									
									[image: ]

								
							

							
									
									HPLT provided greater improvement in facial disability scale (FDI, measuring facial neuromuscular dysfunction) and House-Brackmann scale (HBS, measuring grade of paralysis) than LLLT and exercise therapy.

								
							

						
					

				

			

			Suggested Treatment Protocol Bell’s Palsy

			
				
					
						
							
							
							
							
							
							
							
						
						
							
									
									Bell’s palsy 

									Bell's palsy is a type of facial paralysis that results in an inability to control the facial muscles on the affected side. Bell's palsy occurs due to a malfunction of the facial nerve (VII cranial nerve). Symptoms can vary from mild to severe. They may include muscle twitching, weakness, or total loss of the ability to move one or rarely both sides of the face. It is thought that as a result of inflammation of the facial nerve, pressure is produced on the nerve where it exits the skull within its bony canal (the stylomastoid foramen), blocking the transmission of neural signals or damaging the nerve. 

									Laser therapy should be applied along the course of the facial nerve, by scanning the nerve branches or by irradiating points along the nerve path. The main treatment goals of laser therapy are increasing microvascularisation for biostimulation and nerve recovery, and inflammation control.
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			Temporomandibular Disorder (TMD)

			Scientific study using LLLT

			
				
					
						
							
							
							
							
							
						
						
							
									
									Efficacy of low-level laser therapy in the treatment of TMDs: a meta-analysis of 14 randomised controlled trials.

									Chen J et al. J Oral Rehabil. 2015 Apr;42(4):291-9.

								
							

							
									
									Design

								
									
									Total Dose

								
									
									E-density

								
									
									Surface

								
									
									Protocol

								
							

							
									
									Systematic review with Meta-analysis

									- 14 RCTs

									- 454 patients

								
									
									
									Varying between 1.5 and 112.5 J/cm²

								
									
									
									- Average 10 sessions

								
							

							
									
									Despite the great heterogeneity between the studies regarding treatment protocol (parameters) and follow-up time, the meta-analysis was able to demonstrate LLLT provided significant better functional outcomes in terms of maximum active vertical opening, maximum passive vertical opening, protrusion excursion and right lateral excursion.

									LLLT with the parameters used in the included studies was slightly (but not significantly) better than placebo in reducing chronic TMD pain.

								
							

							
									
									LLLT can significantly improve the functional outcomes of patients with TMDs. 

								
							

						
					

				

			

			Suggested Treatment Protocol TMD

			TMD is an umbrella term covering pain and dysfunction of the muscles of mastication and the temporomandibular joints. The most important feature is pain (jaw and pre-auricular), followed by restricted mandibular movement, and noises from the temporomandibular joints (TMJ) during jaw movement. The symptoms can become chronic and difficult to manage. 

			HPL therapy provides pain relief and helps managing the inflammation process. The increased microvasculatisation will promote healing of the affected structures. The thermal effect will help decrease muscle tension.

			Laser therapy should be applied to the zygomatic arc, the TMJ and the mastication muscles.

			Published studies on the use of LLLT for TMD treatment show promising results. HPL will allow to reduce treatment time and/or to deliver more energy into the affected tissues favoring the biostimulation process.
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			12. Total Body

			Fibromyalgia

			Scientific study using HPL

			
				
					
						
							
							
							
							
							
						
						
							
									
									Effects of Class IV laser therapy on fibromyalgia impact and function in women with fibromyalgia.

									Panton L et al. J Altern Complement Med. 2013 May;19(5):445-52.

								
							

							
									
									Design

								
									
									Total Dose

								
									
									E-density

								
									
									Surface

								
									
									Protocol

								
							

							
									
									Systematic review with Meta-analysis

									- 14 RCTs

									- 454 patients

								
									
									600J/point

									Total 4200J

								
									
									10.63 J/cm²

								
									
									56.45 cm²/point

								
									
									- Grid scanning over 7 tender points

									- 8 sessions (2x/week)

								
							

							
									
									HPLT provided significantly greater improvement of pain, fibromyalgia impact score, function, upper body ROM than the placebo group.

								
							

						
					

				

			

			Definition

			Fibromyalgia is a long-term condition characterized by chronic pain and a variety of other symptoms, including sleep disturbance, chronic fatigue, morning stiffness, irritable bowel syndrome, anxiety, depression, mental fogginess, slowness of thought, decreased concentration, paresthesia, and pain upon moderate pressure at various tender points across the body.

			Diagnosis

			According to the American College of Rheumatology, the diagnosis of FM is widespread pain in at least three of the four body quadrants for at least 3 months and localized pain on palpation in at least 11 of 18 selected muscle–tendon junctions or tender points.

			Etiology

			The exact cause of fibromyalgia is unknown, but it's thought to be related to abnormal levels of certain chemicals in the brain and changes in the way the central nervous system (brain, spinal cord and nerves) processes pain messages carried around the body.

			Prognosis

			The prognosis for recovery in traditional medicine is generally poor.

			FM treatment with HPLT

			HPLT can help alleviating pain and tenderness and improve quality of life of the patients. Laser therapy should first be applied to the most painful areas or tender points. The following areas should be considered:

			- The base of the skull and cervical region

			- C5, C6, C7, T1 and m. trapezius and supraspinatus

			- M. pectoralis major region

			- The lateral and medial epicondyles of the humerus

			- The hips and knees

			If the painful areas are treated, there is a rapid alleviation of pain. Repeated treatment further reduces pain, and sessions can soon be held at longer intervals. The initial therapeutic dose should be lower than the usual therapeutic dose and can be increased as the patient responds and improves. Patients should be evaluated at 24 hours when therapy is initiated and as the dosages are increased.
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			Appendix I: Treatment Illustrations

			Spine
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			Trigger point treatment cervico-occipital muscles – stochastic mode
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			Analgesic nerve root treatment C0 C1 high cervicalgia – stochastic mode
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			Analgesic nerve root treatment C1 C2 – stochastic mode
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			Trigger point treatment m. trapezius superior – stochastic mode
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			Trigger point treatment m. levator scapulae – stochastic mode
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			Trigger point treatment m. trapezius inferior or m. latissimus dorsi – stochastic mode
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			Trigger point treatment m. latissimus dorsi – stochastic mode
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			Analgesic nerve root treatment T5 T6– stochastic mode
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			Analgesic treatment ribs – stochastic mode
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			Trigger point treatment posterior side costovertebral joint – stochastic mode
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			Analgesic nerve root treatment lumbalgia – stochastic mode
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			Analgesic nerve root treatment L5 S1– stochastic mode
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			Analgesic treatment L4 - stochastic mode
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			Biostimulation treatment lumbalgia – grid scanning
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			Trigger point treatment sacral or coccygeal pain – stochastic mode
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			Analgesic treatment sacro-iliacal joint – stochastic mode

			
				
					[image: ]
				

			

			Biostimulation treatment m. gluteus medius or crista iliaca – grid scanning
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			Biostimulation treatment crista iliaca – grid scanning
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			Biostimulation treatment m. tensor fascia lata - grid scanning
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			Trigger point treatment m. tensor fascia lata insertion in friction syndrome – stochastic mode
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			Trigger point treatment m. gluteus medius tendinopathy – stochastic mode
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			Trigger point treatment m. quadratus lumborum – stochastic mode
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			Trigger point treatment m. quadratus lumborum – stochastic mode
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			Analgesic treatment interapophyseal joints in lumbalgia - stochastic mode
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			Analgesic treatment interapophyseal joint L3 - stochastic mode

			Shoulder
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			Trigger point treatment m. levator scapulae - stochastic mode
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			Biostimulation treatment m. levator scapulae – grid scanning
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			Trigger point treatment m. trapezius superior - stochastic mode
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			Trigger point treatment m. supraspinatus - stochastic mode
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			Trigger point treatment m. infraspinatus - stochastic mode
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			Trigger point or analgesic treatment m. supraspinatus enthesis - stochastic mode
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			Biostimulation arcromioclavicular or subacromial bursitis – grid scanning
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			Biostimulation treatment subacromial bursitis – grid scanning
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			Analgesic treatment m. supraspinatus insertion tendinopathy – stochastic mode
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			Trigger point treatment m. deltoideus pars anterior - stochastic mode
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			Biostimulation treatment m. pectoralis minor - grid scanning
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			Trigger point treatment tuberositas deltoidea in shoulder pathologies (PSH, tendinopathies, capsulitis, frozen shoulder) – stochastic mode
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			Analgesic treatment sternoclavicular pain - stochastic mode

			Elbow
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			Biostimulation treatment enthesis lateral epicondylalgia – grid scanning
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			Trigger point treatment lateral epicondylalgia - stochastic mode

			
				
					[image: ]
				

			

			Trigger point treatment lateral epicondylalgia - stochastic mode
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			Trigger point treatment (forearm) lateral epicondylalgia - stochastic mode
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			Biostimulation treatment lateral epicondylalgia - grid scanning
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			Trigger point treatment medial epicondylalgia - stochastic mode
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			Biostimulation treatment medial epicondylalgia - grid scanning

			Wrist - Hand
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			Trigger point treatment carpal tunnel syndrome or medial epicondylalgia - stochastic mode
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			Biostimulation treatment carpal tunnel syndrome – grid scanning
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			Biostimulation or anti-inflammatory treatment De Quervain tendinopathy - grid scanning
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			Biostimulation treatment dorsal side carpal tunnel syndrome or wrist sprain - grid scanning
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			Biostimulation treatment ulnar tendinopathy / conflict - grid scanning
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			Anti-inflammatory treatment finger arthropathy – pulsed mode
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			Biostimulation treatment carpal tunnel syndrome - grid scanning
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			Trigger point treatment thumb rhizarthrosis - stochastic mode

			Knee - Thigh
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			Trigger point treatment hamstrings – stochastic mode
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			Biostimulation treatment myotendinous injury m. semimembranosus – grid scanning
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			Trigger point treatment myotendinous junction m. tensor fascia lata – stochastic mode
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			Biostimulation treatment m. tensor fascia lata in friction syndrome - grid scanning
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			Trigger point treatment iliotibial band syndrome – stochastic mode
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			Trigger point treatment iliotibial band syndrome – stochastic mode
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			Gerdy tubercle treatment in friction syndrome
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			Analgesic treatment MCL (on the 3 marked points) – stochastic mode
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			Biostimulation treatment MCL - grid scanning
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			Trigger point treatment adductor muscles in MCL/ACL sprain – stochastic mode
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			Trigger point treatment MCL proximal insertion – stochastic mode
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			Trigger point treatment MCL distal insertion – stochastic mode

			
				
					[image: ]
				

			

			Biostimulation treatment gonalgia – grid scanning
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			Anatomic marking of the knee for laser treatment
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			Trigger point treatment enthesis patellar tendon - stochastic mode
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			Analgesic circular treatment patellar tendon injury – stochastic mode
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			Biostimulation treatment patellar tendon – grid scanning
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			Biostimulation treatment Hoffa fatpad or knee tendinopathy - grid scanning
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			Trigger point treatment jumper’s knee – stochastic mode
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			Trigger point treatment Medial Tibial Stress Syndrome / periostitis – stochastic mode
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			Biostimulation treatment Medial Tibial Stress Syndrome / periostitis - grid scanning
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			Biostimulation treatment Medial Tibial Stress Syndrome – inferior posteromedial part

			Foot - Ankle
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			Trigger point treatment m. tibialis posterior – stochastic mode
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			Biostimulation treatment m. tibialis posterior tendinopathy - grid scanning
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			Biostimulation treatment m. tibialis posterior tendinopathy - grid scanning
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			Anti-inflammatory treatment anterior joint capsule of the ankle
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			Analgesic treatment os naviculare – stochastic mode
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			Biostimulation treatment m. tibialis anterior tendinopathy - grid scanning
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			Analgesic / biostimulation treatment tibiofibular syndesmosis
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			Biostimulation treatment anterior talofibular ligament healing
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			Biostimulation treatment calcaneofibular ligament healing
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			Analgesic / biostimulation treatment retinaculum fibularis in ankle sprain
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			Analgesic treatment m. peroneus longus tendon origin in ankle sprain – stochastic mode

			
				
					[image: ]
				

			

			Trigger point treatment m. peroneus longus tendon in ankle sprain – stochastic mode
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			Analgesic treatment m. peroneus longus tendon in ankle sprain – stochastic mode
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			Analgesic treatment m. peroneus brevis tendon – stochastic mode
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			Analgesic treatment Achilles tendon insertion – stochastic mode
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			Biostimulation treatment Achilles tendon insertion – grid scanning
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			Biostimulation treatment Achilles tendon insertion – grid scanning
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			Biostimulation treatment midportion Achilles tendinopathy - grid scanning
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			Trigger point treatment m. gastrocnemius in Achilles tendinopathy - stochastic mode
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			Trigger point treatment medial m. gastrocnemius - stochastic mode
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			Analgesic treatment myofascial pain m. triceps surae – stochastic mode
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			Biostimulation treatment m. triceps surae – grid scanning
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			Trigger point treatment m. tibialis posterior – stochastic mode
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			Biostimulation treatment plantar fascia – grid scanning
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			Biostimulation treatment plantar aponeurosis – grid scanning
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			Analgesic / biostimulation treatment hallux valgus
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			Analgesic treatment Morton syndrome and metatarsalgia - stochastic mode

		

	
		
			Appendix II: Dermatomes

			A dermatome is an area of skin that is mainly supplied by a single spinal nerve. There are 8 cervical nerves (C1 being an exception with no dermatome), 12 thoracic nerves, 5 lumbar nerves and 5 sacral nerves. The dorsal ramus of each of these nerves relays sensation (including pain) from a particular region of skin to the brain.
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			Spinal nerve roots anatomy
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			Major dermatomes and cutaneous nerves - anterior view.

			(Häggström, Mikael (2014). "Medical gallery of Mikael Häggström 2014". WikiJournal of Medicine 1 (2). DOI:10.15347/wjm/2014.008. ISSN 2002-4436. Public Domain
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			Major dermatomes and cutaneous nerves - posterior view.

			(Häggström, Mikael (2014). "Medical gallery of Mikael Häggström 2014". WikiJournal of Medicine 1 (2). DOI:10.15347/wjm/2014.008. ISSN 2002-4436. Public Domain
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			Segmental distribution of the cutaneous nerves of the right upper extremity. (Henry Vandyke Carter - Henry Gray (1918) Anatomy of the Human Body. Public domain.)
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			Segmental distribution of the cutaneous nerves of the right lower extremity. (Henry Vandyke Carter - Henry Gray (1918) Anatomy of the Human Body. Public domain.)
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			Segmental distribution of the cutaneous nerves of the right foot. (Henry Vandyke Carter - Henry Gray (1918) Anatomy of the Human Body. Public domain.)

		

	
		
			Appendix III: Trigger Point Treatment 

			I. Introduction - What are Trigger Points?

			Definition

			The term "trigger point" was coined in 1942 by Dr. Janet Travell to describe a clinical finding with the following characteristics:

			
					Pain related to a discrete, irritable point in skeletal muscle or fascia, not caused by acute local trauma, inflammation, degeneration, neoplasm or infection.

					The painful point can be felt as a nodule or band in the muscle, and a twitch response can be elicited on stimulation of the trigger point.

					Palpation of the trigger point reproduces the patient's complaint of pain, and the pain radiates in a distribution typical of the specific muscle harboring the trigger point.

					The pain cannot be explained by findings on neurological examination.

			

			Myofascial pain syndrome

			Myofascial pain syndrome (MPS), also known as chronic myofascial pain (CMP), is a syndrome characterized by chronic pain in multiple myofascial trigger points ("knots") and fascial (connective tissue) constrictions.

			Pathophysiology

			Activation of trigger points may be caused by a number of factors, including acute or chronic muscle overload, activation by other trigger points (key/satellite, primary/secondary), disease, psychological distress (via systemic inflammation), homeostatic imbalances, direct trauma to the region, collision trauma (such as a car crash which stresses many muscles and causes instant trigger points), radiculopathy, infections and health issues such as smoking.

			Trigger points form only in muscles. They form as a local contraction in a small number of muscle fibers in a larger muscle or muscle bundle. These in turn can pull on tendons and ligaments associated with the muscle and can cause pain deep within a joint where there are no muscles. The integrated hypothesis theory states that trigger points form from excessive release of acetylcholine which produces sustained depolarization of muscle fibers. Indeed, the trigger point has an abnormal biochemical composition with elevated concentrations of acetylcholine, noradrenaline and serotonin and a lower pH.[12] These sustained contractions of muscle sarcomeres compresses local blood supply restricting the energy needs of the local region. This crisis of energy produces sensitizing substances that interact with some nociceptive (pain) nerves traversing in the local region which in turn can produce localized pain within the muscle at the neuromuscular junction (Travell and Simons 1999). When trigger points are present in muscles there is often pain and weakness in the associated structures. These pain patterns in muscles follow specific nerve pathways and have been readily mapped to allow for identification of the causative pain factor. Many trigger points have pain patterns that overlap, and some create reciprocal cyclic relationships that need to be treated extensively to remove them.

			Treatment

			A successful treatment protocol relies on identifying trigger points, resolving them and, if all trigger points have been deactivated, elongating the structures affected along their natural range of motion and length.

			Multiple modalities can be used to deactivate trigger points, such as massage, ultrasound therapy, electrostimulation, laser therapy.

			Evidence

			Learn more about trigger point evidence on http://triggerpointtherapists.com/

			II. Trigger Point Map

			The following charts provide a guide for localizing trigger points. The trigger point locations are indicated by a black cross, while the red area shows the referred pain areas of that trigger point.

			All images have been provided by Life After Pain, New Zealand. www.lifeafterpain.com

			Interactive online "trigger point finder" charts can be accessed on www.triggerpointcharts.com 
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			3. Thoracal Spine & Thorax
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			4. Lumbar Spine & Abdomen
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			9. Knee & Lower Leg
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			10. Foot & Ankle
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