
Introduction
 LASER is an acronym that stands for light amplification by stim-
ulated emission of radiation. Laser therapy is the use of lasers in 
surgery and other medical or cosmetic treatment. It refers to a unit 
that emits focused, penetrating light beams in three forms. The first 
stage is monochromatic where light travel in a single wavelength (as  
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opposed to natural light, which is emitted as a range of wavelengths), 
whereas in Coherent, light form Photons (tiny particles of light or 
electromagnetic radiation) that travel in the same phase and direction 
and then in collimated stage, Photons that travel in a single straight 
beam. The coherence and collimation give the laser a penetrating 
power to a restricted area so that nearby tissues are unaffected [1-3].

 Lasers are created by activating electrons to an excited state. Once 
the electron moves from an excited state to its ground state, the release 
of photons occurs, and they form a beam of light. The light produced 
by a laser can be absorbed by tissues, creating both photothermal and 
photochemical reactions that create a therapeutic benefit [4,5]. Pho-
tobiomodulation (PBM) induced by laser therapy is the application 
of electromagnetic radiation within the near-infrared spectrum and is 
aimed at stimulating healing or analgesia within the target tissue [4]. 
The initial form for rehabilitation purposes used low-level laser thera-
py (LLLT) as opposed to the high power used in surgical lasers, which 
apply heat to cause thermal destruction of cells and tissues. Recently, 
new therapeutic lasers have been emerged to deliver more power than 
LLLT, but less power than surgical lasers [6-8]. 

 Lasers are classified based on their wavelength and potential en-
ergy output, into four classes. The first-class lasers are the safe type 
of lases that are commonly used in every day, such as barcode scan-
ners in supermarkets. The second-class lasers produce a beam in the 
visible spectrum (400-700 nanometers) which include laser pointers 
and some therapeutic lasers. The third-class lasers are therapeutic la-
sers that are commonly used in both veterinary and human medicine. 
Whereas the fourth class lasers cause thermal injury to tissues and 
include surgical lasers used to cut and cauterize tissue during surgical 
procedures [9].

 Laser therapy uses a strong beam of light to cut, burn, or de-
stroy tissue and it applied in diagnosis, rehabilitation, management 
of chronic conditions, pain control, and therapeutics including laser 
photodynamic therapy, photo-rejuvenation, and laser surgery [3,5]. 
Currently, laser therapy has been utilized for decades and has wide-
spread applications ranging from industry to both human and veter-
inary medicine [3-10]. There are various forms of lasers available in 
medicine including CO2 lasers (used to cut, vaporize, ablate, and pho-
to-coagulate soft tissue), diode lasers, dye lasers, excimer lasers, fiber 
lasers, gas lasers, free-electron lasers, and semiconductor diode lasers 
[11,12]. 

 Laser therapies are alternatives to traditional methods for the sur-
gical management of tumors. Complete surgical excision is still the 
most effective method for the treatment of skin and subcutaneous tis-
sue tumors in dogs. The carbon dioxide (CO2) laser appears to be an 
excellent surgical instrument for its universal properties in veterinary 
surgery, especially in soft tissue surgery since it has a wavelength 
(10.6 micrometers) that is highly absorbed by water contained in soft 
tissue [9]. 
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 Furthermore, laser therapy is being advocated for treatment of 
diverse conditions including skin wounds, tendon, and ligament in-
juries, edema, lick granulomas, canine mammary tumors, musculo-
skeletal pain, osteoarthritis, joint pain, and inflammation, neuropathic 
pain, otitis, dermatitis, chronic, or non-healing wounds and decubital 
ulcers [2,12]. For more than half a century, scientists have recognized 
the potential for photomedicine approaches to reduce inflammation, 
pain, and swelling, as well as to speed wound healing. More recent-
ly, medical researchers have uncovered additional benefits on serious 
conditions, such as myocardial infarction, spinal cord injury, traumat-
ic brain injury, and stroke. Additional applications include alleviation 
of pain, trigger point pathology, and joint dysfunction [3,13,14].

 Veterinary laser therapy is an innovative treatment that has gained 
popularity in recent years as veterinarians discover its benefits for 
different companion animals. Like acupuncture and massage, laser 
therapy can be used in conjunction with or in place of medication to 
manage pain, inflammation, muscle regeneration, and rehabilitation 
improves circulation and wound healing. It accomplishes this by al-
tering the physiology of cells and tissue using light (photons) instead 
of an acupuncture needle or manual pressure. Therefore, treatment 
effectiveness and the types of responses seen depend heavily on if and 
how light enters living tissue [14-16]. 

Principle of Laser Therapy
 Laser therapy has three broad effects on animal tissue: it decreases 
inflammation, decreases pain, and it accelerates healing. These effects 
of near-infrared laser light in tissue are best described through Photo-
biomodulation since some parts of the healing process are accelerated 
(organization and proliferation), while other parts are diminished (in-
flammation). The initial effect of near-infrared laser light is the stim-
ulation of the production of adenosine triphosphate (ATP), reactive 
oxygen species (ROS), and nitric oxide (NO) [5,17]. 

 In turn, these bioactive substances cause the cascade of effects for 
each of the three mechanisms of action involving inflammation, pain, 
and healing [18]. Further, these effects are not the result of heating 
or warming the tissue (photothermal). Instead, they are the result of 
a photo biochemical change skin to the events that occur with photo-
synthesis or vitamin D synthesis: biological changes in chemistry at 
the cellular level, caused by the light [19]. 

Therapeutic Dosing
 Formulation of the appropriate therapeutic dosing of laser thera-
py needs understanding the dose-dependent nature of tissue response 
to infrared light. Similar to dosing tissue with antibiotics (mg/kg) or 
radiation (J/kg = Gy), tissue must receive the appropriate target dose 
of light energy to manifest the effects of laser therapy. However, for 
laser therapy, the dosing is in joules per square centimeter (J/cm2). 
If suboptimal doses are administered, then the effects will also be 
sub-optimal, or may even not be apparent. Multiple current publica-
tions indicate that proper dosing for most superficial tissue is in the 
1-4 J/cm2 range [4] while dosing for most deep tissue is in the 8-20 J/
cm2 range [7,20].

 To facilitate delivering proper doses of laser therapy, power, wave-
length, and pulsing must be understood [14,21]. Doses are affected by 
tissue type, anatomic site, tissue depth, species, coat color and length, 
skin color, and body condition score [5,19]. Effective dosing intervals  

(again, just like with antibiotics or radiation therapy) are critical to 
achieving positive clinical outcomes. Factors such as patient prepara-
tion, application techniques, frequency of administration, and proper 
patient management are also essential for optimal results [17].

Laser basic

 Laser light has a specific property that helps to distinguish it from 
other light sources (sunlight) and it consists of a monochromatic, co-
herent, collimated light. Monochromatic is essentially when light is 
emitted from the unit, it is a single wavelength, unlike natural light, 
which is emitted at varying wavelengths. This property allows the 
production of light targeted for absorption by a specific tissue and 
specific use [21]. 

 Depending on the unit, several wavelength options may be avail-
able for different therapeutic uses. Coherence is characterized by 
photons that emerge from the unit and travel in the same phase and 
direction. Collimation describes light that is emitted from the unit and 
does not diverge. Coherence and collimation allow the laser to pene-
trate the skin, treating only a small area of the body, while minimiz-
ing/avoiding unwanted effects to other tissues, such as heating and/or 
damaging the skin [3,22]. 

 Laser light is monochromatic (one wavelength), coherent (all pho-
tons travel in the same phase and direction), and collimated (minimal 
divergence of the laser beam over a distance). These three properties 
allow the therapy laser light to be focused on a specific area of the 
body, to penetrate the skin without heating or damaging it, and to in-
teract with tissue with few side effects. The beam should be aimed at 
90° to the surface of the area being treated. Wavelength influences the 
depth of penetration, and longer wavelengths penetrate deeper into 
the tissues. The optimal wavelength range for tissue Photobiomodula-
tion appears to be 650nm to 1,300nm; at longer wavelengths, the laser 
beam penetrates deeper into tissue while minimizing absorption by 
the pet’s hair and skin pigment. Superficial wounds and joint injuries 
can be treated with shorter wavelengths, while longer wavelengths 
are better suited to treat muscle injuries [5,21].

 Tissues interact with lasers in varying ways, allowing light to be 
reflected, scattered, transmitted, or absorbed. Reflection of photons 
takes place at the epidermis; reflected photons not only lack clinical 
effect but can also be responsible for tissue damage (e.g. to the eyes 
and gonads). Scattering occurs once the photons penetrate the tissue. 
Each time the scattered photons strike an object outside the target 
tissue, the amount of photon energy is reduced. Transmitted photons 
also lack clinical effect because they pass through the tissue without 
being absorbed. The absorption of photons by the target tissue realiz-
es the therapeutic benefit of lasers [7,23,24]. 

 Photobiomodulation is a photochemical process in which photons 
from a laser source interact with the target cells via a non-thermal 
mechanism to cause either stimulation (upregulated) or inhibition 
(downregulated) of biochemical pathways. These lights are absorbed 
as photons (bundle of light) [9]. A chromophore is responsible for 
a molecule’s color and, in biologic molecules, undergoes a confor-
mational change when hit by light, such as a laser. This change in 
the chromophore excites cells and can alter, or speed up, cellular re-
actions. Commonly noted chromophores include hemoglobin, water, 
melanin, proteins, and amino acids. The thought process is that these 
compounds when exposed to laser light-cause alteration of cellular  
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functions, allowing increased healing and/or recruitment of secondary 
mediators to facilitate healing [21,25].

 Cytochrome C which is located in the mitochondria serves as an 
important photoreceptor. When laser light is absorbed by a chromo-
phore or cytochrome C, a biochemical change can occur that is mito-
chondrial respiration and ATP production increase, leading to global 
tissue effects. Besides, low-level laser therapy, low light therapy, or 
non-ablative laser therapy, and cold laser therapy (however, heat is 
produced during clinical treatments), have also been used and this 
treatment differs from more invasive laser surgical procedures. Sev-
eral in vitro studies have been performed on light’s effects on various 
types of cells such as increases in angiogenesis, neurite extension, 
normalization of ion channels, stabilization of the cellular membrane, 
and a host of other cellular changes have been investigated [2,11,26]. 

Power

 Power is a unit of time and is expressed in watts (W) or milliwatts 
(mW). One watt is one Joule of energy delivered per second, and 
the laser dose is typically expressed as Joules/cm2-the energy deliv-
ered over a surface area. The power of the therapeutic laser matters 
in terms of the dose delivered, and the time needed to deliver the 
treatment dose. The power density or intensity indicates the amount 
of power in a given surface area, while the spot size of the laser in-
dicates the surface area size that can be treated when the laser is held 
stationary [18,27].

 Lasers with larger spot areas have a more homogeneous passage 
of the photons with less scatter. The energy of the laser characterizes 
the power emitted over time, measured in joules. Frequently, energy 
density is used to report the dosage of the laser in joules per cm2 
(J/cm2). The most commonly used therapeutic lasers in veterinary 
medicine are Class III lasers, which may deliver energy from 1mw 
to 500mw, and Class IV lasers, which deliver power at greater than 
500mw [3,28,29].

Wavelength

 Laser light wavelength and frequency determine the way the la-
ser light interacts with its target tissue [30]. Wavelengths are typi-
cally measured in nanometers (nm). Wavelength is important when 
determining the biological effect of lasers on tissues. Tissues, such as 
melanin and proteins, absorb ultraviolet light (100-400 nm). Light on 
the other end of the spectrum (1400-10,000 nm) is absorbed by wa-
ter. Therefore, optimum wavelength ranges of 600 to 1200 nm which 
minimize scatter and maximize absorption are recommended for tis-
sue penetration [9,10,30].

 A lower watt laser provides less energy delivery to deeper tissues 
so the time needed to deliver treatment is longer. A lower power laser 
is better suited for treating superficial structures because of the lim-
ited power density to drive photons into the deeper tissues. A higher 
watt laser allows the treatment to be delivered over a shorter period 
and involves administering the laser energy with a sweeping motion 
over the affected area. This sweeping motion may provide more com-
plete coverage of the treatment area and may cover surrounding areas 
that could be causing secondary or referred pain. Pulsing of the laser 
beam may provide less heating of tissues at the surface while allowing 
for an adequate level of energy to reach the deeper target tissues, but 
more research is needed to define the optimal approach to a pulsed 
laser beam [14,21,27].

 The carbon dioxide (CO2) laser emits a coherent, collimated, and 
monochromatic beam of light at a wavelength of 10600 nm. Wave-
lengths of laser light are highly absorbed by water followed by he-
moglobin, melanin, and some proteins resulting in photothermal 
laser-tissue interaction. A high degree of absorption of CO2 laser 
light by water allows precise cutting of tissue via vaporization of the 
intra- and extracellular fluid and destruction of the cell membranes. 
The CO2 laser can seal and coagulate small blood vessels (up to 0.5 
mm), lymphatics, and nerve endings resulting in better visualization. 
Non-contact mode of excision with laser can reduce intraoperative 
wound contamination by tumor cells [13,21].

Continuous or pulsed emission of photons

 Photons can be emitted either continuously or by pulse. Continu-
ous emission implies that radiation is emitted at constant power for 
the entire duration of use. Pulsed therapy implies that radiation is de-
livered in cycles over the entire duration of use, with time spent one of 
2 ways: radiation emitted or no radiation emitted. Currently, there is a 
debate for the superiority of continuous versus pulsed therapy. Some 
have suggested that there is no difference, while others have shown 
that pulsed therapy may be more effective [17,29].

Laser classification

 Laser classification is based on wavelength and maximum output 
in power or energy and classified into four different classes. Accord-
ingly, Class I lasers are very mild and safe. They include lasers used 
in everyday life; for example, those used in equipment that implement 
bar code scanning, such as cash registers at the supermarket. Class II 
lasers are in the visible light spectrum (400-700 nm). Some therapeu-
tic lasers and laser pointers fall into this class. Damage can occur if 
the laser is directed into the eye for prolonged periods [18,28,31]. 

 Class III lasers include the commonly used therapeutic lasers. 
These lasers are further subdivided into Class IIIB lasers are either 
continuous in the visible to the infrared spectrum or pulsed in the 
visible light spectrum. Class IIIR lasers are continuous within the vis-
ible light spectrum and have less power than Class IIIB lasers. Class 
IV lasers are the strongest lasers, and mostly include surgical lasers. 
They can permanently damage the eyes or burn the skin [2,32].

Types of laser

 There are many types of lasers available for research, medical, 
industrial, and commercial uses (Table 1).

Mechanism of laser therapy

 The mechanism of action associated with photobiomodulation is 
often still questioned among scientists in the field. There are most 
likely several mechanisms of action depending on the target and the 
type of cell being modulated. Low-level laser therapy (LLLT), also 
known as photobiomodulation, is a painless treatment that uses clin-
ically tested wavelengths of light to stimulate natural biological pro-
cesses leading to faster healing and pain relief. Like plants absorbing 
sunlight through photosynthesis, cells in the body absorb laser energy 
that stimulates the body to release pain-relieving compounds, increas-
es circulation, and energizes the cells to participate in the healing pro-
cess. There are no side effects and many times laser therapy can take 
the place of pharmaceuticals and surgery to treat long-term, degener-
ative diseases [33,34].
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 The most published and recognized mechanism is that of the cy-
tochrome c system, which is found in the inner cell membrane in the 
mitochondria and acts as a photoreceptor. Cytochrome C absorbs 
light from 500 to 1100 nm due to the specific properties of this large 
molecule. After laser light is absorbed by cytochrome C, it is excited 
and breaks bonds with nitric oxide (NO). This action allows bonding 
with oxygen to become more prevalent and cytochrome c oxidase to 
be produced at an optimal rate. Cytochrome c oxidase is critical to 
the formation of ATP. ATP is essential for energy production in the 
cell and results in many favorable biologic responses or secondary 
mechanisms, including reduction of pain and inflammation, and tis-
sue healing [25,28]. 

 A few studies have noted light to interact with the mitochondria in 
cells through cytochrome c oxidase and to generate reactive oxygen 
species, notably the superoxide anion O2 and its stable product (after 
the addition of two protons) hydrogen peroxide, H2O2 [5]. In separate 
investigations, Burdon and Davies showed that a fairly small quan-
tity of H2O2, approximately 0.1μmol to 0.5 μmol/107 cells, yielded 
bio-stimulatory effects. Recent reports on the biphasic characteristic 
of near-infrared 1,552 nm pulsed pico-second low time-average in-
tensity radiation in suppressing the metabolic activity of the malig-
nant human glioblastoma. The cellular metabolic activities for several 
fluence exposures were measured through the MTS metabolic assay. 
The addition of the enzyme catalase in the growth medium before the  

laser exposure was found to partially block the laser-induced meta-
bolic suppression for the fluence values where maximum suppression 
was measured [5,17]. 

 In the absence of catalase treatment conditions, the cellular met-
abolic activities to go from the control/sham-exposed levels to inhi-
bition and back towards control levels. Whereas, in the presence of 
catalase (the effect of catalase is to scavenge hydrogen peroxide that 
permeated outside the cells) the reduction observed in the cellular 
metabolic activity is significantly mitigated, thus suggesting a func-
tional role of H2O2 [21,28] (Figure 1).

Application of laser therapy in veterinary practice

 Lasers therapy has been applied in different specialties procedures, 
practices, and devices. There appear to be many distinct benefits to 
using a therapeutic laser. These include angioplasty, cancer diagnosis, 
cancer treatment, dentistry, cosmetic dermatology such as scar revi-
sion, skin resurfacing, laser hair removal, tattoo removal, dermatolo-
gy, to treat melanoma, frenectomy, lithotripsy, laser mammography, 
medical imaging, microscopy, ophthalmology (includes Lasik and 
laser photocoagulation), optical coherence tomography, optogenetics, 
prostatectomy plastic surgery, in laser liposuction, and in treatment of 
skin lesions (congenital and acquired) and in scar management (burns 
and surgical scars), surgery, and to cut, ablate, and cauterize tissue 
[14,17]. 

 Moreover, laser light therapy can also be used in Neovascular-
ization, Angiogenesis, Collagen synthesis which enhances wound 
healing, Stimulation of nerve healing, Enhanced healing of tendons, 
cartilage, and bones, reduce swelling from an injury, Modulation of 
degenerative tissue changes, and Mitigation of CNS damage fol-
lowing traumatic brain injury and spinal cord injury [18]. The op-
timal wavelengths, intensities, and dosages for laser therapy in pets 
have not yet been adequately studied or determined, but this is sure 
to change as studies are designed and as more case-based informa-
tion is reported. To maximize laser penetration, the pet’s hair should 
be clipped. When treating traumatic, open wounds, the laser probe 
should not contact the tissue, and the dose often quoted is 2 J/cm2 to 8 
J/cm2 [3,4,13]. 

 During the application of laser beams, it is recommended to hold 
the laser perpendicular (90 degrees) to the skin surface to minimize 
the reflection of the laser. Moreover, to minimize the scattering effect  

Parameter Types of lasers

Based on the medium they used

Gas Lasers

Crystal Lasers

Semiconductors Lasers

Liquid Lasers

Based on the nature of emission

Continuous Wave

Single Pulsed Laser

Repetitively Pulsed or scanning lasers

Based on their wavelength

Visible Region

Infrared Region

Ultraviolet Region

Microwave Region

X-Ray Region

Based on different levels

2-level laser

3-level laser

4-level laser

Based on the mode of pumping

Optical

Chemical

Electric discharge

Electrical

Based on the sources

Dye Laser

Diode Laser

Holmium Laser

Excimer Laser

Ruby Laser

Argon Laser

Argon Laser

Table 1: List of different types of laser.

Source: https://ehs.oregonstate.edu/laser/training/laser-types-and-classification ac-
cessed on May 9, 2020.

Figure 1: Mechanism of laser therapy in tissue.
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of the laser beams, the lasers should be applied directly to the skin that 
helps the beams to pass deeper into the tissue. For this purpose, using 
lasers having wavelengths in the range of 600 to 1200 nm. Besides, 
using lasers with larger spot areas allows more homogeneous passage 
of photons, and greater treatment area with less scatter of the beams 
[14,21,35].

 When creating a treatment protocol for therapeutic laser, it is im-
portant to consider these effects to maximize patient outcomes. The 
actual time the tissue is exposed to light energy may also affect the 
outcome. Thus, proper application of laser therapy is not technically 
difficult, but it does require attention to be paid to basic technical 
principles, which can have profound effects on the success of treat-
ment of the targeted tissue or area. Often, a lack of attention to these 
details is responsible for suboptimal outcomes [3,25].

Reducing inflammation

 Laser energy increases the speed of tissue repair by increasing lo-
cal microcirculation as well as stimulating the immune system and 
reducing inflammation [21]. This is accomplished through a different 
mechanism. Among the possible mechanism of reducing pain are ATP 
production, stimulation of vasodilatation by induction of NO, reduc-
tion of interleukin-1, stabilization of cellular membranes, acceleration 
of leukocyte activity, decrease in prostaglandin, synthesis, lympho-
cyte response, angiogenesis, and superoxide dismutase (SOD) levels. 
All these actions may produce key elements that aid in the reduction 
of edema and inflammation [5,14,17,29]. 

Promoting healing

 The laser energy also enhances collagen and muscle tissue devel-
opment, which in turn enhances healing [36]. The traditional laser 
therapeutic studies showed that lasers have a wound-healing effect 
and the mechanisms of tissue healing are important for other injuries, 
such as tears and contusions of muscles, tendons, and ligaments, as 
many of the same mechanisms are needed to promote healing in all 
tissues. Besides, during laser treatment, physiological changes such 
as enhancing leukocyte infiltration [35], increased macrophage ac-
tivity, increased neovascularization, increased fibroblast proliferation, 
keratinocyte proliferation, early epithelialization, increased growth 
factors, and increasing the wound tensile strength are seen [30,32,37].

Pain management

 The therapeutic laser has been demonstrated to relieve both chron-
ic and acute pain by modulating peripheral nerve function and nerve 
conduction velocities [5,38]. The exact mechanisms remain unknown, 
but it is thought that laser therapy has the potential to influence pain 
perception by direct and indirect actions on superficial nociceptors 
and modulation of inflammation. Furthermore, repeated application 
of laser therapy may decrease central sensitization. Laser effects ap-
pear to be mainly inhibitory for pain receptors, and sensory nerves are 
more commonly affected. The superficial location of A-delta and C 
nerve fibers, along with neurons that supply the vasculature for vaso-
constriction and vasodilation, allows laser penetration [22,25]. 

 Several studies illustrate that photobiomodulation results in pain 
relief through various mechanisms. When laser interaction with cells, 
there will be increase in serotonin (5-HT) levels, increase in beta-en-
dorphins, whose reception reduces the sensation of pain, increase in 
NO, which has an effect on vasodilatation and may enhance oxygen  

delivery, decreases bradykinins; bradykinins normally induce pain 
sensation by stimulating nociceptive afferent nerves, normalization of 
ion channels block depolarization of C-fiber afferent nerves, increase 
nerve cell action potential, and improve axonal sprouting and nerve 
cell regeneration [10,13,23,39].

Lithotripsy in Dogs and Cats
 “Lith” means stone and “tripsis” means crushing, thus, lithotripsy 
refers to breaking stones into small fragments to pass without incision 
of any part of the body. It is an alternative to surgical removal of uri-
nary stone and it is less invasive. There are two types of lithotripsy: 
intracorporeal laser lithotripsy and extracorporeal shock wave litho-
tripsy. The gadget that breaks the stone or stones up is called a lith-
otriptor (also spelled lithotripter). With this technique, stones can be 
removed from the lower urinary tract (bladder and urethra). A specific 
type of laser called holmium: YAG laser, is used to break up the stone, 
and endoscopy is needed to get the laser right up to the stone where 
the patient’s tissues are not in the way [2,9]. 

 If the stones are in the urethra, disruption of the stone is easiest. 
If the stones are in the urinary bladder, matters become more com-
plicated. Issues that prevent success include the diameter of the ure-
thra, hemorrhage obscuring the view of the stone or hampering the 
laser’s contact with the stone, accidental damage to the bladder from 
the laser, and prolonged anesthesia time because it is taking so long to 
fragment the stone(s). Despite these potential problems, studies have 
reported 83-96% success (i.e. complete stone removal) in female dogs 
and 68-81% success in male dogs [14,17,22,39].

 If numerous stones are present, lithotripsy is not efficient and sur-
gery should be performed instead. Some facilities recommend against 
lithotripsy if the pet has more than five stones. If the stones are large 
it may not be time-efficient to use lithotripsy (some facilities recom-
mend against lithotripsy if there is more than one stone of a half-inch 
or more in diameter) [9,25,39].

Osteoarthritis

 The anti-inflammatory effects of laser therapy are considered to 
be due to reduced levels of PGE2 and COX-2.10 In rat osteoarthritis 
(OA) models, laser therapy (1) reduced edema within the joint by 
23%, (2) decreased vascular permeability in the periarticular tissue 
by 24%, and (3) decreased pain by 59%. Some subjective studies in 
humans with OA have shown (1) improved quality of life, (2) reduced 
pain, and (3) increased analgesic and microcirculatory effects [9,40]. 

 Therefore, it has been suggested that individual results may de-
pend on the type and extent of disease, wavelength, method of appli-
cation, dosage, site, duration of treatment, and tendon and ligament 
conditions. Treatment of osteoarthritis (OA) in dogs and cats using a 
therapeutic laser is commonly described. The laser dose that may be 
most appropriate in OA is 8 J/cm2 to 10 J/cm2 applied as part of a 
multi-modal arthritis treatment plan. Finally, tendonitis may benefit 
from laser therapy due to the inflammation associated with the condi-
tion [4,7,41,42].

 An experimental study in rats with calcaneal lesions treated with 
laser therapy revealed improved collagen organization in the treat-
ment group compared with the control group, with 5-day treatment 
providing an optimal response. In humans, results are conflicted, with 
about 50% of studies showing a positive effect and 50% showing no  
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effect. In human ligamentous injuries, laser therapy has shown im-
proved tensile strength and stiffness compared with controls [19,43].

Tumor or cancer treatment 

 The study performed on 38 privately-owned dogs to remove dif-
ferent types of skin tumors using CO2 laser techniques revealed dif-
ferent outputs. The treatment effect was based on the surgical wound 
evaluation, the relative time of healing, and possible local recurrence 
of the tumor after 3 months post-surgery. Local recurrence was ob-
served in two cases. The study showed that in 30 cases time needed 
for complete resection of lesions was less than 10 minutes. The time 
of healing was longer than 12 days in 6 cases (42.8%) with tumor 
excision and in 14 cases (87.5%) where excision with ablation tech-
nique was performed. In conclusion, the advantages of the CO2 laser 
surgery were better hemostasis, the precision of working, non-contact 
dissection, fewer instruments at the site of operation, and minimum 
traumatization of the surrounding tissues [13,44].

Application in Laser Surgery 
 Surgical and therapeutic use of lasers began in human medicine 
in the early 1960s. Over the last ten years, with rapid advancements 
in technology and equipment, veterinarians have been exploring the 
many potential advantages of lasers and veterinary patients were ben-
efited from these lasers. Because laser light energy can be applied 
directly to the target tissue or administered to distant lesions at a re-
mote site through fiberoptic components, laser surgery has become 
an invaluable and growing veterinary surgical resource. Unlike many 
medical technologies, the size, reliability, and portability of lasers 
have improved so rapidly that they are now both economically and 
practically feasible for the general and specialty veterinarian [9,11]. 

 Routine laser use in veterinary medicine stands poised to gain 
large-scale general acceptance for everyday routine and specialty 
procedures. When treating a post-operative incision, a dose of 1 J/cm2 
to 3 J/ cm2 per day for the first week after surgery is described. Lick 
granulomas may benefit from therapeutic laser once the source of the 
granuloma is identified and treated [14,45]. 

 Currently, the most efficient way to determine the dose and time is 
to use available treatment (Table 2).

Laser safety procedures

 There are some important safety considerations when incorporat-
ing therapeutic laser into treatment protocols. Generally, precautions 
with laser therapy involve protecting the eyes with protective glasses 
with lenses rated to the specific wavelength of the treatment lasers are 
important for both humans and animals to protect retinal tissue. Since 
the light is coherent, a small amount focused on the retina may cause 
permanent damage. Fortunately, visible light will generate a blink re-
flex to help protect the user; however, infrared lights are not visible so 
a blink reflex will not occur. All necessary care should be taken if the 
pet has a tattoo, black fur, or black skin because of the potential for 
light absorption and tissue heating [2,11,47]. 

 Contraindications to direct laser treatment include carcinoma, thy-
roid gland, active hemorrhage, and autonomic nerve centers. Laser 
energy should not be applied over a pregnant uterus, over tumors, 
over an open fontanel, over the growth plates of immature animals, 
malignancies, and photosensitive areas of the skin. Laser therapy 
should be avoided in patients in which immune stimulation is not 
desired, including those with lymphoma or on immunosuppressant 
medications. In immature patients, higher-powered laser therapy de-
vices may stimulate premature closure of epiphyses. Thus, caution is 
warranted over long bones in animals less than 1-year old [14,48]. 

Future perspective of laser therapy

 Therapeutic laser is of special interest in the area of nerve regen-
eration, particularly in human medicine. Veterinary patients experi-
ence peripheral nerve issues as they age, as osteoarthritis develops 
and progresses, in the wake of intervertebral disk disease, and when 
they develop nervous system decline as occurs in degenerative neu-
ropathy/myelopathy. Photobiomodulation has been demonstrated to 
support nerve regeneration, re-innervation of denervated muscle, and 
functional recovery following peripheral nerve injury. This is an area 
of active research that promises to provide a significant impact on 
both human and veterinary patients.

 Lasers have significant measurable effects on living tissues in 
laboratory experiments. Preclinical research, while inconsistent, also 
suggests potential benefits. Extensive research done in humans has 
so far produced limited evidence to support the use of lasers in a few 
conditions. Experimental evidence in veterinary species is mixed, and 
there are no systematic reviews of clinical trials validating laser ther-
apy for specific indications. Hopefully, future research will clarify the 
benefits of laser therapy, identifying which techniques are useful for 
which conditions and in what circumstances laser treatment is not 
beneficial.

Conclusion 
 In general, laser therapy is an emerging technique that appears 
to at least have subjective benefits and it is an increasingly studied 
modality that can be a valuable tool for veterinary practitioners to suc-
cessfully treat conditions. Potential areas where laser therapy can be 
incorporated are in wound healing, pain management, and rehabilita-
tion for various conditions (eg, Osteoarthritis). Mechanisms of action 
have been studied and identified for the reduction of pain and inflam-
mation, as well as the healing of tissue. Understanding the basics of 
light penetration into tissue allows evaluation of the correct dosage 
to deliver for the appropriate condition, as well as for a particular 
patient based on physical properties. Photobiomodulation has several 
potential benefits and regularly using this technology may allow for  

Disease condition Treatment Therapeutic dose

Joint Pain
Analgesia or 

anti-painAcute pain 4-6 J/ cm2 per day

Chronic pain 4-8 J/ cm2 per day

Muscle pain
Analgesia or 

anti-pain
Acute pain 2-4 J/ cm2 per day

Chronic pain 4-8 J/ cm2 per day

Inflammation
Anti-inflammatory 

therapy
Acute Inflammation 1-6 J/ cm2 per day

Chronic Inflammation 4-8 J/ cm2 per day

Open wound
Open wound man-

agement
Acute wound 2-6 J/ cm2 for 7-10 days

Chronic wound 2-8 J/ cm2 per day

Osteoarthritis Joint line therapy 8-10 J/ cm2 depends on the type of joint

Post-surgical wound Wound management 1-3 J/ cm2 per day

Table 2: Treatment guidelines for different disease condition using laser therapy.
Source: [3,46].
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the discovery of other applications. New applications are currently 
being studied for some of the most challenging health conditions and 
this field will continue to grow as we learn more. Additional clini-
cal studies are needed and collaboration is highly encouraged for all 
practitioners using this technology. There are a growing number of 
educational resources about therapeutic lasers and recent advances.
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