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Introduction

Photobiomodulation (PBM) therapy represents a sophisticated, non-invasive treatment
modality that harnesses specific wavelengths of red and infrared light to stimulate cellular
function. Delivered via LASERs or LEDs, this therapy triggers photochemical changes that
promote accelerated healing, reduce systemic inflammation, and provide significant pain
relief. In the landscape of modern veterinary medicine, PBMT has established itself as a
cornerstone of rehabilitation and comprehensive pain management. While often referred
to by various names—such as Cold Laser or Low-Level Laser Therapy (LLLT), its primary
purpose remains the same: to integrate seamlessly with traditional medical protocols to
enhance the overall quality of life for small animal patients.

The Physics and Cellular Mechanism of PBM

Understanding the efficacy of PBMT begins with the fundamentals of light physics. Light is
radiant energy that exists as electromagnetic radiation, characterized by its unique ability
to travel simultaneously as waves and particles known as photons. In a clinical
environment, LASER (Light Amplification by Stimulated Emission of Radiation) technology
is utilized to capture these properties. The therapeutic window for PBM typically falls
between 600nm and 1000nm, where wavelength directly dictates the depth of tissue
penetration. These therapeutic wavelengths are typically achieved using Class IlIB and
Class IV laser therapy units. Shorter wavelengths of red light are ideal for treating
superficial conditions such as skin lesions and surgical wounds. Conversely, longer near-
infrared (NIR) wavelengths possess the energy required to reach deeper structures,
including muscles and joints. Beyond wavelength, clinicians must consider power and
energy density; while power (measured in Watts) determines the rate of energy delivery, the
energy density (Joules per square centimeter) represents the actual dose delivered to the
patient and serves as the most critical metric for successful treatment.

The biological impact of this light energy is centered within the mitochondria, specifically
targeting the receptor enzyme Cytochrome ¢ Oxidase (CCO). When the appropriate
wavelength of light is absorbed by CCO, it triggers several key effects. The stimulation of
CCO, which is part of the electron transport chain, helps to increase the synthesis of
Adenosine Triphosphate (ATP) as part of cellular respiration. This increase improves the
cell’s ability to fight infection and accelerates the healing process. Increased CCO activity
also modulates Reactive Oxygen Species (ROS) which are oxidative waste products of the
cell. This modulation of ROS improves cellular repair and healing. The final effect on the



CCO is the dissociation of Nitric Oxide (NO). A potent vasodilator, the release of NO
increases circulation and decreases inflammation in the targeted area and enhances the
transport of oxygen and immune cells. Overall, this increase in cellular energy initiates a
cascade of beneficial downstream effects, including enhanced cell proliferation and
migration for faster wound healing, the modulation of inflammatory cytokines such as IL-13
and TNF-q, and localized vasodilation that improves overall blood flow to the affected area.

Therapeutic Considerations and Clinical Applications

Implementing PBM effectively requires a nuanced approach to dosing and protocol
selection. Practitioners must adjust treatment parameters based on the specific depth of
the target tissue and the total surface area being treated. For instance, larger treatment
areas necessitate a higher total number of Joules to ensure a therapeutic effect is reached
throughout the tissue. Furthermore, dosing is not a one-size-fits-all calculation; it must be
tailored to the individual patient’s physical characteristics, including their size, coat
thickness, and even coat color, as well as the chronicity of the condition being treated.
While continuous wave delivery is common, certain clinical scenarios may benefit from
pulsed frequencies to better manage tissue response.

The clinical indications for PBM are vast and diverse, making it a versatile tool in small
animal practice. It is highly effective in managing chronic musculoskeletal pain associated
with osteoarthritis and joint degeneration. In dermatological applications, it significantly
accelerates the recovery of surgical incisions and acute skin reactions. Additionally, PBM is
increasingly used in neurology and internal medicine to support patients suffering from
conditions like Intervertebral Disc Disease (IVDD), where reducing inflammation around
nerve tissue is paramount for recovery. PMBT has also been used to decrease inflammation
associated with cystitis and urethral blockages, decrease aural stenosis from otitis
externa, improve quality of life for patients with stomatitis, and significantly speed up
healing for wounds and burns.

Safety Protocols and Contraindications

Due to the high-intensity light energy involved in PBM, particularly with Class IV lasers,
strict adherence to safety protocols is mandatory to protect the operator, the patient, and
any auxiliary staff. The most significant hazard is the risk of retinal damage; because the
laser beam can cause permanent ocular injury through direct exposure or reflection, every
individual in the treatment room must wear appropriate protective eyewear. Although no
individual should ever direct the primary beam at anything other than the treatment area,
the risk of scatter is present, which necessitates the eye protection for anyone close to the
patient and operator. Beyond ocular safety, there is a physical risk of thermal burns.



Because high-power lasers generate heat, operators must maintain a constant, fluid
scanning motion with the laser head to prevent heat buildup in a single spot. This is
especially critical for patients with dark or thick coats, as darker pigmentation absorbs light
energy more rapidly, increasing the risk of accidental thermal injury. Running a hand behind
the path of the LASER to check skin temperature is recommended to prevent thermal
injury.

In addition to operational safety, practitioners must be aware of several absolute and
relative contraindications. PBM should never be directed toward the eyes or used over the
thyroid gland. Perhaps most importantly, it is strictly contraindicated for use overactive
malignancies or known tumors, as PMBT is non-selective in its cellular stimulation and may
potentially accelerate the growth of cancerous masses in addition to healthy tissue.
Relative contraindications require professional discretion and caution, such as avoiding
the abdominal area of pregnant patients, being mindful of the epiphyseal (growth) plates in
young animals, and reducing power settings when treating areas with heavy tattoos or dark
skin pigmentation to mitigate excessive heat absorption.

Conclusion

Photobiomodulation is a transformative modality that bridges the gap between physics and
cellular biology to provide a non-invasive solution for pain and healing. By mastering the
underlying mechanisms of light interaction, following rigorous safety standards, and
customizing treatment protocols to the specific needs of each animal, veterinary
professionals can offer a more holistic and effective approach to patient care. When used
correctly, PBM not only treats the symptoms of disease but actively empowers the body’s
own cellular machinery to repair and thrive.
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