A blinded, randomized, placebo-controlled prospective study of the impact of the effect of
photobiomodulation therapy in dogs with cranial cruciate ligament rupture after TPLO surgery.

by

Oscar Alejandro Chavez Zamora

D.V.M., University of Guadalajara, Mexico 2011

A THESIS

submitted in partial fulfillment of the requirements for the degree

MASTER OF SCIENCE

Department of Clinical Sciences
Veterinary Medicine College

KANSAS STATE UNIVERSITY
Manhattan, Kansas

2023

Approved by:

Major Professor
Walter Renberg DVM, MS, DACVS



Copyright

© Oscar Chavez 2023.



Abstract

Objective: Effect of photobiomodulation therapy (PBMT) in patients with CCLR after TPLO
surgery by measuring C-reactive protein, percentage weight bearing, lameness using a short form
of a composite measure pain scale, evaluated by the clinician and owners, and surgical site
infection.

Sample population: 54 client-owned dogs with CCLR undergoing unilateral TPLO surgery
were enrolled in this study between April 5, 2021 — April 10, 2022.

Methods: The study population was randomly assigned to either a treatment group receiving
PMBT (24 dogs) or control group (30 dogs). PMBT was performed on the treatment group
immediately after induction, and 6 hours, 24 hours, 48 hours and 8 weeks post-operatively. The
control group received sham PMBT (device turned off) at the same time. Evaluation of CRP,
CMPS-SF, evidence of SSI, and %WB were evaluated for all dogs 24 hours pre-operatively, and
then 24 hours, 48 hours, and 8 weeks post-operatively. Owners completed CMPS-SF and
subjective evaluations weekly for 8 weeks post-operatively.

Results: No statistically significant differences were found between treatment groups when
evaluating CRP, %WB and CMPS-SF by clinician and weekly evaluation of the CMPS-SF by
owners. Although no statistically significant differences were found on patients developing
surgical site infections between treatment groups, SSI were only observed in patients in the
control group (5/30, 16.6%). Most were minor/superficial infections (4/30 13.3%), and a single
dog (1/30, 3.3%) had a major/deep surgical site infection.

Clinical relevance: Although with promising but not statistically significant differences between

groups, surgical site infections may be reduced after PBMT application.
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Chapter 1 - Photobiomodulation Therapy

The principles of the laser date to 1916 when Albert Einstein first described the theory of
stimulated emission, but it was not until 1958 that Charles Townes and Arthur Schalow wrote a
paper on the proof of concept for creating one.® The first working laser was created by Theodore
Mainman at Hughes Aircraft Research Laboratory in Malibu, California in 1960.

The word LASER is an acronym for Light Amplification by Stimulated Emission of Radiation.
A laser generates light through a process of optical amplification based the stimulated emission
of electromagnetic radiation.*

The process of light emissions begins with activation of electrons, generally from either helium-
neon (HeNe), gallium arsenide (GaAs), or gallium-aluminum-arsenide (GaA1As) to an excited
state.®

A laser is created when light or energy is transmitted to an optical material like glass, crystal, or
gas. The light, or another source of energy excites the electrons to move from low energy to a
high energy around the nucleus of the atoms.®

Inside a Laser, there are commonly two mirrors forming the laser chamber that bounce the
photon back towards the electrons, cloning, amplifying and aligning them in the same direction
and speed to emit coherent energy.®

Light from a therapeutic laser must be monochromatic, having the same energy, wavelength and
a single color, in contrast to sunlight or white light that may be broken in different
wavelengths.®? Placing the two mirrors of the laser in the same plane to emit the laser light in the
same direction with a minimal divergence will produce a collimated and coherent laser light.®

These last 2 properties allow the light to be focused precisely on small areas of the body and, at a



therapeutic dose, these properties allow PBMT to penetrate the surface of the skin with no
heating effect, no damage to the skin, and few or no side effects®

To understand the movement of the laser beam it is useful to think about any visible light like a
lightbulb. The light of the bulb light moves in different wavelengths and in different directions
meaning the bulb light is incoherent.

Laser light may be reflected, scattered, transmitted or absorbed by the tissues. Reflected photons
have no clinical effect and may be dangerous to tissues such as the eyes. In order to reduce the
reflection, the laser beam should be directed as close to perpendicular to the skin as possible. In
addition, when photons pass through the tissues, some will be scattered, thus reducing the
amount of energy delivered to the tissue.®? Longer wavelengths will penetrate deeper tissues
reducing scattering of the beam. Transmitted photons pass completely through the tissues
without being absorbed. This is rarely a problem in rehabilitation because tissues are thick
enough to complete transmission. Finally, the beam can be absorbed by chromophores such as
water, hemoglobin, melanin, amino acids, and proteins. The absorption of the wavelengths are
measured in nanometers (nm) which determine the biologic effect of the tissues. ! For example
ultraviolet light (100-400nm) is absorbed primary by melanin, proteins, and nucleic acid; visible
light (400-760nm) is scattered and absorbed by melanin, hemoglobin, and myoglobin; with near
infrared light (760nm -1400nm), photons are mainly scattered but a great variety of
chromophores absorb these photons. Wavelengths of >1400 are absorbed almost entirely by
water; these wavelengths are found in surgical lasers. Therefore, the optimal window to have
tissue penetration with less scattering and surface absorption is likely to be in the 600-1200nm

range.



In addition to wavelength, power is also a characteristic that is important to measure while using
laser. Power is a measure of energy per unit time and is expressed in watts (W) or milliwatts
(mW). For example 1 watt = 1 joule/second.®®

The power density or intensity indicates the power per surface area. Larger spots result in more
homogenous passage of laser light through the tissues with less photon scattering and light
dispersion. Another measurement reported for therapeutic laser is the dosage, which isthe power
emitted multiplied by the time of treatment. For example, a 50-mW laser delivers 1 J of energy
in 20 seconds of treatment time. A 500 mW laser takes 2 seconds of treatment to deliver 1 J of
energy. A 1-W laser takes only 1 second , and 10 watts laser takes 1/10 of a second. Therefore,
from a treatment standpoint, a higher power laser delivers the same treatment in a shorter time
than a lower power laser.%

There are four main classes of lasers as defined by the international Engineering Consortium
(IEC) standard 60825 based on their power output, measured in milliwatts (mW), and the
potential for ocular damage. The types of lasers are Class 1/1M -, Class 2/2M , Class 3A/3B,
Class 4.°

Class 1 and 2 include everyday devices such as laser pointers, laser printers, grocery scanners
and CD players. Their power level is very low: < 0.05mW and low < ImW, respectively. The
power level of Class 3 laser devices is low (<bmW for 3A lasers used as laser pointers, and low
power PBMT devices) and medium for 3B(<500mW that the majority of the PBMT devices
use). The class 4 laser devices are considered surgical lasers (hot lasers) which can cut over have
a high power level of >500mW.

When lasers are used for PMBT, they are typically class 3B devices. The main characteristic of

this type of laser is that its radiation is athermic, meaning that the biological effects are caused by



biostimulation rather than perceptible heat or cell damage, and they are limited to <500mWw.*
The light triggers the cells to stimulate biochemical changes.®

PBMT has several synonyms such as cold laser therapy, low intensity laser therapy, and low
level laser therapy. In 2014, at an international conference of the North American Association for
Light Therapy and the World Association for Laser Therapy, a consensus was reached that
photobiomodulation therapy was a more accurate name for the action of transmitting light to the
tissues and stimulating healing.’

PBMT is now defined as the application of light from 10mW to 500mW with a wavelength in

the red to near infrared region of the spectrum (660nm to 905nm).°



Chapter 2 - Mechanisms of PBMT

The mechanism of PBMT is poorly understood. There are several theories focused on the
modulation of the inflammatory process and direct stimulation of regeneration in a damaged cell
to. %1% The optimal wavelength for penetration of light into the tissue is around 810nm.*°

The wavelengths in this optimal window allow the light to be absorbed by cytochrome C oxidase
on mitochondria, thus increasing the availability of electrons for the reduction of molecular
oxygen in the catalytic center of cyclooxygenase (COX). This in turn increases the mitochondrial
membrane potential and thus the levels of adenosine triphosphate (ATP), cyclic adenosine
monophosphate (CAMP) and reactive oxygen species (ROS).83

At the shorter wavelengths, 600-800nm, a significant quantity of photonic energy is absorbed by
melanin, hemoglobin, and oxyhemoglobin chromophores. Melanin has a very high absorption, so
dark skin absorbs light to a greater extent, especially for wavelengths less than 830 nm. In
contrast, wavelengths longer than 1300 are absorbed strongly by water and therefore penetration
into tissues is decreased.!

PBMT devices should emit in the 800 — 1000nm range in order for the chromophores mentioned
above to absorb the light energy.'% When there is an injury to tissue, nitric oxide (NO)
produced by the mitochondria can inhibit respiration in the cell by binding to COX and
displacing oxygen.!? One of the targets of PBMT is the chromophore, cytochrome C (CcO), also
known as Complex IV, which is the last enzyme in the electron transport chain. '3 It is
theorized that once the laser light has targeted CcO in the injured cell, it will photo-dissociate the
NO leading to increase activity of the electron transport chain, greater mitochondrial membrane

potential, and increased adenosine triphosphate (ATP) production.®



ATP provides energy to the cell and regulates many biochemical pathways such as cyclic
adenosine monophosphate (CAMP)- and ATP-driven carriers for ions such as Na*/K* ATPase
and calcium ion pumps. ATP also helps with the stimulation of intracellular pathways such as
mitogen-activated protein kinases and can act in conjunction with growth factors such as
fibroblastic growth factor (FGF) 2, epidermal growth factor, and nerve growth factor.'>

In addition, PBMT of certain wavelengths (632.8nm, 812nm and 820nm) has shown to produce
and modulate reactive oxygen species (ROS).8#* High concentrations of reactive oxygen species
(ROS) produced by chronic inflammatory processes, toxic chemical exposure or environmental
stresses can cause oxidative cell damage.'”*8 On the other hand, lower concentrations of ROS
have been appreciated as an important signaling molecules. Finally, the stimulation and
modulation of ROS have been shown to promote cell proliferation.t%2%

Cells respond to ROS in different ways resulting in production of scavenger antioxidants, protein
modification and gene expression.!” Some of those transcription factors are redox factor 1,
dependent activator protein 1, nuclear factor Kappa, hypoxia inducible factor and HIF-like
factor. Activation of those factors can lead to the synthesis of proteins induced in cell
proliferation, tissue oxygenation, and cytokine modulation.’

Another effect of PBMT is on NO, which is a well-known mediator that helps with vascular
homeostasis as a vasodilator and antithrombic factor, inducing disaggregation of pre-aggregated
platelets by enhancing endogenous fibrinolysis.?*?22* NO synthase (eNOS) suppression with
concomitant NO deficiency, results in vasoconstriction, inflammation, platelet activation,
hypercoagulation, and cardiovascular diseases.?

In hypoxic cells or stressed cells, mitochondria generate NO, which binds to CcO and displaces

oxygen.?* The result of this binding leads to inhibited cellular respiration, reduced ATP



generation and increased oxidative stress.?® This state activates various intracellular signaling
pathways and transcription factors such as redox factor-1, hypoxia-inducible factor (HIF)-1, and
HIF-like factor 17, activator protein-1, nuclear factor-kB, p53, activating transcription
factor/cyclic adenosine monophosphate (CAMP)-response element-binding protein
(ATF/CREB), inducing the downstream production of both inflammatory mediators like
interleukins IL-1 and IL-6, tumor necrosis factor-alpha, COX-2, and prostaglandin E2 and anti-
inflammatory mediators like Transforming Growth Factor-beta and 1L-10.2°

Evidence indicates that administering PBMT with appropriate parameters to stressed cells can
dissociate NO from its competitive binding to CcO, increase ATP production, and restore the
balance between pro and antioxidant mediators, reducing oxidative stress.?

PBMT has shown several benefits in studies in vivo and ex vivo in humans and animal cells.
However, there is still controversy about its clinical use. Some authors believe that this
controversy stems from the lack of standardized treatment protocols.?”?

Variations in respond to PBMT have been reported based on dose, with too low of a laser dose
inducing no response and too much potentially being toxic.?” In 2020, Hochman et al, examined
the effects of laser power, wavelength, coat color, and coat length on tissue penetration using
PBMT in healthy dogs, concluding that hair length and coat color affected tissue penetration
with longer and darker coats having less penetration.?’” Also, another study by Piao and
colleagues in 2019 showed that PBMT light could penetrate the spinal cord of a cadaver after
hemilaminectomy using a multichannel spinal probe, concluding that being in contact with skin
increased transmission 67% compared with the cadaver that did not have contact.?®

8 Endre Mester became the first to explore the healing effects of lasers while working at

Semmelweis University in Budapest, Hungary, by discovering that applying laser to the back of



a shaved mice can induce faster growth of hair than in the untreated mice. After that discovery,

photobiomodulation therapy (PBMT) became a topic of research to treat skin wounds.??

The most common uses of PBMT in veterinary medicine in dogs, cats, and horses are to treat
postoperative pain, chronic pain due to osteoarthrosis,* enhance wound healing and to treat
neurological disorders,30:31:32.333536.37.38.3% proposed mechanisms to treat the different conditions
mentioned above have been discussed by Hochman et al in a review of the use of PBMT.
PBMT acts through four different processes to treat pain: Transduction, transmission,
modulation, and perception. During transduction, mechanical and chemical heat stimulus can
activate pain depolarizing A-delta (A?%) and C fibers. PBMT can decrease bradykinins and Kinin
receptor activity, proinflammatory interleukin-1, and proinflammatory prostaglandins and can
increase NO, thereby causing vasodilatation and removal of inflammatory mediators,®40:41.:42:43.44,
During transmission, the depolarization of C fibers will be blocked and will increase the nerve
cell action potential.*>* During modulation, the signal of pain is inhibited to the dorsal horn
prior to ascent to the brain, producing beta-endorphins and decreasing acetylcholine leading to to
decreased discharge of excitatory neurons. Finally, during perception, PBMT can increase levels
of serotonin for mood augmentation.®®

PBMT has been studied during wound healing in laboratory studies on mice, but other studies
have shown negative effects in dogs and horses. 239314950 The mechanisms behind the
enhancement of wound healing are postulated to be regeneration of the injured cell by increasing
ATP and modulation of ROS and NO. This leads to the activation of several growth factors such

as platelet derived growth factor, FGF, vascular endothelial growth factor, keratinocyte growth



factor and transforming growth factor, thus accelerating fibroblast proliferation and re-
epithelization of the wounds.>%>?

Neurological disorders such as intervertebral disk disease and spinal fractures will cause primary
and secondary injury in the spinal cord by decreasing blood supply thus leading to alterations of
local ion concentrations, production of free radicals and release of cytotoxic neurotransmitters,
resulting in necrosis and apoptosis of the spinal cord tissue.>*%*% PBMT is also reported to be
beneficial for peripheral nerve regeneration, increasing axonal growth and myelinization,
reducing degeneration of corresponding motor neurons and increasing Schwann cell

proliferation. -5



Chapter 3 - PBMT in Veterinary Medicine

PBMT has been used in in vitro studies to enhance angiogenesis, leading to a faster wound
healing process.?

Wardlaw et, al 2019, during the evaluation of wound healing, based on digital photographs,
using a scar scale 0 — 5 of the skin incisions, within a post operative period of 24 hours and 3,5,7
and 21 days in twelve Dachshunds that underwent thoracolumbar hemilaminectomies for
intervertebral disk disease (IVDD). The authors reported that all scar scores significantly
improved with increasing time from surgery (<0.001). Good agreement was achieved for inter-
rater reliability (p = 0.9). Laser therapy increased the scar scale score, leading to improved
cosmetic healing by day seven, and continued to show an increase on day 21 compared to control
dogs (p < 0.001). The scar scale was developed based on the first three dogs after surgery with
(0) being a fresh surgical incision, (1) fresh incision but no hemorrhage present, (2) incision with
some scabbing, (3) skin remodeling but resolving bruising or inflammation, (4) healing
progressing but visible scar present and (5) healed incision with epithelization, contraction and
hair regrowth. The authors concluded that application of laser therapy for seven days at 8J/cm2
hastened wound healing and improved the cosmetic appearance in 4 dogs compared to the other
5 dogs who were in the control group.®

In contrast, Gammel et al, in 2018, evaluated primarily closed incisions and full thickness open
wounds in 10 dogs and reported no difference between groups for subjective assessment of
healing time and wound measurements (P =.7). There was no difference in histopathologic
assessment except that the control group had more necrosis and perivascular lymphocytes and
macrophages at day 7 (P =.03). The treatment group had more perivascular lymphocytes and

macrophages at day 14 (P =.01). The closed incisions were bilateral for flank ovariectomy
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procedures, and open wounds were created bilaterally with a punch biopsy. Each side of the dog
(incision and open wound) was randomly assigned to the treatment group or the control group.
The treatment group received PMBT once daily for 5 days with a 980-nm laser and a total
energy density of 5 J/cm?. The control group received a sham treatment (laser turned off) for an
identical amount of time each day. The wounds were assessed visually, measured, and
photographed at postoperative days 3, 7, 11, and 14; and biopsied on postoperative days 7 and
14. A 2-way repeated measures multivariate analysis of variance was used to analyze differences

between groups.’’

There are 3 studies in veterinary medicine evaluating the effect of PBMT in dogs with CCLR
that underwent TPLO surgery. Rogatko et al 2017, used a single pre-operative treatment dose of
3J/cm? (6 watts,800-970nm dual wavelength, continuous and pulsed) vs a sham group in 27 dogs.
Evaluation of lameness score, response to manipulation, force plate evaluation, and radiographic
healing found increased weight bearing of treated dogs on force plate at 8 weeks after TPLO
surgery compared to the sham group. The limitations of this study include that variables such as
age, diet, and activity level were not controlled. An additional limitation was the small sample
size that may have led to type 2 error.

In 2018, Renwick et al used 95 dogs in three post-operative treatments in a four-course design
using several dosages from 660nm, 800nm, 905nm and 970 nm, with 10 phases of different pulse
frequency vs ‘placebo’ red light at 660nm. During the study they assessed the Liverpool
Osteoarthritis in Dogs , adjusted Canine Orthopedic Index (ACOI), radiographic healing index of

osteotomy, time to cessation of NSAID administration, and wound healing. The only significant
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result was found in the evaluation of gait section of the ACOI, where the treated group had better
scores compared to the control group. Limitations were not mentioned in this study.

A 3" study from Kennedy et al 2018, using 12 dogs evaluated dosages of PBMT at 2.25 J/cm?2
during hospital treatment and 1.5 J/cm2 during at-home treatments (class 2 laser 635 nm) vs.
control group treated with the same laser units, with the 5-mW diodes replaced with red LED
light-bulbs. The study found better ground reaction forces during recovery for the control group
vs PBMT group.

Even though these studies are randomized controlled studies, the variability of the dosages and
frequency of PBMT given prevent a definitive conclusion on the effect of PBMT. Lack of
established protocol of PBMT for dogs and small sample size were the major limitations of these

studies.
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Chapter 4 - Variables to measure

In our study we evaluated the following objective measurements: CRP using IDEXX Catalyst®
CRP Test (IDEXX Laboratories, Westbrook, Maine, USA), percent of weight bearing on a
PetSafe Stance Analyzer (LiteCure LLC, Companion Animal Health 38” L x 24” W x 1.75” H),
incidence of surgical site infections based on the CDC guideline. Subjective measurements were
also using CMPS-SF.

CRP

CRP is the major positive protein of the acute phase proteins (APPs) in dogs. This species can
show up to an increase of 10-1000-fold increase reaching a peak 24-48h after the insult. It is the
most sensitive APP in dogs.>” Its molecular weight is approximately 100kDa. It is mostly
produced after proinflammatory stimulation by cytokines such as IL-1, IL-6, and a tumor
necrosis factor -o (TNF-a).%8

CRP has been monitored after surgery in dogs. In one study, CRP levels were not changed after
ovariohysterectomy (OHE).>® In a second study, the authors compared the concentration of CRP
levels preoperative and at different times post-operative in dogs that went under vasectomy,
OHE laparotomy or OHE laparoscopy. The vasectomy group had the lowest post-operative CRP
scores, followed by the laparoscopy group. The laparotomy group had the higher CRP scores
confirming that CRP can be used as a quantitative marker of systemic inflammation and can help
differentiate the degree of the inflammatory process in the body after surgery. Overall, the CRP
concentration started to drop 24 hours after surgery.®® Another study evaluated amyloid A and
CRP after TPLO for early detection of SSI. Lofgvist K et al, 2018 found that patients who
maintained high levels of CRP on day 6 post operatively were more likely to have an SSI.5°

There are no reports to the investigator’s knowledge of the effect of PBMT on CRP in patients

13



after TPLO surgery. There is one report of PBMT in human patients with pneumonia due to
COVID-19 where values of CRP were slightly lower than the control group but there was not
statistically significant difference.5!

Percentage of weight bearing

The current study also measured percentage of weight bearing using a PetSafe Stance Analyzer
(LiteCure LLC, Companion Animal Health) both pre-operatively and post-operatively.

Since the late 1970s, force plates have been used to evaluate lameness at walk, trot or jumping.
These force plates were operating using strain gauges or piezolectric sensors®¢-78 In dogs this
methodology has been used to measure ground reactions forces (GRF) before and after
stabilization of the stifle and to compare affected limbs and normal hind limbs after surgery as
well another applications.53* Static weight distribution is defined as the percentage of weight
distributed to each limb during standing. In dogs, 30% is distributed to each thoracic limb and
20% to each pelvic limb.” In a study measuring static percentage weight distribution on a weight
distribution force platform the highest sensitivity and specificity to detect lameness and
orthopedic disease was a cut off 2 points below the normal value.®®

These weight distribution force plates are comprised of four individual plates that measure each
leg independently. Patients must be in a standing position with their head forward and each limb
must be on an individual plate, as the percentage of total weight will be calculated for each plate.
Weight distribution platforms have previously been verified as an accurate and repeatable

measure through comparison with static standing on a pressure-sensitive walkway.”®

Short form of the Glasgow composite measure pain scale (CMPS-SF)

14



The third variable measured in this study is a modified short form of the Glasgow composite
measure pain scale (CMPS-SF)."

Pain is an unpleasant multi-dimensional experience with sensory and emotional components,
which, by its nature, is not directly measurable in animals as they are unable to self- report. Some
simple tools used frequently include simple descriptive scales, numerical rating scales and visual
analog scales.” These tools are associated with high levels of inter-observer variation and their
unidimensional nature may not adequately capture complex constructs like pain.”*’2 CMPS-SF
was developed for routine clinical use and is comprised of six behavioral changes with
associated descriptors: vocalization, attention to wound, mobility, response to touch, demeanor
and posture/activity.”* It has been validated for the assessment of acute post -operative pain and
the score is linked to an intervention level, which guides the requirement for additional
analgesia.”

The CMPS-SF was evaluated in hospital by the clinician pre-operatively, 24-, and 48 hours post-
operatively and weekly by the owner for 8 weeks. On the same sheet of paper as the pain scale,
two questions were added to identify potential surgical site infection. The first question asked the
owners if they noticed any changes to the surgical site such as redness, discharge (sero-
sanguinous or purulent), if the site was warm to the touch, or more painful to touch compared to
the previous days. If the response to this question was yes to one of those changes, the owners
were asked to come for a recheck or to go to their closest veterinarian as soon as possible for
assessment and to receive antibiotics if needed. The second question asked was what type of
medication the patients were receiving at that moment to confirm any use of antibiotics.

Surgical site infections after TPLO surgery

15



TPLO surgery is one of the most common surgeries in dogs in veterinary medicine and has a
high risk of SSI (reported as 2.9%-25.9%)3 compared to other sterile elective orthopedic
procedures.

It seems to be related to thermal bone necrosis, increased surgery time, inexperienced surgeons,
obesity, or the use of non-locking plates in patients >50kg, "%

Several strategies have been implemented to decrease the prevalence of SSI such as antibiotic
impregnated suture, extended postoperative antimicrobials, and implementation of preventative
intraoperative and postoperative protocols without showing significant positive results. The
additional cost of SSI can be 50% of the price of the original surgery and, in some cases, double
the original cost.”

In addition, the increase of multidrug resistant bacteria is a therapeutic challenge in both
veterinary and human medicine. The most common bacteria isolated from these surgical sites is
Staphylococcus intermedius, with 20% - 40% of this bacterial isolate showing multidrug
resistance.” For humans, the Centers for Disease Control and Prevention guidelines for an
implant associated infection recommend the use of long-term of antibiotics, implant removal and

surgical debridement if possible.”
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Chapter 5 - Conclusions and future research

PBMT is a noninvasive therapy that has been used as an adjunctive treatment to treat pathologies
in veterinary medicine such as pain after trauma, tendon, or peripheral nerve injuries, and to
enhance wound healing. PBMT is becoming more popular, and it has been used in veterinary
medicine for a few years, however standard protocols to treat different pathologies are lacking in
the literature.>>4650

As mentioned before, studies in humans and animals are still controversial. Specifically, studies
in dogs after TPLO surgery are inconclusive as to the benefits of PBMT. One of the studies cited
above showed positive results while measuring GRF at 8 weeks, and another found improved
scores during gait evaluation using the Canine Orthopedic Index. In contrast, a 3" study found
better GRF in the control group than the treatment group. 33637

Dosages, length, and number of treatments varied between those studies also compared to the
study presented here. In the present study, a CTX SmartCoat™ type IV laser (Companion
Animal Health, New Castle, Delaware) was utilized for all treatments (Power 0.5 to 15 watts,
Modes CW or pulsed, wavelengths 980/810nm). A profile for each patient was entered based on
species, body weight, area to treat, coat color and length, skin color and condition to treat. The
laser software then generated a protocol of power and duration of application. The options
entered for each patient in the treatment group were as similar as possible for each patient. The
recommendations of the manufacturer were followed due to ease of repeatability.

The number of sessions were based on an effort to precondition tissues before surgery and to

modulate the inflammation phase in tissue after surgery.*
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The variable factored into the software species, body condition score, condition treated, area
treated, coat color and coat length (because the animals were shaved, “light” and “short” were
always selected).

The elaboration of future studies in dogs with larger populations and repeatability will be helpful
to conclude a definitive answer of the use of PBMT before and after TPLO surgery.

Even though TPLO is one of the most common procedures in dogs, it carries a higher risk of SSI.
Finding a positive treatment effect of PBMT could benefit many animals and decrease owners,
cost, and the use of antibiotics.

In addition, a negative effect would be difficult to find because PBMT lacks side effects in dogs.
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Abstract

Objective: Effect of photobiomodulation therapy (PBMT) in patients with CCLR after TPLO
surgery by measuring C-reactive protein, percentage weight bearing, lameness using a short form
of a composite measure pain scale, evaluated by the clinician and owners, and surgical site
infection.

Sample population: 54 client-owned dogs with CCLR undergoing unilateral TPLO surgery

were enrolled in this study between April 5, 2021 — April 10, 2022.
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Methods: The study population was randomly assigned to either a treatment group receiving
PMBT (24 dogs) or control group (30 dogs). PMBT was performed on the treatment group
immediately after induction, and 6 hours, 24 hours, 48 hours and 8 weeks post-operatively. The
control group received sham PMBT (device turned off) same time. Evaluation of CRP, CMPS-
SF, evidence of SSI, and %WB were evaluated for all dogs 24 hours pre-operatively, and then 24
hours, 48 hours, and 8 weeks post-operatively. Owners completed CMPS-SF and subjective
evaluations weekly for 8 weeks post-operatively.

Results: No statistically significant differences were found between treatment groups when
evaluating CRP, %WB and CMPS-SF by clinician and weekly evaluation of the CMPS-SF by
owners. Although no statistically significant differences were found on patients developing
surgical site infections between treatment groups, SSI were only observed in patients in the
control group (5/30, 16.6%). Most were minor/superficial infections (4/30 13.3%), and a single
dog (1/30, 3.3%) had a major/deep surgical site infection.

Clinical relevance: Although with promising but not statistically significant differences between
groups, surgical site infections may be reduced after PBMT application.

Introduction

Photobiomodulation therapy (PBMT), also known as low-level laser therapy, cold laser therapy,
or low intensity laser therapy is increasingly popular in human and animal rehabilitation. It
involves the use of a device designed to deliver photochemical rather than thermal energy.t
PBMT has been used to address inflammation, edema, and chronic joint disorders?, to promote
healing of wounds?, and to treat neurological disorders and pain®. The leading theory explaining

the basic mechanism of PBMT in the tissues implicates the cytochrome C oxidase as the primary
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photoreceptor. Once cytochrome C oxidase is stimulated by light, an electron transport is
accelerated, leading to increased ATP production and thus hastened recovery of injured tissues.>®
Few studies have been done in veterinary medicine evaluating the influence of PBMT before or
after surgery.?%11213 The results of the existing studies are controversial.

It is likely that some of the controversies are due to variability in the dosages used to treat the
different conditions. The dose recommended to treat tissue in animals ranges from 3 to 10 J/cm?,
However, the dose used will depend on manufacturers’ recommendation based on the therapeutic
goal, skin color, coat color, and surface area.”®

Additionally, PBMT has been used to control inflammatory processes and analgesia without
definitive results. Measuring some serum proteins like C — reactive protein (CRP) in blood may
help obtain more definitive results. C- reactive protein is an acute phase protein for
inflammation; it increases six hours after tissue injury and eventually will decrease around 48
hours post-injury following a decrease ininflammation.®

Some studies have been conducted in dogs with cranial cruciate ligament rupture (CCLR) before
and after tibial plateau leveling osteotomy (TPLO) surgery, to evaluate bone healing, percentage
weight bearing (%WB), pain evaluation, and wound healing.1%!

TPLO surgery is one of the most common surgical techniques to correct CCLR in dogs. Despite
good to excellent outcomes in most reports, some patients required prolonged time to recover
from lameness or pain. Those patients have longer hospitalization, longer duration of pain
medication, or require physical therapy to resolve lameness.

Based on human and veterinary studies, PBMT therapy has been used for preconditioning tissues
before surgery to decrease inflammation and increase analgesia, vascularization, and tissue

healing.>*? Rogatko et al. (2017) administered a single dose of PBMT to precondition the
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tissues before TPLO surgery, showed an improvement in peak vertical force (PVF) at eight
weeks compared to the control group.*®

One of the most common complications after TPLO surgery is the high rate of surgical site
infections (SSI; reported as 2.9%-25.9%).** The use of antibiotics after a TPLO surgery is still
controversial since historical evidence does not support antibiotic use after a clean procedure. !>
On the other hand, some studies have found that postoperative antibiotics showed some
protection against SSI.1"*81° The use of prophylactic antibiotics can lead to resistant strains of
bacteria. To the authors’ knowledge no studies have evaluated SSI in TPLO after PBMT.

The objective of the present study is to determine the effect of PBMT in adult, client-owned dogs
of any breed or sex, with a diagnosis of cranial cruciate ligament rupture undergoing TPLO
surgery, on measurement of C-reactive protein in blood (CRP), percentage of weight bearing
(%WB), a short form of a composite Glasgow pain score?® (CMPS-SF) in-hospital and in-home,
, , and incidence of surgical site infections.

Our null hypothesis was that there would not be statistically significant differences post
operative between groups in %WB, CRP, CMPS-SF by owner or clinician, and risk of SSI.
Materials and Methods

Study design: A blinded, randomized, placebo-controlled prospective study was conducted at
the Veterinary Health Center, College of Veterinary Medicine, at Kansas State University from
April 2021 to April 2022. All study procedures were reviewed and approved by the Kansas State
University Institutional Animal Care and Use Committee (IACUC #4500). Between the dates of
April 2021 and April 2022, a consent form was provided to the dog owners and signed before

enrolling their animals in the study. All patients had confirmed cranial cruciate ligament rupture
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(CCLR) as determined by physical examination by the attending orthopedic surgeon or small

animal surgery resident.

Eligibility: Inclusion criteria consisted of client-owned dogs of any breed or sex, older than one
year of age, with diagnosis of CCLR, enrolled during their initial visit at the Veterinary Health
Center. Standard lateral and craniocaudal radiographs were performed under sedation followed
by TPLO surgery with any of the following variations: arthrotomy, arthroscopy, partial
meniscectomy, meniscal release.

Exclusion criteria included results of a pre-operative complete blood count and serum chemistry
demonstrating systemic illness or any other reason to avoid NSAID medication such as historical
gastrointestinal signs or inability of the owners to give oral NSAIDs. Aggressive or anxious
temperament that might interfere with stance analysis and subjective pain scoring, or neurologic
disease confirmed by one of the clinical investigators were also grounds for exclusion.

Sample size determination:

Rogatko et al 2017, using a single dose of PBMT preoperative, reported better peak vertical
force (PVF) at 8 weeks; the mean static Percentage weight bearing (%WB) was 39.6% (+ SD
4.7%) in patients that received laser treatment compared 28.9% + 2.6% for patients in the sham
group (P < 0.01). In another study evaluating PVF at 8 weeks after TPLO and PBMT, authors
reported a mean of 52% * 11% on the PBMT group and 48% * 7% on the control group
resulting in a not statistically significant difference.? Considering this data from the literature,
and assuming a mean difference in static %WB of 5% between treatment groups (40% static
%WRB for the control and 45% static %WB for the treatment group),a standard deviation of 5 and

7% for the control and treatment groups, respectively, a power of 80%, and alpha of 0.05, the
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number of patients needed per group was predicted to be 25, for a total of 50 patients.1%3
Sample size was calculated using a two sample means test assuming unequal variances in
standard software (Statal7.0 SE; StataCorp LLC).

Enrollment, treatment groups and outcome measurements: After enrollment, a
randomization technique was performed using Microsoft Excel (2018) to assign patients to the
treatment or control groups. For statistical analysis, the animal was deemed the experimental

unit.

A Class 1V, 980/810 nm gallium-aluminum-arsenide diode laser (CTX SmartCoat TM,
Companion Animal Health, New Castle, Delaware) was used for all treatments.

A profile for each patient was entered into the software included with the device to note species,
body weight, area to treat, coat color and length, skin color and condition to treat. The software
then generated a protocol defining power and duration of application. Animals in the control
group had a sham treatment with the device turned off but moved in a similar pattern for the
calculated duration. Patients were treated after shaving their fur for surgery.

PBMT was performed on the medial and lateral aspect of the distal femur and proximal tibia
using back and forth movements in contact with the skin from proximal to distal and distal to
proximal in a constant movement for the predetermined time of the treatment in all patients
assigned to the treatment group.. The laser energy was administered through a handpiece with a
circular 4.7 cm diameter (2.21 cm2) spot size using a power setting of 10 W and passed in
continuous motion over an area of 12.7 cm x 20.3 cm for 2.1 minutes delivering a total of 1300 J

(5 J/lem?2) to the medial and then repeated on the lateral aspect of the knee.
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Evaluations of the patients occurred pre-operatively, at 24 and 48 hours post-operatively, and
again at eight weeks post-operatively. The data was obtained by the same clinician who was
blinded as to treatment group. The data was gathered as follows.

The IDEXX Catalyst® CRP Test (IDEXX Laboratories, Westbrook, Maine, USA) utilizing gold
nanoparticles to measure antigen was used to measure C-reactive protein in blood. A lithium
heparin container with 600-800 pL of whole blood was utilized in-house using a Catalyst- one
(IDEXX Laboratories, Westbrook, Maine, USA). A PetSafe Stance Analyzer (LiteCure LLC,
Companion Animal Health) 38 L x 24” W x 1.75” H, was used to measure the percentage of
weight bearing in all four limbs on all the patients.. Five measurements were collected at each
time point and the highest and lowest value were eliminated to yield an average for the 3
remaining values.

A modified short form of a Composite Measure Pain Scale (CMPS-SF)? was used for all the
patients . The same scale was used by one member of the owner’s family, at home, weekly for 8
weeks. The forms evaluated by the owner were returned to the hospital at the 8-week recheck.
Two questions were added to the CMPS-SF regarding the appearance of the surgical site, and
which medications the patient was taking during the time of the evaluation. The owners were
instructed that the same individual was to complete the evaluations during the next 8 weeks to
minimize variability in measurements.

Surgical site infections (SSI) were evaluated based on the CDC guidelines.?* The CDC defines
SSI as present when there is purulent discharge from the surgical site or patients are showing
clinical signs such as fever, localized pain, or tenderness. SSI are divided into superficial, where
only skin and subcutaneous tissue are involved, and deep where fascia, muscle organ/space are

involved.??2, If the owners noticed discharge from the surgical site, they were asked to visit
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their primary care veterinarian for a complete evaluation. When the veterinarian confirmed
purulent material coming from the surgical site, antibiotics were prescribed.

Day 0 baseline evaluations

During intake, patients underwent a complete physical and orthopedic examination. A baseline
CMPS- SF was performed by the primary author (OCZ), who was blinded as to treatment group,
objective stance data was obtained, and blood was drawn from the jugular vein for a complete

blood count, chemistry, and C-reactive protein. Radiographs were also obtained.
Day 1 (Day of surgery) evaluations

Patients were premedicated and then placed under general anesthesia. Anesthetic protocols were
at the discretion of the boarded anesthesiologist in charge. A standard surgical preparation
protocol for a TPLO surgery was performed. The first treatment of PBMT was done after
clipping the surgical area. After PBMT was completed, patients received an ultrasound-guided
femoral and sciatic nerve block with ropivacaine HCI 1mg/kg (Somerset Therapeutics, LLC,
Hollywood, FL). A standard TPLO was performed either by a ACVS diplomate surgeon or
supervised small animal surgery resident according to a previously described technique.? A
partial meniscectomy was performed if a meniscal tear was found during medial parapatellar
mini-arthrotomy; no meniscal releases were performed. For post-operative pain control,
hydromorphone 0.08 mg/kg (hydromorphone HCL by Hykma Berkeley Heights, NJ) was
administered subcutaneously every 4 hours for the first 24 hours along with a single dose of
carprofen 2.2mg/kg SC once (Rymadil; Zoetis Kalamazoo,), After the first day, opioids and
NSAID were switched to oral codeine 1.4 mg-2.0 mg/kg PO every 8 hours (West-Ward,

Eatontwon, NJ), carprofen 2.2 mg/kg PO every 12 hours (Rymadil; Zoetis Kalamazoo,). Six
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hours after surgery, a second PMBT was performed. The individuals performing the laser or

placebo treatments did not participate in any evaluations of the study subjects..

Day 2 and 3 (24- and 48-hours post-operative) evaluations

Twenty four and 48 hours following surgery, the dogs received either PBMT or placebo
treatment, C-reactive protein blood test, CMPS-SF, and stance analysis. The patients were
discharged from the hospital 48 hours following the surgery. A modified short form of a
composite measure pain scale (CMPS-SF) was given to the owners with the addition of two

questions to evaluate the surgical site.

Eight-week evaluations

Owners of all the study patients were asked to return at 8 weeks after TPLO surgery for a
recheck. This evaluation consisted of a complete physical and orthopedic examination, stance
analysis, blood drawn for a CRP blood test, and a pain evaluation using the CMPS-SF, all
performed by the original clinician (OCZ). Radiographs of the stifle were performed utilizing the
same sedation as during the pre-operative study. After radiographs were finished, patients

received either PBMT or placebo treatment and the study was deemed completed.

Masking: The investigator (OCZ) measuring and recording all outcome measurements as well as
the statistician (NC) were blinded to treatment allocation status.

Statistical analysis: Descriptive statistics (mean, median, SD, range) for age, weight, and a
frequency table for reproductive status were computed by treatment group.To confirm whether
randomization balanced out signalment factors, age and weight were compared between
treatment groups using a t-test, and reproductive status by treatment group using a Chi-square

test.
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Descriptive statistics or frequency tables were also computed for all outcome measurements (C
reactive protein (CRP) values, % weight bearing, pain based on clinician, and based on owner’s
assessment, and surgical site infections) by treatment group and by time of measurement (pre-op,
24 hours, 48 hours and 8 weeks; for pain assessed by the owner time was categorized as follows:
1,2,3,4,5,6, 7, and 8 weeks).

The effect of treatment group on CRP values was estimated in a linear mixed effects model
which included fixed effects of treatment group (control vs treatment), time measurement (pre-
op, 24 hours, 48 hours, 8 weeks) and the two-way interaction between treatment group and time
of measurement. The dependent variable consisted of logarithmic-base 10 CRP values (CRP
values were log-transformed to meet the normality assumption). A Newton-Raphson
Optimization procedure and residual pseudolikelihood estimation were fitted. An unstructured
covariance structure was included to account for repeated measures. A Tukey’s P -value
adjustment for multiple comparisons was implemented. Residual diagnostics were assessed
graphically. Outcome values were back-transformed for reporting and interpretation (model-
adjusted mean CRP values and standard error of the means (SEM) are depicted along with
corresponding P-values).

The effect of treatment group on % weight bearing values was estimated in a generalized linear
mixed effects model. Fixed effects of treatment group (control vs treatment), time measurement
(pre-op, 24 hours, 48 hours, 8 weeks) and the interaction between treatment group and time were
included. The outcome consisted of % weight bearing values divided by 100, to transform it into
a continuous proportion. A beta distribution, logit link, Newton-Raphson Optimization

procedure, residual pseudolikelihood estimation, and Kenward Roger degrees of freedom
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adjustment were fitted. An unstructured covariance structure was included to account for
repeated measures. A Tukey’s P-value adjustment for multiple comparisons was implemented.
The frequency (number and %) of surgical site infections by treatment group, and overall, was
computed. An exact logistic regression was fitted to compare the proportion of surgical site
infections by treatment group; odds ratio (OR) and corresponding P-value were reported.

Pain as evaluated by the clinician, and by the owner was recorded using the CMPS-SF. There are
no reports on grading pain such as mild, moderate, or severe with this form. The pain score is the
sum of the rank scores for the test’s 6 categories; the maximum pain score possible is 24. The
total CMPS-SF score has been shown to be a useful indicator of analgesic requirement and the
recommended analgesic intervention level is 6/24; as such, pain scores were categorized into two
categories; observations when patients had a pain score equal or lower than 6 (as in “analgesia
not required”), and observations when patients had scores equal or higher than 7 (“analgesia is
required”). Similarly, given all pain measurements as assessed by the clinician at 8 weeks were
zeros, and all pain measurements as assessed by the owner after 4 weeks were zeros, for data
analyses purposes, time measurements at 48 hours and 8 weeks were combined when evaluating
pain recorded by the clinician, and observations from weeks 4 to 8 were combined when
evaluating pain recorded by the owner.

The effect of treatment group on the probability of patients requiring analgesia (with pain
assessed by the clinician) was estimated in a generalized linear mixed effects model. Fixed
effects of treatment group (control vs treatment), time measurement (pre-op, 24 hours, 48 hours
to 8 weeks) and the two-way interaction between treatment group and time of measurement were
included. The outcome consisted of the probability of patients requiring analgesia (those with

pain scores equal or greater than 7, as per clinician’s assessment, compared to those with scores
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less than 7 (not requiring analgesia)). A binary distribution, logit link, Newton-Raphson
Optimization procedure, residual pseudolikelihood estimation, and Kenward Roger degrees of
freedom adjustment were fitted. A first-order autoregressive (ar(1)) covariance structure was
included to account for repeated measures. A Tukey’s P-value adjustment for multiple
comparisons was implemented.

Similarly, the effect of treatment group on the probability of patients requiring analgesia (with
pain assessed by the owner) was estimated in a generalized linear mixed effects model. Fixed
effects of treatment group (control vs treatment), time measurement (1 wk, 2 wks, 3 wks, and 4
to 8 weeks) and the two-way interaction between treatment group and time of measurement were
included. The outcome consisted of the probability of patients requiring analgesia (those with
pain scores equal or greater than 7, as per owner’s assessment, compared to those with scores
less than 7 (not requiring analgesia)). This model was fitted as described above.

An alpha level of 0.05 defines statistical significance.

Results

A total of 54 client-owned dogs completed the study. The overall mean (SD) for age was 5.54
(2.41) years old; age did not significantly (P = 0.18) vary by treatment group; the mean age was
6.03 years (2.54 years) for individuals in the treatment group and 5.14 years (2.27 years) for
individuals in the control group. Overall mean body weight was 35.17 kg (9.86 kg). There were
no statistically significant differences in body weight between treatment groups (P = 0.22); mean
body weight was 33.33 kg (8.39 kg) for individuals in the treatment group and 36.64 kg (10.81
kg) for patients in the control group. Thirty-one patients were spayed females, two were intact
females, and 21 were castrated males. There was a statistically significantly higher proportion of

castrated males (54.2%, 95% CI = 34.2 — 71.1%) than females in the treatment group, compared
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to the control group, where the proportion of castrated males was 26.7% (95 % Cl = 10.8 —
42.5%) (P = 0.04). The treatment PBMT group consisted of 24 patients and the control group
included 30 patients.

Percentage weight bearing and C-reactive protein

Descriptive statistics for CRP values and % weight bearing, overall, by treatment group, by time
measurement, and by both treatment group and time measurement are presented in Table 1.
Overall, the model-adjusted mean CRP values were considered normal pre-operatively on both
treatment and control groups, with its highest value at 24 hours, followed by a decrease at 48
hours post-surgery. The treatment-by-time interaction was not statistically significant (P = 0.21),
treatment group was not significant (P = 0.13), but CRP values significantly varied (P < 0.001)
by time measurement. Specifically, mean CRP values were statistically significantly higher at 24
hours than pre-operatively (P < 0.001), and compared to 8 weeks (P < 0.001), and mean CRP
values at 48 hours were statistically significantly higher than preoperatively (P < 0.001) and at 8
weeks (P <0.001) (Table 2)

As observed with CRP values, for model-adjusted mean % weight bearing, the treatment-by-time
interaction was not statistically significant (P = 0.26), treatment group was not significant (P =
0.78), but time measurement was significant (P < 0.001). Mean % weight bearing was
significantly higher preoperatively than at 48 hours (P = 0.04), and mean % weight bearing at 8
weeks was statistically significantly higher than at 24 hours (P < 0.001), and at 48 hours (P =

0.0001) (Table 3).

Pain scale based on clinician and owners’ evaluations.
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Table 1 (supplemental) include a frequency table of proportion (and %) of patients where
analgesia was required (pain scores > 7) as per clinician’s and owner’s assessments, by both
treatment group and time measurement.

When estimating model-adjusted mean percentage of patients when analgesia was required (for
those patients with pain scores equal or greater than 7), as per the clinician’s evaluation, the
treatment-by-time interaction was not statistically significant (P = 0.59), treatment group was not
statistically significant (P = 0.97), but time measurement was statistically significant (P = 0.03).
Mean percentage of patients when analgesia was required was statistically significantly higher at

24 hours post-operatively than at 48 hours or 8 weeks post-operatively (P = 0.04; Table 4).

For model-adjusted mean percentage of patients when analgesia was required (for those patients
with pain scores equal or greater than 7), as per the owner’s evaluation, the treatment-by-time
interaction was not statistically significant (P = 0.99), treatment group was not significant (P =
0.41) but time of measurement was statistically significant (P < 0.001). The mean percentage of
patients when analgesia was required was statistically significantly higher at 1 week compared to
4 weeks or greater (P =0.001), and at 2 weeks compared to 4 weeks or greater (P =0.01) (Table

).

Surgical site infections

There were 5 (5/30; 16.6%) patients with surgical site infections on the control group; four of
those patients had minor/superficial site infections who responded to one round of antibiotics.
One of the patients developed a major surgical site infection for which the TPLO plate had to be
removed 6 months after the surgery. There were no infections reported on the treatment group at

the moment of the study. The odds of patients experiencing surgical site infections in the control
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group were 6.08 times greater than the odds of patients experiencing surgical site infections in
the treatment group, however, this association was not statistically significant (OR (median

unbiased estimate) = 6.08; 95% CI = 0.78 - +Inf; P = 0.09).
Discussion

In the present study, we failed to reject our null hypothesis and no statistically significant
differences were found between treatment groups when evaluating gait analysis, C-reactive
protein, or pain scores evaluated by the clinician or the owners. These measurements, however,
significantly varied over time. Renwick et al. (2018),!! when evaluating the influence of PBMT
after TPLO surgery did not find differences between groups on osteotomy healing on a
radiographic scale, time cessation of NSAID, and wound healing by owner questionnaires. They
only found differences in terms of improvement in the gait section of the adjusted Canine

orthopedic Index (COI).1!

Results after PBMT are still controversial. Many of the published studies have been in-vitro or
have been experimental, making it harder to extrapolate results into meaningful clinical

outcomes.>8

As mentioned on the introduction the dosages recommended for PBMT to treat tissue in animals
ranges from 3 to 10 J/cm?.”® During this study we decided to follow the recommendations of the
manufacturer entering the specifications for each patient such as body weight, skin color, coat
color and the option short for the length of the fur. However, during the revision of the
administered doses to the patients the author found that all the patients received the same dose of
PBMT. The reason why the device decided to give the same dose for each patient remains

unknown.
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In the present study we rejected our null hypothesis while evaluating SSI between groups. 5
(16.6%) patients in the control group developed a surgical infection compared to no patients in
the treatment group. Based on the CDC guidelines, four of those patients developed a superficial
SSl infection where antibiotics were prescribed resolving clinical signs. One of those 5 patients
presented a deep SSI where the plate had to be removed 6 months after TPLO surgery. Upon
bacterial culture of the site and implant we were able to isolate Staphylococcus

Pseudointermedius.

SSI were analyzed in this study due to a historically high rate after TPLO surgery in several
reports. Surgical site infections rates after TPLO range from 2.9% up to 25.9%.* Theories about
the development of SSI after TPLO surgery include thermal bone necrosis, prolonged surgery,
and anesthesia times, micromotion at the osteotomy site, and limited soft tissue coverage.?*. If
we analyzed those theories, we could see that in general the probable cause of SSI is the
diminished or interruption of blood supply to the surgical site during the surgery or recovery
time. PBMT is purported to help reduce healing times photoactivating cellular mechanisms,
reducing edema, promoting fibroblast proliferation and collagen synthesis.?>2627 Therefore, it is
possible that PBMT minimized the risk of SSI. Although no statistically significant (or
borderline significant) differences were found on patients developing surgical site infections
between treatment groups, surgical site infections were only observed in patients in the control
group. Likely, significance was not achieved given the small effective sample size (n = 5);
nonetheless this finding is promising from a clinical and prognostic standpoint and warrants

further research.

No statistically significant changes were found when evaluating C-reactive protein (CRP)

between treatment groups; however, CRP significantly varied over time. CRP is an acute phase
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protein (APPs) that can be used as a marker of systemic inflammation. All the patients in the
study had a normal preoperative CRP between 0 to 1.0 mg/dL. To report the influence of CRP in
this study, preoperative values and postoperative values were taken. All the patients had a normal
preoperative CRP indicating that none of the patients had a significant systemic inflammation
that could affect the outcome of the surgery. The maximum value of CRP was at 24 hours after
surgery. CRP values started to decrease at 48 hours post-surgery. This behavior was first
reported by Lofgvist et al. (2018), where serum CRP was run in patients after TPLO and a
maximum peak was recorded at 24 hours after TPLO to then start declining. Patients who
maintained abnormal (higher) levels of CRP at 6 days post-surgery where consistent of having a
surgical site infection.® On a study in humans by Zwiri MA et al.2022, no statistically significant
differences were found on patients with temporomandibular disorder in the groups treated with
PBMT vs traditional conservative treatment such as diet and stress counseling and a hot towel

therapy.?’

Freitas et al. 2001, when evaluating the effect of 830nm LASER light using CRP levels did not
found any difference between treatment group and control groups after removing the lower

wisdom tooth.28

Based on the knowledge of the author (OCZ) there are no reports of PBMT and the evaluation of
CRP in Veterinary Medicine. Therefore, this may be the first study evaluating it, finding a lack

of significance in patients which are treated with PBMT after TPLO surgery.

While measuring % of weight bearing Rogatko et al,*® found that a single dose of preoperative
PBMT was associated with a statistically significant improvement in PVF for dogs undergoing

TPLO on the operated limb eight weeks postoperative. During the present study we did not find
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statistically significant difference while evaluating %WB between groups at the different times.
These results are similar than Kennedy et al, which showed not statistically significant
differences between LLLT group and the control group on PVF at 8 weeks after TPLO surgery.*°
During evaluation of pain by the clinician and by the owners no statistically significant
difference was found in our study similar at the same study from Kennedy et al, mentioned
above during the evaluation of pain using a modified Glasgow composite scoring system by the
clinician and the owners using the CBPI scale where no statistically significant difference was

found between groups.

Study limitations include the variability in surgical outcomes arising from several surgeons
performing the TPLO surgeries. Even though TPLO is a well-described and commonly
performed surgery, there are some differences on the surgical technique inherent to each
surgeon. Similarly, it is possible that misclassification of some of the outcomes occurred,
however, because the clinician (as well as the owners) conducting all measurements was blinded
to treatment allocation, bias would likely be non-differential. Schnidl et al. (2001), in a review of
low intensity laser studies, noted that one of the most common limitations in the literature is the
lack of double-blinded protocols.?® In our study, not only the clinician but the statistician was
completely blinded to minimize bias. Although this study involved only client-owned animals,
we consider this study group is representative of adult client-owned dogs elsewhere, as it

included dogs of different breeds, reproductive status, and ages (older than 1 year of age).

In conclusion, although not conclusive, PBMT may reduce surgical site infections after TPLO
surgery. The use of PBMT is still controversial as this study showed there are no significant
differences in outcomes between PBMT and control group after TPLO surgery. We reject our

null hypothesis finding not statistically significant differences when evaluating %WB, CRP or
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pain scale by owners and clinician. There is still a long path to show efficacy of PBMT on

clinical outcomes.
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536  Table 1 Descriptive statistics for CRP values and % weight bearing by both treatment
537  group and time of measurement.

538
Variable, Statistic Treatment group by time measurement
unit
Treatmen  Control  Treatmen  Control Treatmen  Control  Tr
t t t
Preoperative 24 hours 48 hours
CRP, mg/dL  Mean 0.48 0.29 7.03 7.30 6.75 6.60
Median 0.40 0.20 7.00 7.20 7.55 7.00
SD 0.34 1.14 1.75 1.67 1.95 2.05
Range 0.10-1.20  0.10-0.70  3.90-9.30  2.70-9.50 2.30-9.00 1.90-10.00 O.
Weight Mean 11.67 10.80 5.92 8.90 8.57 7.81
bearing, %  Median 12.00 10.50 3.50 9.50 7.00 8.00
SD 4.83 5.48 6.09 5.83 6.12 6.17
Range 0.00-20.00 2.00-22.00 0.00-23.00 0.00-22.00 0.00-21.00 1.00-26.00 1.C
539
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Table 2 Model-adjusted means (+/- SEM) for CRP values by treatment group and time of
measurement.

Treatment Time measurement
group Preoperative 24 hours 48 hours 8 weeks Overall
Treatment 0.38 (1.11) 6.80 (1.10) 6.40 (1.11) 0.27 (1.12) 1.45 (1.05)
Control 0.27 (1.10) 7.06 (1.10)  6.21(1.10)  0.25(1.11) 1.30 (1.05)
Overall 0.32 (10.7)*  6.93(1.07)°  6.30(1.07)®  0.26 (1.08)

Linear mixed model included fixed effects for treatment group (P = 0.13), time measurement (P < 0.001), and the
treatment group-by-time measurement interaction (P = 0.21), and an unstructured covariance structure to account for
repeated measures. Means with different superscripts indicate significant differences (comparisons between

columns).

Table 3 Model-adjusted % weight bearing (+/- SEM) by treatment group and time of
measurement.

Treatment Time measurement
group Preoperative 24 hours 48 hours 8 weeks Overall
Treatment 12.17 (1.34) 7.10 (1.13)  8.96 (1.20) 13.65 (1.41) 10.18 (0.65)
Control 10.80 (1.11) 9.89 (1.13) 7.82 (1.02) 7.82 (1.02) 11.62 (0.58)
Overall 11.47 (0.87)ac  8.39(0.82), 8.37(0.78)ap  13.83 (0.97)c

Generalized linear mixed model (beta distribution and logit link) included fixed effects for treatment group (P =
0.78), time (P < 0.001), and the treatment-by-time interaction (P = 0.26), and an unstructured covariance structure to
account for repeated measures. Means with different superscripts indicate significant differences (comparisons

between columns)
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Table 4 Model adjusted mean percentage (+/- SEM) of patients when analgesia was
required (pain scores > 7) as per clinician’s assessment by treatment group and time
measurement.

Treatment Time measurement
group Preoperative 24 hours 48 hours & 8 weeks Overall
Treatment 4.17 (4.14) 20.83 (8.41) 6.68 (3.72) 8.56 (3.39)
Control 10.00 (5.55) 16.67 (6.90) 3.79 (2.62) 8.73 (2.84)
Overall 6.50 (3.66)* 18.66 (5.40)? 5.04 (2.24)°

Generalized linear mixed model (binary distribution and logit link)included fixed effects for treatment group (P =
0.97), time (P = 0.03) and the treatment-by-time interaction (P = 0.59), and an ar(1) covariance structure to account
for repeated measures. Means with different superscripts indicate significant differences (comparisons between

columns).

Table 5 Model adjusted mean percentage (+/- SEM) of patients when analgesia was
required (pain scores > 7) as per owner’s assessment by treatment group and time
measurement.

Treatment Time measurement
group 1-wk 2-wk 3-wk > 4-wk Overall
Treatment 16.67 (8.89)  11.11 (7.50) 5.56 (5.46) 1.12(1.13)  6.01 (2.49)
Control 26.92 (8.80) 16.00 (7.42) 8.00 (5.49) 1.61(1.14)  9.09 (2.60)
Overall 21.35(6.56)*  13.37 (5.43)? 6.68 (3.99)% 1.35 (0.83)°

Generalized linear mixed model included fixed effects for treatment group (P = 0.41), time (P < 0.001) and the
treatment-by-time interaction (P = 0.99), and an ar(1) covariance structure to account for repeated measures.. Means

with different superscripts indicate significant differences (comparisons between columns).
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