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Summary
Objectives: To evaluate the influence of pre-
operative low-level laser therapy (LLLT) on 
therapeutic outcomes of dogs undergoing 
 tibial plateau levelling osteotomy (TPLO).
Methods: Healthy dogs undergoing TPLO 
were randomly assigned to receive either a 
single preoperative LLLT treatment (800–900 
nm dual wavelength, 6 W, 3.5 J/cm2, 100 cm2 
area) or a sham treatment. Lameness assess-
ment and response to manipulation, as well 
as force plate analysis, were performed pre-
operatively, then again at 24 hours, two 
weeks, and eight weeks postoperatively. 
Radiographic signs of healing of the osteo-
tomy were assessed at eight weeks postoper-
atively. 

Results: Twenty-seven dogs (27 stifles) were 
included and no major complications oc-
curred. At eight weeks postoperatively, a sig-
nificant difference in peak vertical force analy-
sis was noted between the LLLT (39.6% ± 
4.7%) and sham groups (28.9% ± 2.6%), 
(p <0.01 Time, p <0.01 L). There were no sig-
nificant differences noted between groups for 
all other parameters. The age of dogs in the 
LLLT group (6.6 ± 1.6 years) was greater than 
that for the sham group (4.5 ± 2.0, p <0.01). 
Although not significant, a greater proportion 
of LLLT dogs (5/8) had healed at the eight-
week time point than in the sham group 
(3/12) despite the age difference (p = 0.11) 
Clinical significance: The results of this study 
demonstrate that improved peak vertical force 
could be related to the preoperative use of 
LLLT for dogs undergoing TPLO at eight weeks 
postoperatively. The use of LLLT may improve 
postoperative return to function following ca-
nine osteotomies and its use is recommended.
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Original Research

Introduction
Cranial cruciate ligament disease is the 
most commonly diagnosed stifle injury in 
dogs and is frequently surgically treated by 
tibial plateau levelling osteotomy (TPLO) 
(1, 2). Despite surgical correction, persist-
ent lameness, muscle atrophy, and poor 
limb function may persist and current 
therapeutic recommendations favour early 
return to activity (3, 4). Low-level laser 
therapy (LLLT) is a laser treatment in 
which the energy output is low enough that 
the temperature of the treated tissue does 
not rise above the range of normal body 
temperature, and is thought to act via 
photobiomodulation to increase levels of 
intracellular adenosine triphosphate (ATP) 
(5–7). Low-level laser therapy is often rec-
ommended by veterinary and human 
physical therapists for clinical applications, 
such as an earlier return to function post-
operatively (8–10). It is estimated that 20% 
of veterinary hospitals in North America 
are using therapeutic lasers (8).

The preoperative use of LLLT is based 
on the concept of surgical preconditioning 
where pre-treating tissue with low levels of 
a stress inducing stimulus induces a protec-
tive response and reduces damage caused 
by surgery (7, 11–15). In human studies, 
preconditioning with LLLT for surgery has 
been shown to decrease inflammation, and 
increase analgesia, vascularization, and tis-
sue healing (7, 11–15). Increased cell sur-
vival rates and decreased apoptosis have 
also been demonstrated (7, 11–15). Low-
level laser therapy is a safe, non-mutagenic, 
and non-invasive adjunctive therapy (16). 
The exact mechanism of LLLT is not fully 
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understood and significant controversy re-
mains over efficacy (17). However, many 
research models show benefits of LLLT in 
anti-inflammatory, analgesic, and bio-
modulatory effects, promoting an increase 
in local microcirculation and increasing 
the speed of healing of bone and other tis-
sues (16, 18–21). Low-level laser therapy 
has been shown to increase ATP produc-
tion within cells in vitro and in vivo 
(22–23). Increased ATP content in skeletal 
muscle tissue suggests that more energy 
may be available for all metabolic processes 
(24). 

Draper and colleagues’ prospective study 
of 36 dogs with acute intervertebral disc her-
niation showed that postoperative LLLT for 
five days reduced the time to ambulation in 
dogs following hemilaminectomy from a 
median of 14 to 3.5 days (6). Low-level laser 
therapy was performed using a laser array 
with five 200 mW, 810 nm wavelength lasers 
transcutaneously delivering 25,000 mW/
cm2 to the skin once daily for five days, 
which delivered an approximate energy 
density (2 to 8 J/cm2) to the spinal cord (6). 
In contrast, Kurach and colleagues’ prospec-
tive study of the use of LLLT for acute 
wound healing in 10 healthy dogs showed 
no apparent benefits with the use of a dual 
diode laser (7.5 mW/diode) at 635 nm and a 
total energy density of 1.125 J/cm2 applied 
three times weekly for 32 days (17).

Santiago and colleagues used LLLT both 
pre- and postoperatively to assess the effect 
of LLLT on bone repair after expansion of 
the midpalatal suture in dogs, and found 
that LLLT contributed to suture reorganiz-
ation and palatal bone osteogenesis during 
and after expansion (16). Dogs were 
treated with 20 doses of laser therapy every 
48 hours pre- and post-expansion for a 
total of 39 days, using an energy density of 
90 to 120 J/cm2 with a wavelength of 790 to 
904 nm (16). 

In light of the reported biostimulatory 
effects of LLLT, we chose to employ this 
modality on dogs undergoing TPLO sur-
gery for the treatment of cranial cruciate 
ligament rupture. The TPLO provides a 
relatively standardized technique allowing 
the study of the efficacy of LLLT in a clini-
cal setting. 

The purpose of this study was to evalu-
ate therapeutic outcomes of preoperative 

LLLT in dogs undergoing TPLO for nat-
urally occurring cranial cruciate disease in 
a blinded, prospective, randomized clinical 
trial. Our null hypothesis was that there 
would be no significant difference in post-
operative lameness, response to manipu-
lation, force plate analysis, or radiographic 
signs of bone healing of the tibial osteo -
tomy in dogs receiving a single preoper-
ative dose of LLLT using a gallium-alumin-
ium-arsenium laser (800–900 nm dual 
wavelength, 6 W, 3.5 J/cm2, 100 cm2 area), 
immediately prior to TPLO when com-
pared to a sham treatment.

Material and methods

This study was designed as a randomized, 
blinded, prospective clinical study of client-
owned dogs that were presented for surgi-
cal treatment of naturally occurring cranial 
cruciate disease. The research protocol 
used and described by this study was ap-
proved by the Institutional Animal Care 
and Use Committee at Oregon State Uni-
versity, and owner consent was obtained 
prior to each dog’s enrolment into the 
study.

Systemically healthy client-owned dogs 
(n = 27) that underwent TPLO were ran-
domly assigned to receive either LLLT with 
a gallium-aluminium-arsenium laser 
(800–900 nm dual wavelength, 6 W, 3.5 
J/cm2, 100 cm2 area) preoperatively or a 
sham treatment. The LLLT or sham treat-
ment was administered to the proximo-
medial region of the tibia immediately pre-
operatively while dogs were anaesthetized, 
prior to the TPLO procedure. Assessment 
of lameness, movement, behaviour, and re-
sponse to manipulation, as well as force 
plate analysis (peak vertical force [PVF] 
and vertical impulse [VI]) were performed 
preoperatively, and at 24 hours, two weeks, 
and eight weeks postoperatively. Radio-
graphic signs of healing of the osteotomy 
were assessed eight weeks postoperatively. 

Animals

A preoperative diagnosis of cranial cruciate 
ligament disease was made based on pres-
ence of palpable stifle pathology including 
effusion, cranial drawer, and tibial thrust. 

Once admitted, dogs were randomly as-
signed by coin toss to one of the following 
groups: LLLT (n = 12) or sham (n = 15). 
Both the veterinary surgeon and the owner 
were blinded to the treatment assignments. 

Dogs were excluded from the study if 
preoperative abnormalities were detected 
in the results of a haematology or serum 
chemistry bioanalyses, if they had any pre-
vious surgery on the same stifle, if they had 
any additional orthopaedic pathology on 
the same limb that required treatment 
(such as patellar luxation), or if they were 
skeletally immature. Lack of osteotomy 
compression, or abnormal tibial con-
formation requiring frontal or transverse 
plane correction resulting in an osteotomy 
gap were exclusion criteria for this study as 
well as any concurrent or previous history 
of immune-mediated joint disease, patellar 
luxation, osteochondrosis dissecans, or 
fracture of the distal femur or proximal 
tibia in the pelvic limbs. Tibial plateau 
angle, sex, age, and breed were not factors 
for exclusion in the study. Potential con-
founders were assessed and these included 
age, sex, breed, body weight, body condi-
tion score, meniscal surgery, tibial plateau 
angle, radiographic osteoarthritis score, 
and development of contralateral cruciate 
ligament disease.

Laser and surgical treatment

Dogs were pre-medicated and anaesthe-
tized following standard protocols used by 
the anaesthesia service at the hospital. A 
preoperative intravenous injection of cefa-
zolina (22 mg/kg) was administered to all 
animals followed by the same dose every 90 
minutes during the procedure. 

The dogs underwent LLLT or sham 
while under general anaesthesia, immedi-
ately prior to surgery. The sham group 
was subjected to movement of the laser in 
the same fashion, but with the unit in the 
off position. The limb was routinely 
clipped and the LLLT group was irradiat-
ed with a galinium-aluminium-arsenium 
laserb, at continuous wavelength at 3 watts 
for 30 seconds, then 2 hz at 4 watts for 45 

a  Cefazolin: Apotex Corp, Weston, FL, USA
b  K-series 1200: K-Laser, Franklin, TN, USA
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seconds, then at 5 hz at 4 watts for 30 sec-
onds, then at 10 hz at 3 watts for 45 sec-
onds, then at 500 hz at 3 watts for 30 sec-
onds. The laser had a dual wavelength of 
800 nm and 970 nm, 6 W for a unified 
dose of 3.5 J/cm2 administered over a 100 
cm2 area on the medial aspect of the 
proximal tibia of the limb undergoing 
TPLO surgery (25–27).

A previously described surgical protocol 
for stifle arthroscopy and TPLO was per-
formed by an ACVS diplomate or by a sur-
gical resident under the supervision of an 
ACVS diplomate immediately following 
LLLT or sham. The stifle was examined 
with a 4.0 mm, 30° fore-oblique arthro -
scopec as previously described (28). Pro-
bing was performed (29). Remnants of the 
cranial cruciate ligament arthroscopically 
removed. The menisci were also examined 
and torn tissue was removed with a combi-
nation of sharp dissection and shaver 
 debridement using a motorized tissue 
 shaverd. A partial meniscectomy was per-
formed to remove damaged tissue if pres-
ent. No meniscal release or treatment was 
performed if the meniscus was intact. The 
TPLO was performed via a medial ap-
proach to the proximal tibia using pre-
viously described techniques with the aid 
of a jig (30). All dogs had the tendons of in-
sertion of the gracilis, sartorius, and semi-
tendinosus muscles elevated from the 
proximo-medial tibia prior to curvilinear 
osteotomy; then, following plateau rotation 
and bone plate fixation, the tendons of in-
sertion were sutured back to their common 
insertion superficial to the bone plate, as 
previously reported (30). The curvilinear 
osteotomy blade was cooled by irrigation 
with sterile saline while in contact with the 
bone in all dogs. The osteotomy was se-
cured with a 3.5 mm TPLO platee selected 
at the surgeon’s discretion. Non-locking 3.5 
mm plates with 3.5 mm screwsf were used 
in both groups.

The tibial plateau angle was measured 
for surgical planning and immediately after 
surgery. 

Postoperative care

Pain following surgery was controlled 
using an injectable opioid for 12–24 hours. 
Administration of tramadol (3 mg/kg by 
mouth every 12 hours for 14 days) and car-
profen (2.2 mg/kg by mouth every 12 hours 
for 14 days) was started the morning after 
surgery for all dogs in the study. Cryother-
apy (5 minutes every 4 hours for 24 hours) 
was also performed. None of the dogs were 
treated with non-steroidal anti-inflamma-
tory drugs or corticosteroid medications 
following the 14th postoperative day until 
the eight week radiographic evaluation.

Outcome assessment

Postoperative radiographic 
 evaluation
Following the surgical procedure, caudo-
cranial and mediolateral digital radio-
graphic views centred on the stifle were 
performed in all animals while still under 
general anaesthesia. Radiographs were re-
peated at eight weeks after surgery under 
heavy sedation (butorphanolg at 0.1 mg/kg 
and dexmedetomidineh at 5 mcg/kg ad-
ministered intravenously) and the same ex-
posure settings, beam, and limb position 
were used for all radiographs of a single pa-
tient.

Radiographic signs of healing of the os-
teotomy site were assessed at eight weeks 
postoperatively by both a diplomate of the 
American College of Veterinary Surgeons 
(WIB) and a diplomate of the American 
College of Veterinary Radiologists, as 
either healed or not healed. All assessments 
were made with the assessor blinded to the 
treatment group assigned to each dog. 
Complete agreement was found between 
the two assessors for all dogs. A healed site 
was defined as a complete iso-opaque 
bridging bone callus connecting the two 
cortices (31). The osteo arthritis scale em-
ployed was modified from human and ca-

nine osteoarthritis grading scales described 
previously in the literature (32–34). The 
scale used combined findings from the 
radiographs to describe the following grad-
ing scale: 0 = no evidence of joint effusion, 
osteophytosis, intra-articular mineraliz-
ation or subchondral bone sclerosis; 1 = 
joint effusion present, loss or degeneration 
of articular cartilage; 2 = joint effusion and 
subchondral bone sclerosis present, mini-
mal to mild osteophytosis; 3 = moderate to 
severe osteophytosis, intra- articular min-
eralization present or both; and 4 = appear-
ance of subchondral cysts. Each parameter 
was assigned a grade between 0 and 3 (0 = 
normal, 1 = mild, 2 = moderate, 3 = se-
vere). A score of 4 was not used in any of 
the dogs in the study since none had radio-
graphic evidence of subchondral bone 
cysts. A median score was assigned to each 
dog calculated from the scores provided 
(32–34).

Lameness, movement, behaviour, 
and response to manipulation 
 assessment

Dogs were assessed by a board certified 
veterinary surgeon or a surgical resident 
under the supervision of an ACVS diplo-
mate prior to surgery, then at 24 hours, two 
weeks, and eight weeks postoperatively and 
scored according to the degree of lameness. 
Lameness scoring was quantified as fol-
lows: 0 = stands and walks normally; 1 = 
stands normally, slight lameness when 
walking; 2 = stands normally, obvious 
lameness when walking; 3 = stands ab-
normally, slight to obvious lameness when 
walking; and 4 = non-weight bearing lame-
ness. This was based on a modified lame-
ness scoring system developed by Cross 
and colleagues (35).

Behaviour and response to manipu-
lation were also recorded on the above 
days. Behaviour scoring was quantified as 
follows: 0 = asleep or calm; 1 = mild agi-
tation; 2 = moderate agitation; 3 = severe 
agitation. In addition, response to manipu-
lation was scored as follows: 0 = no re-
sponse; 1 = minimal response, moves head; 
2 = minimal response, tries to move away; 
and 3 = strong response, tries to bite. This 
was based on a modified pain scale from 
Pibarot and colleagues (36).

c  Stryker Inc., Kalamazoo, MI, USA
d  Total Performance SystemTM Shaver: Stryker Inc., 

Kalamazoo, MI, USA
e  Selected plate was one of the following: Everost 

Delta TPLO plates: Everost, Sturbridge, MA, USA; 
or Securos TPLO plate: Securos Surgical, Fiskdale, 
MA, USA

f  3.5 mm cortical screws: DePuy Synthes VET, West 
Chester, PA, USA

g  Torbugesic: Zoetis, Florham Park, NJ, USA
h  Dexdomitor: Zoetis, Florham Park, NJ, USA
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Force plate gait analysis

To analyse gait, dogs were walked across a 
2 m long pressure mat systemi connected to 
a desktop computerj on the same days they 
were evaluated by the surgeon (the day 
prior to surgery, then 24 hours, 2 weeks, 
and 8 weeks postoperatively). Data were 
collected at a walk (1.5–1.8 m/s) with an 
acceleration of ± 0.5 m/s2. Five foot falls 
each from the cranial cruciate ligament-
deficient and unaffected pelvic limbs were 
analysed. The pressure exerted by each 
limb was recorded as PVF (%BW), and VI 
(%BW × sec) for the affected and contralat-
eral limbs, then calculated from the 
measurements using software designed for 
the systemi, where BW was body weight in 
kilograms.

Statistical analysis

Statistical analyses were performed. Data 
were first analysed using mixed linear 
models to assess the effects of treatment 
(affected versus unaffected limb), time 
post-treatment, and the interaction (if 
any) between treatment and time. Re-
peated measures analysis of variance 
(ANOVA) followed by Tukey’s honest sig-
nificant difference test was used to assess 
between-time point changes for PVF and 
VI.

Data for veterinary assessment and 
lameness score, and a Canine Brief Pain In-
ventory assessment were analysed using 
statistical softwarek to test for normality 
with the D’Agostino & Pearson omnibus 
normality test. Data were then analysed 
with a repeated measures ANOVA fol-
lowed by Dunnett’s multiple comparison 
post-test to compare time points to pre-
treatment data. For all statistical analyses, a 
calculated value of p <0.05 was set as the 
threshold for statistical significance. All re-
sults are reported as mean ± standard devi-
ation except for the radiographic OA scores 
which are reported as the median and 
range.

Results
Twenty-seven stifles from 27 dogs were in-
cluded in the study (LLLT group n = 12, 
sham group n = 15). Three dogs in the laser 
group were lost to follow-up and did not 
return at eight weeks postoperatively. A 
tear of the cranial cruciate ligament was 
confirmed during surgery in all dogs. 
There were no major complications during 
the study that required additional surgery 
and none of the dogs developed a contra-
lateral cranial cruciate ligament tear in the 
eight weeks following surgery. All osteo -
tomies healed uneventfully. The body 

weight (mean ± SD) of the LLLT group 
(35.0 ± 10.9 kg) and the sham group (39.3 
± 13.5 kg) were not significantly different 
(p = 0.44). Body condition scores were also 
similar in the LLLT group (6.25 ± 0.8,) and 
the sham group (6.34 ± 1.1) (p = 0.96). In 
the LLLT group, five dogs were spayed fe-
males and seven were neutered males. In 
the sham group, four dogs were spayed fe-
males, two dogs were intact females, and 
nine of the sham dogs were neutered males. 
There were no significant differences in the 
distribution of sexes between the groups (p 
= 0.42). Breeds in the LLLT group included 
three Labrador Retrievers, a Golden Re-

Figure 1 Bar graph of peak vertical force over time for dogs in each treatment group (Laser = pre -
operative low level laser therapy, Sham = no laser treatment). Weight bearing was assessed by the per-
centage of body weight transferred to the limb over time following tibial plateau levelling osteotomy 
surgery and was significantly improved (p <0.01) in dogs that received one preoperative laser treatment 
over sham dogs that had surgery alone at eight weeks postoperatively, and was not significantly differ-
ent at all other time points (p >0.05). hrs = hours; preop = preoperative.

Figure 2  
Bar graph of vertical 
impulse (VI) (percen-
tage body weight × 
seconds) over time for 
dogs in each treat-
ment group. Vertical 
impulse was not 
 significantly (p >0.05) 
different between 
groups, however both 
groups increased over 
time (p <0.05). hrs = 
hours; preop = preop-
erative.

i  High Resolution Mat: Tekscan, Inc, San Diego, CA, 
USA

j  Gateway Pentium: Gateway Inc., Irvine, CA, USA
k  Prism 5.0: GraphPad Software, Inc., La Jolla, Ca, 

USA
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eral or medial meniscus requiring a partial 
or complete meniscectomy on arthroscopic 
evaluation in the LLLT group (n = 8) and 
the sham group (n = 9), did not differ sig-
nificantly between groups (p = 0.19). The 
preoperative tibial plateau angle preoper-
atively was not significantly different be-
tween the LLLT (27.6 ± 3.02) and sham 
(23.5 ± 4.1). Both groups had a significant 
(p <0.0001) reduction in the tibial plateau 
angle immediately (LLLT 7.3 ± 3.3 and 
sham 8.0 ± 3.9) and at eight weeks postop-
eratively (LLLT 10.6 ± 5.5 and sham 9.1 ± 
3.9), however the two groups had a similar 
tibial plateau angle at each time point. The 
osteoarthritis score was similar between 
groups and over time with no significant 
differences identified (p = 0.28, two-way 
ANOVA). For the LLLT group, the amount 
of osteoarthritis present on radiographs 
was scored as 1 (range: 0–3 prior to sur-
gery) and 1.25 (range: 1–3) at eight weeks 
following surgery. The preoperative score 
for the sham group (median, range) was 2 
(range: 1–3) and at eight weeks postoper-
atively was 1.5 (range: 1–2.5). 

Gait analysis 

Preoperative PVF (%BW) and VI (%BW × 
sec) analysis results were not significantly 
different between the two groups. See 
▶ Figure 1 and the ▶ Appendix Table 
(Available online at www.vcot- online.com). 

At twenty-four hours and two weeks 
postoperatively, the PVF and VI were not 
significantly different between groups. 
The eight week postoperative PVF was 
significantly different between the LLLT 
(39.6% ± 4.7%) and the sham (28.9% ± 
2.6%) groups (p <0.01 Time, p <0.01 laser 
treatment or sham) (▶ Figure 1). Eight 
weeks postoperatively, there was no sig-
nificant difference for VI between the 
groups (p <0.05 Time, p >0.05 laser treat-
ment or sham). See ▶ Figure 2 and the 
▶ Appendix Table (Available online at 
www.vcot-online.com).

Bone healing

At eight weeks postoperatively, the propor-
tion of stifles with radiographic signs of os-
teotomy healing in the LLLT (5/8) and the 
sham group (3/12) was not significantly 

Rottweiler, and four mixed breed dogs. Age 
of the dogs at the time of surgery in the 
LLLT group (6.6 ± 1.6 years) was signifi-
cantly older than in the sham group (4.5 ± 
2.0 years) (p <0.01).

The number of stifle joints with menis-
cal pathology, defined as damage to the lat-

C. P. Rogatko et al.: Preoperative low level laser therapy in TPLO

triever, a Rottweiler, a Staffordshire Bull 
Terrier, a Pembroke Welsh Corgi, and five 
mixed breed dogs. Breeds present in the 
sham group included three Labrador Re-
trievers, an Australian Shepherd, a Golden 
Retriever, a German Wirehaired Terrier, an 
Akbash, a Pitbull, a Weimaraner, a Boxer, a 

Figure 3 Lameness scores prior to and following tibial plateau levelling osteotomy surgery in each 
treatment group: Laser = preoperative low level laser therapy, Sham = no laser treatment. There was a 
trend toward decreasing lameness in dogs that received preoperative Laser, however it did not reach 
 significance (p >0.05). Lameness scoring was quantified as follows: 0 = stands and walks normally; 1 = 
stands normally, slight lameness when walking; 2 = stands normally, obvious lameness when walking; 
3 = stands abnormally, slight to obvious lameness when walking; 4 = non-weight bearing lameness. 
This was based on a modified lameness scoring system developed by Cross and colleagues (35). 
hr = hour; preop = preoperative; wk = week. 

Figure 4 Assessment of behaviour was characterized by the frequency of movement of the dogs in 
each group (Laser versus Sham). Movement scoring was quantified as follows: 0 = asleep or calm; 1 = 
regular change of position; 2 = uncomfortable with constant movement and unrest. No significant 
 difference was identified between the two treatment groups at each of the time points (p >0.05). (Taken 
from y-axis labelling: 0 = calm; 2 = uncomfortable, continuous). Laser = low level laser therapy preoper-
atively, Sham = no laser treatment preoperatively. hr = hour; preop = preoperative; wk = week. 
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different (p = 0.11) (▶ Appendix Table, 
available online at www.vcot-online.com).

Lameness, movement, behaviour, 
and manipulation scores

There was no significant difference in 
lameness scores between the LLLT and 
sham groups preoperatively or at eight 
weeks postoperatively (p >0.05, ▶ Figure 
3). The differences beect of LLLT preoper-
atively administered to clinical canine pa-
tients undergoing TPLO surgery. A single 
dose of preoperative LLLT was associated 
with a significant improvement in PVF for 
dogs undergoing TPLO on the operated 
limb eight weeks postoperatively. Thus, we 
were able to reject our null hypothesis that 
a single preoperative dose of LLLT using a 
gallium-aluminium- arsenium laser, 4 
J/cm2, does not produce significant effects 
on the gait and radiographic signs of bone 
healing in dogs following TPLO. Ground 
reaction forces are considered the gold 
standard for objective assessment of limb 
function in dogs (37). Measurement of 
PVF (maximum load placed on the ground 
during the stance phase) and the VI (the 
area under the curve if the entire stance 
phase) has been shown to have good corre-
lation to limb function (38–41). Peak verti-
cal force has been shown to be the single 
most accurate ground reaction force for 
kinetic pelvic limb lameness evaluation in 
dogs (37, 42, 43). 

The results of this study support LLLT 
as a means to improve postoperative limb 
use. Early return of dynamic stability has 
shown significant benefit in promoting a 
more complete return to function, reduc-
tion in ongoing pain, and prevention of re-
injury without a compromise in stability 
(44, 45). However, further studies are 
necessary to determine the ideal LLLT 
protocol and to elucidate the exact mech-
anism of action of LLLT, potentially via de-
creased pain and inflammation, or by ex-
pediting tissue healing. Reducing pain and 
swelling following anterior cruciate liga-
ment surgery in people leads to an im-
proved range of motion and quadriceps 
function, and reduces the risk of limited 
range of motion and contracture, which 
could cause gait abnormalities and delay 
healing; all of which are also goals in ca-

nine cranial cruciate ligament surgery 
(46).

There were not any significant differ-
ences between the groups in lameness, be-
haviour and response to manipulation 
scores, however these are subjective 
measurements. Studies have shown that 
subjective scoring scales do not re-
place force plate gait analysis and that 
agreement between force plate and subjec-
tive scales is low unless lameness is severe 
(45).

Investigations of the effects of LLLT in 
the context of bone repair have been in-
creasingly reported within the literature. 
Studies have shown positive influences of 

LLLT on osteoblast proliferation and bone 
formation (16, 47). The lack of significant 
effect on osteotomy healing was probably 
due to the small numbers of animals in 
each group and the age difference between 
the two groups. The younger population of 
dogs in the sham group would have been 
expected to have a greater proportion of 
osteotomies healed at eight weeks com-
pared to the older LLLT group of dogs. Our 
definition of a healed tibial osteotomy site 
as a complete iso-opaque bridging bone 
callus connecting the two cortices, is a scale 
that is not specific or validated for TPLO 
(31). The use of a five- or 10-point radio-
graphic scoring system developed to evalu-

Figure 5  
Behaviour scores of 
the two treatment 
groups over time. 
Dogs’ behaviour 
scores were assigned 
as the following: 0 = 
asleep or calm, 1 = 
mild agitation, 2 = 
moderate agitation, 3 
= severe agitation. 
Scores for both groups 
decreased over time, 
however no significant 
difference was ident-
ified between the 
groups (p >0.05). hr = 
hour; preop = preoper-
atively; wk = week. 

Figure 6 Response of the dogs to manipulation of the affected stifle joint was assessed at each time 
point and was scored as follows: 0 = no response; 1 = minimal response, moves head; 2 = minimal 
 response, tries to move away; 3 = strong response, tries to bite. No significant difference was found 
 between the treatment groups, p >0.05. hr = hour; preop = preoperatively; wk = week. 
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ate bone healing specifically following 
TPLO surgery as described by Kieves and 
colleagues may have been more sensitive to 
differences in radiographic healing (48). In 
addition, a larger study with greater 
numbers of dogs in the same age range is 
indicated to determine the effect of LLLT 
on tibial bone healing. Wavelength is an 
important factor, which relates to pen-
etration of laser light through biological 
tissue (49). The greatest stimulatory effects 
of LLLT would be a wavelength that pen-
etrates to the desired level of tissue to 
stimulate increased ATP synthesis. Dis-
crepancies in protocols using LLLT can 
profoundly affect the results, as seen with 
significant improvement in dogs treated by 
LLLT after spinal surgery, as compared to 
no improvement in wound healing in dogs 
in another study (6, 17). Additional studies 
attempting to standardize dose and wave-
length may be beneficial. 

The protocol used was the one recom-
mended by the laser manufacturer and has 
been shown in previous studies of pre-in-
jury LLLT to have an effect on tissue re-
sponse to injury (2–5 J/cm2) (25–27). It is 
possible that a different protocol for the ad-
ministration of LLLT in the treatment 
group, such as a greater number of treat-
ments could result in greater beneficial ef-
fects. A longer follow-up period may have 
yielded additional significant differences 
between groups. The use of LLLT in the 
early stages of tissue healing versus LLLT 
over a certain period could have different 
amounts of effectiveness. The dual wave-
length and alternating frequency used in 
this study may have allowed for greater 
biostimulation of osteoblasts and fibrob-
lasts resulting in accelerated healing, but 
further research is needed before claims 
such as this can be made. 

Low-level laser therapy has been shown 
to reduce pain and affect all three basic 
phases of wound healing (inflammation, 
proliferation, and maturation), resulting in 
increased wound tensile strength and im-
proved microcirculation (50–55). Low-
level laser therapy may selectively target 
nerve fibres conducting at slower velocities, 
such as nociceptors (54). Clinically, LLLT 
may be of benefit for control of postoper-
ative pain, however this was not assessed 
and is a limitation of the study. Healing of 
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