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aBstract

Objective: This study was designed to evaluate the 
short-term efficacy of low-level laser therapy (LLLT) 
for improving pain and function in patients with knee 
osteoarthritis. Methods: Forty-seven patients with 
knee osteoarthritis (79 knees), of both genders, par-
ticipated in this randomized controlled double-blind 
clinical trial. They were randomly allocated to two 
groups: laser group with 25 patients (41 knees) and 
placebo group with 22 patients (38 knees). LLLT was 
performed three times a week, totaling nine sessions, 
using a AsGa 904 nm laser with mean power of 60 
mW and beam area of 0.5 cm2. Nine points were ir-
radiated on the knee, with energy of 3.0 J/point. The 
placebo group was treated with the same laser device, 
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but with a sealed probe. Evaluations using Lequesne, 
visual numerical scale (VNS), Timed Up and Go (TUG), 
goniometry and dynamometry were conducted before the 
treatment started and after the nine sessions of LLLT. Re-
sults: A significant improvement in pain and function was 
found in all the assessments applied to the laser group. 
On comparing the laser group with the placebo group, 
significant differences were found in the VNS-resting 
and Lequesne evaluations. Conclusion: Treatment with 
LLLT improves pain and function over the short term in 
patients with knee osteoarthritis. 

Keywords – Laser Therapy, Low-Level; Osteoarthritis, Knee; 
Exercise Therapy 

introdUction

Osteoarthritis (OA) is a chronic multifactorial 
disease that leads to a state of osteochondral 
insufficiency, in which mechanical overload is 
one of the main factors predisposing towards 
osteoarticular lesions. The current concept 
maintains that OA involves the entire joint 
complex, including the subchondral bone, menisci, 

ligaments, periarticular muscles, capsule and 
synovium(1,2). 

Many factors may be involves in the etiology 
of OA, such as age, female gender, genetic 
predisposition, morphological joint abnormalities, 
obesity, repetitive trauma relating to occupational 
tasks, post-trauma factors, mechanical stress, joint 
instability generated through displaced alignment, 
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flaccidity or hypotrophy of joint stabilization 
elements, and metabolic and endocrine factors(3,4). 

The current therapeutic strategies aim 
essentially towards pain control, joint function 
improvement and patient reeducation to minimize 
the functional incapacity. The recommended 
treatment should follow an order that consists 
firstly of non-pharmacological treatment, followed 
by pharmacological therapy and then, if necessary, 
a surgical procedure(2,5). Most international 
clinical guidelines advocate therapeutic exercises 
as fundamental for rehabilitation of patients with 
knee OA, and exercises are also effective for 
treating chronic joint pain(6,7). 

In addition to kinesiotherapy, certain physical 
methods such as ultrasound, shortwave, 
transcutaneous electrical nerve stimulation 
(TENS) and low-level laser therapy (LLLT) have 
been used with analgesic and anti-inflammatory 
aims(8-10). These methods are important because 
they attempt to reduce or avoid the side effects 
caused by medications, given that use of 
medications in OA cases implies an increasing 
risk of hospitalization due to gastrointestinal or 
cardiovascular disorders(11). 

LLLT consists of a monochromatic light 
source without any thermal effect that stimulates 
reparative properties in human cartilage. 
Moreover, it has an analgesic effect, although 
the mechanisms through which this occurs 
remain uncertain. The suggested mechanisms 
include: increased mitochondrial ATP and tissue 
oxygenation, increased levels of neurotransmitters 
implicated in pain modulation (such as serotonin) 
and anti-inflammatory effects(5,12).

One topic that has been much discussed in the 
literature is the LLLT dose that should be used for 
treating knee OA, given that while some authors 
have found good results through applying LLLT, 
others have not. Hence, controversy surrounds 
its clinical efficacy and further studies become 
necessary(9,13-15).

The aim of the present study was to assess the 
short-term efficacy of LLLT for pain alleviation 
and functional improvement among patients with 
knee OA. 

sample and methods

This study was a double-blind, placebo-controlled 
randomized clinical trial conducted in the Physiotherapy 
Sector of the Rehabilitation Service of Irmandade da 
Santa Casa de Misericórdia de São Paulo (ISCMSP), 
between July 2008 and February 2010. All the 
procedures were carried out after obtaining approval 
from the Research Ethics Committee (protocol no. 
112/08). The trial was registered in the Latin American 
Clinical Trials Register (LATIN-REC) under protocol 
no. BRA 106.

All the patients were informed about the 
procedures that would be carried out, and those 
that agreed signed a free and informed consent 
statement, in accordance with the norms of National 
Health Board Resolution 196/96.

sample

Patients of both sexes aged between 50 and 78 years 
were included in the study. All of them presented knee 
pain and reduced functional ability over the preceding 
three months, and a radiographic examination showing 
knee OA of grade II, III or IV, according to the 
classification of Kellgren and Lawrence(16) (Table 1). A 
total of 53 subjects participated in the first evaluation, 
but six were excluded because they did not fulfill one 
of the abovementioned criteria. Thus, 47 outpatients 
(79 knees) with a diagnosis of knee OA were included, 
comprising 34 women and 13 men. These individuals 
were randomly distributed into two groups: 25 patients 
(41 knees) in the laser group and 22 patients (38 knees) 
in the placebo group. At the start of the study, the two 
groups were homogenous (p > 0.05) in relation to age, 
weight, height and BMI (Table 2).

The criteria for patient exclusion consisted of 
presentation of any of the following: history of cancer, 
dementia, neurological deficits (sensory or motor), 
heart pacemaker, type I or decompensated diabetes, 
uncontrolled system arterial hypertension, or morbid 
obesity (BMI ≥ 40)(4). Furthermore, patients were also 
excluded if they had made use of antidepressants, anti-
inflammatory agents, steroids or tranquillizers over the 
last six months, or if they presented symptomatic hip 
OA, acute diseases or other rheumatoid or orthopedic 
diseases that could interfere with the results, or if they 
had undergone physiotherapy during the last six months.
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the project secretary, and only this person knew the 
true identifications of the pens. This information was 
recorded and kept safe in a closed envelope until all 
the data had been gathered. The pens labeled with the 
letter A were the laser group and the pens labeled B 
were the placebo group.

Because this type of laser presents invisible 
radiation, the therapist was unaware of which group 
the patient belonged to (blind therapy).

The LLLT was administered in accordance with the 
recommendations of the World Association of Laser 
Therapy(17), with regard to choosing the treatment 
dose per point in the knee OA. Five points were 
irradiated with LLLT on the medial face of the knee 
and four points on the lateral face, in the region of the 
joint capsule and synovial membrane, with energy of 
3.0 J per point and total energy of 27.0 J per session. 

evalUation

The diagram in Figure 1 shows that the patients 
in this study underwent evaluations at two different 
times: one before starting the treatment (initial 
evaluation) and the other at the end of the three weeks 
of laser application (post-laser evaluation).

At each evaluation time, the patients were examined 
in relation to pain and function using the following 
assessments and scales: Timed Up and Go (TUG) 
test(18), goniometry on knee flexion(19), dynamometry 

table 1 – Distribution of the degree  of knee osteoarthritis 
between the groups.

radiographic grade 
(kl)* 

laser group 
n = 41

placebo group
n = 38

Grade II 31 (75.6%) 27 (71.1%)

Grade III 8 (19.5%) 9 (23.7%)

Grade IV 2 (4.9%) 2 (5.3%)
*KL: Kellgren-Lawrence (1957) classification for OA.
 p = 0.895 (chi-square test).

table 2 – Characteristics and demographic data (mean ± 
standard deviation) of the study groups, with p value.

laser group 
n = 25

placebo 
group
n = 22

p value

Age (years) 63.0 ± 9.0 63.0 ± 8.0 0.870a

Weight (kg) 74.8 ± 13.1 74.7 ± 12.2 0.980a

Height (cm) 1.58 ± 0.08 1.61 ± 0.07 0.105a

BMI (kg/m2) 30.0 ± 3.5 28.7 ± 4.1 0.242a

Gender

Female 20 (80%) 14 (64%)
0.211b

Male 5 (20%) 8 (36%)

Side affected

Right 7 (28%) 5 (23%)

Left 2 (8%) 1 (5%) 0.788b

Bilateral 16 (64%) 16 (73%)  
a: Student’s t test; b: chi-square test.

methods

This clinical trial was conducted by means of 
random distribution of the subjects into two specific 
groups (laser and placebo). This distribution was made 
by a secretary who was not involved in the treatment 
or in the evaluation, through a draw of sealed 
opaque envelopes containing the group to which 
each patient would be allocated. The envelope was 
taken directly to the therapist, without the patient 
having access to the result.

The patients in both groups underwent three 
weeks of treatment with LLLT, consisting of three 
sessions per week and totaling nine sessions. The 
equipment used was an Irradia class 3B laser that 
had been previously measured and calibrated, The 
pen used was of AsGa type, with a wavelength of 
904 nm in the infrared spectrum, at a frequency of 
700 Hz, with mean power of 60 mW and peak power 
of 20 W; 50 seconds per point and beam area of 0.5 
cm2. This equipment was produced with two identical 
pens, of which one was active (laser) and the other 
was sealed (placebo). These were labeled A and B by figure 1 – Flow diagram for study design. 
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on the quadriceps muscle at 60° of knee flexion(20), 
11-point visual numerical pain scale (VNPS)(21) and 
Lequesne algofunctional questionnaire(22).

The VNPS consisted of a ruler divided into 11 equal 
parts numbered from 0 to 10, in which 0 corresponded 
to “no pain” and 10 corresponded to the “worst pain 
imaginable”. This scale was used to evaluate pain 
during activities of daily living (ADLs) and at rest, 
in which patients indicated the number corresponding 
to the intensity of their pain(21,23).

The Lequesne algofunctional questionnaire 
for knee OA is an evaluation tool composed of 10 
questions on pain, discomfort and function. The sum 
of the scores is classified as little effect (1 to 4 points), 
moderate effect (5 to 7 points), severe effect (8 to 
10 points), very severe effect (11 to 13 points) and 
extremely severe effect (greater than or equal to 14 
points)(24,25). 

The TUG test assesses physical mobility, balance 
and the risk of falling among elderly people. The 
time that patients take to get up from a chair, cross 
a distance of three meters, come back and sit down 
on the same chair is measured. Elderly people who 
complete this in 10 to 20 seconds are at low risk of 
falling; 20 to 30 seconds, moderate risk; and more 
than 30 seconds, high risk(18).

The assessment on quadriceps muscle strength 
using a manual dynamometer (Lafayette® Instrument 
Co.) was done using the maximum voluntary isometric 
contraction (MVIC) of the quadriceps at 60° of lower 
leg flexion. The patients remained seated on the edge 
of the bed, with the thigh stabilized, and extension 
exertion was made. The dynamometer was on the 
distal portion of the lower leg. Three measurements 
were made, and the average between them was 
recorded. The data were then normalized in relation 
to each patient’s weight. The following formula was 
used for this normalization(20): 

(Kg force / Kg weight) x 100 

This manual dynamometer has excellent 
reproducibility for evaluating quadriceps muscle 
strength(26). This technique has been regarded as being 
equivalent to using isokinetic dynamometry for this 
muscle group. It is also an inexpensive technique and 
is used clinically by rehabilitation specialists(27). Prior 
to the force analyses, a pilot study was conducted on 
10 volunteers who were evaluated bilaterally twice, 

with a one-week interval between assessments. 
According to the intraclass correlation coefficient, 
the results obtained showed good reproducibility (ICC 
= 0.85). 

All these evaluations on pain, function, muscle 
strength and radiographic classification of the knee 
OA were made by a single blinded examiner, i.e. a 
professional who was unaware of the group that the 
patient belonged to. 

data analysis

The qualitative variables were presented in 
terms of absolute and relative frequencies, and the 
quantitative variables were presented using summary 
measurements and boxplot graphs. To analyze the 
demographic data, functional tests and pain levels 
at the initial evaluation, Student’s I test and the chi-
square test were used with the aim of ascertaining 
whether the sample presented homogeneity.

For analyses within the groups, comparing the 
different evaluation times, the t test for paired data 
was used. For analyses between groups, Student’s 
t test for parametric data or the Mann-Whitney test 
for non-parametric data was used. The significance 
level used in this study was 5%, i.e. p < 0.05 denoted 
a significant difference. The statistical software used 
for these data analyses was SPSS (Statistical Package 
for the Social Sciences), version 13.0.

resUlts

The initial evaluations on pain and functional 
ability showed that the two groups were homogenous 
at the start of the treatment (Table 3).  

The data relating the initial and post-laser 
evaluations are shown in Table 4.

Intragroup analysis on the visual numerical scale 
data relating to activities of daily living (VNPS for 
ADLs) showed that in the laser group, the post-
laser pain was significantly lower than in the initial 
evaluation (p < 0.001). In the same analysis, the placebo 
group did not show any significant improvement in 
pain in the post-laser evaluation, in relation to the 
initial evaluation (p < 0.06). No significant differences 
were found in the comparisons between groups, for 
the post-laser evaluations (p > 0.10). 

In the intragroup VNPS analysis at rest, both groups 
(laser and placebo) improved significantly in the  
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post-laser evaluations (p < 0.001), in comparison with 
the initial evaluation. However, in the comparative 
analysis between the groups, the laser group presented 
a significant improvement in relation to the placebo 
group (p < 0.05) in the post-laser evaluation (Table 4). 

In intragroup analysis on the results from the 
Lequesne algofunctional questionnaire, the laser 
group showed a significant improvement in the  

post-laser evaluation in relation to the initial evaluation 
(p < 0.001). In the same analysis, the placebo group 
did not show any significant improvement in the  
post-laser evaluation in relation to the initial 
evaluation (p < 0.10). Thus, in the comparison 
between groups, the laser group presented a significant 
improvement in relation to the placebo group (p < 
0.05) in the post-laser evaluation (Table 4). 

In the goniometry evaluation on knee flexion in 
the intragroup analysis, the laser group showed a 
significant improvement in the post-laser evaluation 
in relation to the initial evaluation (p < 0.001). 
In the same analysis, the placebo group did not 
show any significant improvement in the post-laser 
evaluation (p < 0.06). In relation to the comparative 
analysis between groups, there was no difference 
in the post-laser evaluations (p > 0.50) (Table 4). 

Intragroup analysis on the dynamometry 
data showed that both groups had significant 
improvements in the post-laser analysis, in 
relation to the initial evaluation (p < 0.001). In the 
comparative analysis between the groups, there 
was no difference in the post-laser evaluations  
(p > 0.60) (Table 4).

Intragroup analysis on the TUG test in the 
laser group showed that there was a significant 
improvement in the post-laser evaluation, in 
relation to the initial evaluation (p < 0.002). An 
improvement was also found in the placebo group, 
in the post-laser evaluation (p > 0.60) (Table 4). 

discUssion

This was a placebo-controlled double-blind clinical 
trial with random distribution that had the aim of 
evaluating the effect of LLLT for pain alleviation and 
functional improvement among patients with knee 
OA. The results obtained showed that application of 
infrared AsGa laser with final energy of 3.0 J per point 
could be an important auxiliary tool for treating this 
osteoarticular abnormality. Since this is a relatively 
common disease among adults and elderly people, 
especially because of increased life expectancy among 
the population, many studies have been conducted 
on OA, with the aim of finding effective resources 
for pain relief and improved quality of life for these 
patients(3,28). It was decided to study this population 
because of the high demand for treatment of impaired 
knee joints. LLLT is a widely used resource in clinics, 

table 3 – Summary measurements followed by p value for the initial 
evaluations, to ascertain whether the sample was homogenous.

evaluation group mean (± sd) median p

VNPS for ADLs
Laser 6.1 (± 2.6) 6

0.801a

Placebo 6.2 (± 2.3) 7

VNPS at rest
Laser 4.1 (± 3.1) 4

0.455a

Placebo 4.6 (± 2.9) 5

Lequesne
Laser 11 (± 4.4) 11

0.706a

Placebo 10.7 (± 3.2) 11

TUG
Laser 9.2 (± 3.4) 9

0.958a

Placebo 9.3 (± 2.8) 8.9

Goniometry 
(Flexion)

Laser 117.5 (± 7.1) 118
0.056a

Placebo 121.4 (± 10.7) 123

Dynamometry 
(60º)

Laser 23.7 (± 13.0) 23.7
0.349a

Placebo 21.3 (± 8.9) 21.7
a TStudent’s t test.

table 4 – Summary measurements and confidence intervals 
for mean results from VNPS, Lequesne, TUG, range of motion 
and dynamometry pain and functional scales.

 
 

initial mean evaluation  
(± sd) (95% ci)

post-laser mean evaluation 
(± sd) (95% ci)

vnps (for adls)

Laser 6.1 ± (2.6) (5.3-6.9) 4.4 ± (2.9) (4.0-4.9)

Placebo 6.2 ± (2.3) (5.8-6.6) 5.3  ± (2.8)  (4.4-6.2)

vnps (at rest)

Laser 4.1 ± (3.1) (3.1-5.1) 1.9 ± (2.6) (1.1-2.8)

Placebo 4.6 ± (2.9) (3.7-5.6) 3.0 ± (2.7) (2.1-3.9)

lequesne

Laser 11.0  ± (4.4) (9.6-12.4) 7.8  ± (4.7) (6.4-9.2)

Placebo 10.7 ± (3.2) (9.7-11.7) 9.7  ± (3.9) (8.5-10.9)

tUg

Laser 9.2 ± (3.4) (7.8-10.6) 8.0 ± (1.9) (7.2-8.7)

Placebo 9.3 ± (2.8) (8.0-10.5) 8.2 ± (2.1) (7.3-9.1)

goniometry (flexion)

Laser 117.5 ± (7.1) (115.2-119.7) 122.7 ± (10.0) (119.5-125.9 )

Placebo 121.4 ± (10.7) (117.9-124.9) 124.2 ± (10.8) (120.7-127.7)

isokinetic evaluation (60º)

Laser 23.7 ± (13.0) (19.6-27.8) 25.9 ± (12.3) (22.0-29.8)

Placebo 21.3 ± (8.9) (18.4-24.2) 27.0 ± (9.0) (24.0-30.0)
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with well-established therapeutic results(29), but in 
relation specifically to knee OA, the results remain 
controversial(9,14).

Low-level AsGa laser in the infrared spectrum 
was used because this has deeper penetration than 
visible red light does(30,31). Thus, it can reach all the 
periarticular structures involved in OA and probably 
acts as an analgesic, an anti-inflammatory agent in 
relation to reactive synovitis and a reparative agent 
for cartilaginous tissue(32-35). 

The pain and function assessments were conducted 
using validated questionnaires that have been widely 
used in the literature, in Brazil and worldwide, 
such as the Lequesne algofunctional questionnaire, 
visual numerical pain scale (VNPS), knee flexion 
goniometry, quadriceps muscle strength dynamometry 
at 60 degrees of knee flexion and TUG functional test. 
Knee extension goniometry was also performed, but 
it was decided not to add this to the study because 
some patients presented an extension deficit due to 
bone blockage, which is a consequence of the natural 
evolution of the disease, thus making it impossible 
to compare the likely gains in range of motion after 
using LLLT and exercises. It was decided to study 
muscle strength only using the quadriceps because this 
muscle group is the one most affected by arthrogenic 
inhibition and has an important dynamic stabilization 
function in relation to the knee joint(36,37).

Several progressive and degenerative diseases have 
been effectively treated by means of LLLT(12,38,39), 
but there is controversy regarding the results from 
studies analyzing pain and function among patients 
with knee OA, mainly because of the variations in 
the methods used. In the present clinical trial, care 
was taken to follow the WALT recommendations(40) 
regarding how to conduct a clinical trial with LLLT, 
and care was taken to report all the parameters used 
in the study. Because some important data was 
not reported in some studies, such as wavelength, 
treatment duration, final energy, application method, 
mean power, duration of application and beam area, 
meta-analyses have been unable to reach conclusions 
regarding the ideal parameters for LLLT(38).

In the present study, pain relief and functional 
improvement were achieved in the laser group 
after nine LLLT sessions using an AsGa laser with 
wavelength of 904 nm, frequency of 700 Hz, mean 
power of 60 mW, peak power of 20 W, beam area of 

0.5 cm2, application time per point of 50 seconds, 
dose of 3.0 J and energy density of 6.0 J/cm2 per 
point. In comparison with the placebo group, the laser 
group showed significant differences in the VNPS 
evaluation at rest and the Lequesne algofunctional 
questionnaire. The present study is corroborated by a 
double-blind randomized controlled clinical trial by 
Gur et al(13), in which 90 patients were distributed into 
three groups: group I, with 3.0 J; group II, with 2.0 
J; and a placebo group. Their study used laser of 904 
nm, beam area of 1 cm2 and mean power of 10 and 
11.2 mW for five and three minutes of application. In 
association with this, isometric contraction exercises 
were performed on the quadriceps, in 10 sessions over 
two weeks, from which significant improvements in 
pain, function and quality of life were found among 
patients with knee OA. With regard to dose, the group 
with 3.0 J showed a tendency to be better than the 
group with 2.0 J, but without any statistical difference.

As mentioned earlier, the ideal energy dose has 
still not been well established, although it has been 
observed that doses greater than 3.0 J seem to present 
better results. In clinical trials conducted in accordance 
with the WALT recommendations, Hegedus et al(9) 
and Montes-Molina et al(15) used laser of 830 nm 
with mean power of 50 and 100 mW, respectively, 
and a dose of 6.0 J per point, and obtained effective 
results regarding pain relief and improvement of 
microcirculation in the irradiated area. Their data are 
concordant with the findings of the present study, 
which found positive effects in the laser group with a 
dose of 3.0 J. Another clinical trial, albeit not double-
blind, used a dose of 3.0 J in one group and 1.5 J in 
the other, with an AsGaAl laser of 830 nm and mean 
power of 50 mW, but did not find any significant 
improvement in pain. This may be related to the area 
of laser application: directly at the painful points and 
not around the joint capsule or synovial membrane(14).

Another two clinical trials on LLLT also did 
not find good results. One of these was the study 
by Dominguez-Carrilho(10), and that result was 
probably due to the low energy density used (0.5 J/
cm2). Moreover, because of lack of data, it was not 
possible to calculate the final energy distributed to 
the tissue. In the study by Bülow et al(41), a laser of 
830 nm and mean power of 25 mW was used, with 
doses of 1.5 to 4.5 J. In total, there were 15 minutes 
of irradiation per session, thus giving a total dose 
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per treatment of 22.5 J, which was distributed as an 
average of 2.5 J per point. Thus, these non-significant 
LLLT results can be explained by the dose of less than 
3.0 J and also by the application at pain points and not 
directly to the periarticular soft tissues. Application of 
laser to the region of the joint capsule and synovium 
has been advised by some researchers, like in the 
systematic review by Bjordal et al(29), which showed 
that application in this region significantly reduced 
the pain and improved the overall state of health of 
patients with chronic joint pain. WALT(17) also advised 
this form of application. Based on this information, 
the applications in the present study had the aim of 
diminishing or controlling reactive synovitis in knees 
affected by OA.

The exact effects from using LLLT remain 
uncertain. Some explanations can be found in different 
experimental studies, which suggest that LLLT has an 
anti-inflammatory, analgesic and reparative effect. 
In a meta-analysis, Brosseau et al(38) stated that the 
reduction in pain through using LLLT might be due 
to mechanisms such as physiological effects mediated 
by photochemical actions at cellular level in animal 
or human tissue, and through increased levels of the 
neurotransmitters implicated in pain modulation, such 
as serotonin. Some researchers have also concluded 
that LLLT has an effect on joint cartilage regeneration, 
achieved through proliferation of chondrocytes and 
synthesis and secretion of extracellular matrix(32,34). 
Through LLLT, there is an improvement in local 
circulation, which leads to reduced edema and improved 

tissue oxygenation, which consequently may result in 
pain alleviation(9). 

In the literature, it has been well established that 
physical exercise is the most important resource for 
conservative treatment of knee OA, since it achieves 
pain reduction and functional improvement among 
these patients(7,42). Thus, it can be seen that some studies 
have presented good results through combining LLLT 
with exercises, especially for quadriceps strengthening, 
from the outset of the treatment(13,15). The exercises 
can be done under supervision by a physiotherapist 
individually or in groups, or through a home-based 
program. The important point, according to the 
meta-analysis by Fransen and McConnell(7), is the 
frequency, which should be greater than 12 sessions 
of exercises and guidance. This approach is included in 
approximately 98% of physiotherapists’ management 
of patients with knee OA(43).

The physical resource used in the present study may 
be an important adjunct tool, especially if associated 
with exercises for conservative treatment of knee OA, 
and especially because it does not present the adverse 
effects usually encountered with anti-inflammatory and 
analgesic medications.

conclUsions

After assessment of the data obtained in this study, 
we can conclude that the treatment with low-level laser 
alleviated pain and improved functional ability over the 
short term, among patients with knee OA.

Rev Bras Ortop. 2011;46(5):526-33
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