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Introduction
Osteoarthritis (OA) is a degenerative joint disease1 which 
commonly affects weight bearing joints. The knee is the 
most common affected joint in the body, particularly in 
older subjects.2-4 Obesity, previous trauma, female gender 
and older age are considered the most common risk fac-
tors for knee OA.5 Knee OA is clinically associated with 
pain, restricted range of motion, and muscle weakness 
resulting in difficulties in daily living activities and im-
paired quality of life.2,6,7 
Treatment of OA includes pharmacological and 
non-pharmacological modalities.8 Common targets of in-
terventions are to alleviate pain, maintain physical func-
tion, and to prevent or postpone progression of adverse 
structural changes.9 Non-pharmacological treatment 
includes patients’ education and physical therapy such 
as exercise training, phonophoresis, ultrasound, electro-
magnetic therapy, and transcutaneous electrical nerve 
stimulation,10,11 to relief pain and muscle spasm, reduce 

stiffness, and to strength weak muscles.10 Many factors 
may influence the responsiveness of the knee OA to phys-
ical therapy, e.g. mode of treatment delivery, treatment 
compliance issues and radiographic severity.5

Recently, low-level laser therapy (LLLT) has been broad-
ly used to control pain,1,12 and it has been recommended 
for its anti-inflammatory effects13,14 in addition to healing 
efficacy.2,15 LLLT has been used in a wide range muscu-
loskeletal disorders such as cervical spondylosis, epicon-
dylitis, low-back pain,16 and recently on knee OA.12,17,18 
However, some studies have not been able to identify 
significant clinical benefits in some painful musculoskel-
etal conditions.16 In addition, other authors reported that 
LLLT had no effect on patients with knee OA.19 
Despite widespread clinical application, results of exper-
imental and clinical studies are still conflicting.20 Joints 
with OA showed considerable variation in response to 
LLLT.17,20,21 However, there has been discrepancies in 
studies regarding the methods of application, treatment 
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duration, dosage, and site of application.17,18,20,21 Even 
when adding LLLT to exercise training in the treatment of 
OA, there are still questions on their efficacy.21,22 
The purpose of this study was to evaluate the effectiveness 
of adding LLLT with two common used intensities (6 J/
cm2)12,18 and (3 J/cm2)23 to exercise training program in re-
ducing pain intensity, improving range of motion, muscle 
strength and quality of life in older patients with chronic 
knee OA.

Methods 
Subjects 
Out of 80 patients evaluated, 20 were excluded, as they did 
not meet the inclusion criteria. Sixty older patients with 
knee OA were enrolled in this study from the outpatient 
clinic of the Faculty of Physical Therapy, Cairo-University 
(Figure 1).

Inclusion Criteria
Age 60 to 72 years; chronic knee OA according to Ameri-
can College of Rheumatology (ACR) criteria24; grades II & 
III knee OA according to the Kellgren-Lawrence grades25; 
ability to stand independently and willingness to partici-
pate in the study. 

Exclusion Criteria
Patients were excluded if they had concomitant disease 
affecting the knee, e.g. rheumatoid arthritis, recent injury, 
and/or surgery to the knee and had received intra-articu-
lar corticosteroid during the last 6 months. Patients were 
also excluded if he or she had history of cancer, demen-
tia, neurological deficits, heart pacemaker, uncontrolled 
cardiovascular and metabolic diseases or morbid obesity 
( body mass index [BMI] ≥ 40).
Group-I
Twenty older subjects were assigned to group-I, two 
dropped out at follow up, as they changed their address 
without notification. The follow up was for 18 (7 males & 

11 females) patients with a mean age of 67.3 ± 2.9 years. 
They were treated with a laser dose of 6 J/cm² over 8 
points around the knee. 
Group-II
Twenty older patients were assigned to group-II; two 
withdrew from follow up due to problems in transporta-
tions. Consequently, 18 (6 males & 12 females) older pa-
tients with 67.5 ± 2.5 years mean age of were treated with a 
laser dose of 3 J/cm² on 9 points around the knee. 
Group-III
Twenty older patients were assigned to group-III, five 
subjects were dropped; two because they preferred medi-
cations and three could not commit regularly to treatment 
sessions. Consequently, only 15 (5 males & 10 females) 
older patients with a mean age of (66.3 ± 3.2) years partic-
ipated as control group.

Assessment Procedure
Each patient was evaluated before and after 8 weeks of 
physical therapy interventions including: 
Pain Intensity
Visual analogue scale (VAS) was used to evaluate pain; 
it is a reliable pain measure. It scored from 0 to 10 cm, 
where 0 is pain free and 10 is maximal pain.26,27 Each pa-
tient was asked to mark a point on the line between 0 and 
10 that related to his or her level of pain during the week 
of evaluation.28

Physical Function
It was evaluated using Western Ontario and McMas-
ter Universities Osteoarthritis Index (WOMAC). It is 
a self-administered questionnaire used for assessment 
of physical function of patients. It is a reliable and valid 
outcome measure for evaluation of patients with hip and 
knee OA.19,29,30 Each patient was asked to give his or her 
response to pain intensity measures (5 items), joint stiff-
ness (2 items), and physical function (17 items) through a 
5-point scale (0-4, where: 0 = no pain/limitation; 1 = mild 
pain/limitation; 2 = moderate pain/limitation; 3 = severe 

Figure 1. The Flow Diagram of Patients Recruitment. LLLT: low level laser therapy; EX-T, exercise training program; J/cm2, laser dose by 
joules/square centimeter.
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pain/limitation; and 4 = extreme pain/limitation). Its max-
imal scores for pain, stiffness, and physical functions are 
20, 8, and 68, respectively.30 Total score of each category is 
separately summed up to give the final value of WOMAC 
sub-items. Lower scores indicate less pain, lower stiffness, 
high physical function, while higher scores indicate more 
pain, more stiffness low physical function (total scores of 
96 indicating greater disease severities).19,29 
Knee Range of Motion
Active flexion knee range of motion was measured with 
Long arm universal goniometer. It is a valid and reliable 
measure.31 It was evaluated from prone lying position, 
with extended knee; patients were asked to bring the heel 
of the tested leg as close as possible to the buttock while 
the other foot remained in contact with the plinth. The 
fulcrum of the goniometry on the lateral epicondyle of the 
femur of the tested knee with one arm in line with the lat-
eral malleolus and the other arm in line with the greater 
trochanter.32

Isometric Muscle Strength
Of the knee flexor and extensor muscles were measured 
using Handheld Dynamometer (MIE, Medical Research 
Ltd., England).33 Each patient performed knee flexion or 
extension for 5 repetitions as a warm up prior to the test. 
The maximal isometric muscle strength of knee flexor 
and extensor of the tested limb were measured for three 
trials. Mean values were calculated for each patient. 
(a) Maximal knee extensors measurement: From a relaxed 
supine lying position with tested knee supported on small 
pillow and maintained in 60° of flexion. The handheld dy-
namometer was placed against the anterior aspect of the 
leg away from the chin of tibia. Examiner stood on the 
contralateral side to tested knee. Correct starting position 
by adjusting the dynamometer before testing was deter-
mined. Each patient was asked to exert maximal force 
and push his or her leg up by performing knee extension 
against the probe of the hand dynamometer. The maximal 
isometric strength appeared automatically on the dyna-
mometer screen. Mean values of three trials were calcu-
lated for each patient.
(b) Maximal knee flexor measurement: From a prone po-
sition with tested knee supported on a small pillow and 
maintained in 60° of flexion. The handheld dynamometer 
was placed against the posterior aspect of the leg. Exam-
iner stood on the side contralateral to tested knee. Correct 
starting position was determined by adjusting the dyna-
mometer before testing. Each patient was asked to exert 
maximal force and push his or her leg up by performing 
knee flexion against the probe of the hand dynamometer. 
The maximal isometric strength appeared automatically 
on the dynamometer screen.33 Mean values of three trials 
were calculated for each patient.

Treatment Procedure 
Group-I
After cleaning the skin with a piece of cotton to remove 
any dirt or grease in the treatment area, from relaxed su-
pine lying position with slightly flexed knee supported on 

a small pillow, each patient received a LLLT dose of 6 J/
cm² on 8 points around the knee joint. The selected eight 
points are the medial and lateral epicondyles of the tibia 
and femur, the medial and lateral knee joint gap, and the 
medial edge of the tendon of the biceps femoris and sem-
itendinosus muscles in the popliteal fossa. Laser therapy 
was administered 2 times/week for 8 weeks with a low 
power laser (power 50 mW, continuous wave, wavelength 
880 nm). Each point received energy of 6 J/point for 60 
seconds, with a total dose of 48 J in each session.12,18 
Group-II
After patient preparation as in group-I, each patient re-
ceived a LLLT dose of 3 J/cm² with the knee extended. 
The laser energy was irradiated over the joint line onto 
five points of the synovial region of the medial side of the 
knee and in four points at the lateral side, at 3 J per point. 
Total dose was 27 J per session and used previously cali-
brated equipment (Irradia Class 3B; Stockholm, Sweden). 
The pen’s semi-conductor consisted of gallium arsenide 
with wavelength of 904 nm, frequency of 700 Hz, average 
power of 60 mW, peak power of 20 W, pulse duration 4.3 
ms, 50 seconds per point (area 0.5 cm2). The parameters 
followed the recommendation of the World Association 
of Laser Therapy (WALT) 19 for OA.23

Group-III
For each patient in the placebo group, procedure was 
identical but without emission of energy. The laser equip-
ment had two identical pens, one for the active treatment 
and one for the placebo treatment (sealed).

Exercise Training Program
All patients of three groups participated on the same fol-
lowing exercise training program for 30 to 45 minutes 2 
sessions/week for 8 weeks. 
1-Stretching for the quadriceps, hamstrings, adductors, 
and calf muscles for 30 seconds, relaxation for 10 sec-
onds and repeated 3 times; Total time of stretching ≈ 5 
minutes.23

2-Strengthening exercises included knee extension, 
straight leg raising and quadriceps setting exercise. The 
contraction was maintained for 6 seconds followed by re-
laxation for 10 seconds and repeated 8 times/set in each 
exercise.
NB: These exercises were performed in three sets, eight 
repetitions. Resistance was determined to be 30% of 1 
repetition maximum. All participants were instructed to 
practice these exercises as a home program.29,34,35 Photo-
graphic details of the home-based exercises were distrib-
uted to each patient with a dairy log book. Patients were 
encouraged regarding compliance with the exercise to re-
cord number of days the exercises were performed/week. 
All patients were advised to keep their activity level and 
medication unchanged throughout the study period.

Statistical Analysis
The collected data were statistically analyzed using SPSS 
package (version 20.0). Paired t test was used to determine 
significant improvements within each group. Analysis of 

http://cre.sagepub.com/content/26/6/523.long#ref-19
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variance (ANOVA) test was used to detect the significance 
differences among three groups after physical therapy in-
terventions. LSD test was used to determine any group 
that had the best significant improvements. P < 0.05 are 
considered statistically significant and at CI 95%. 

Results 
Demographic Data of Patients
A total of 51 older patients (35.3% males and 64.7% fe-
male) completed this study. All of them had chronic knee 
OA for ≥ 3 years, 23.5% of them with bilateral knee OA 
(both limb was treated but statistical analysis was done for 
the worst one), 49.0% with right and 27.0% with left knee 
OA. 64.7% of patients with grade-II and 35.3% of patients 
with grade-III. Patients were assigned randomly into 
three groups: Group-I: 18 patients (7 males & 11 females) 
received laser 6 J/cm². Group-II: 18 patients (6 males & 
12 females) received laser 3 J/cm². Group-III: 15 (5 males 
& 10 females) patients received laser without emission as 
placebo. Also every patient of the three groups practiced 
the same exercise program. Pre-physical therapy inter-
ventions ANOVA test showed that there were non-sig-
nificant differences in the demographic data among three 
groups (Table 1).

Pain Intensity and Physical Function Activity 
Mean values of VAS and WOMAC knee pain and stiff-
ness reduced significantly in three groups after physical 
therapy interventions (P < 0.05; Figure 2), also ANOVA 
analysis proved that there were significant differences re-
garding VAS, WOMAC pain & stiffness among them af-
ter physical therapy interventions (P < 0.05; Table 2). The 
post hoc tests (LSD) proved that the best improvements in 
VAS, WOMAC pain, knee stiffness and physical function 
was for patients who received 6 J/cm² then 3 J/cm² and 
placebo group was the lowest.

Physical Function, Knee Mobility and Isometric Strength
Mean values of physical function significantly reduced 
in WOMAC, which means improvement in physical 
function while isometric strength of the quadriceps and 
hamstring muscles increased significantly in three groups 
after interventions (P < 0.05; Figure 3). In addition, ANO-
VA analysis proved that there were significant differences 
among them after physical therapy interventions (P < 0.05; 
Table 3). Also LSD showed that the highest increase in iso-

Table 1. Demographic Data of Patients Study Sample

Variables
Group-I Group-II Group-III

F Value P Value
Mean ± SD Mean ± SD Mean ± SD

Age 67.3 ± 2.9 67.5 ± 2.5 66.3 ± 3.2 1.13 0.33a

BMI 26.8 ± 1.9 27.0 ± 2.4 27.5 ± 1.9 0.39 0.68a

Duration 5.2 ± 1.5 5.1 ± 1.5 5.6 ± 1.2 0.44 0.65a

Sex 7 males, 11 females 6 males, 12 females 5 males, 10 females 1.49 0.23a

OA degree Grade-II = 12, Grade-III = 6 Grade-II = 11, Grade-III = 7 Grade-II = 10, Grade-III = 5 0.07 0.93a

Affected side 4 left,9 right, 5 Both 6 left, 7 right, 5 Both 4 left, 9 right, 2 Both 0.28 0.76a

Abbreviations: BMI, body mass index; OA, Osteoarthritis.
 a Non-significant P > 0.05.

metric strength of the quadriceps and hamstring muscles 
and knee flexion range of motion (ROM) was for patients 
who received 6 J/cm² then 3 J/cm² and placebo group. 
Whereas mean values of knee flexion ROM increased 
significantly from 116.83 ± 2.38, 116.33 ± 1.85, 117.6 ± 2.4, 
to 125.83 ± 3.3, 122.29 ± 2.4, 123.5 ± 2. 8, after physical 
therapy interventions in group-I, II, and III respectively 
with significant differences among them (F value = 1.34 
& 1.46; P < 0.05; Table 3).

Discussion
Knee OA is one of the most common disabling painful 
conditions in rheumatology practice,19,9,36 and it is a sig-
nificant disabling problem for older subjects.2,5,37,38 The 

Figure 3. Mean Values of Knee Physical WOMAC questionnaire, 
Isometric muscle Strength of Knee Extensors and Flexors Among 
Three groups Pre- and Post-physical Therapy Interventions. PhF: 
physical function of the knee joint (its reduction in WOMAC 
means improvement); K ext: knee extensors; K flex; knee flexors.

Figure 2. Mean Values of VAS and WOMAC Knee Pain and Stiffness 
Among Three groups Pre- and Post-physical Therapy Interventions. 
VAS, visual analogue scale; Pain, WOMAC pain assessment; Stiff, 
knee Stiffness.
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results obtained in the current study proved that adding 
LLLT to exercise training program could be an important 
modality for treating older persons with OA than exercise 
training alone. The active laser groups either 6 J/cm² or 3 
J/cm² had a significant reduction of pain intensity in VAS 
and WOMAC, increase in physical function, increase in 
isometric quadriceps and hamstring muscle strength, and 
increase in range of motion after treatment of knee OA. 
LLLT is considered a safe and applicable modality for pa-
tients with knee OA.12,17,18 Its usage is supported either in 
middle-aged subjects10 or for particular older subjects12,23 
where the usage of drugs is more restricted. Effects of 
LLLT on knee OA has been studied, but the results are still 
in conflict. The results of this study were corroborated by 
these studies.12,17,18,23,39 The reduction of pain intensity and 
increase in physical function by LLLT was confirmed in 
many previous clinical studies.17,23 Hegedus et al17 applied 
active LLLT or placebo LLLT in double blind, random-
ized, placebo-controlled trial. Patients received treatment 
twice a week over a 4-week period, continuous wave and 
dose of 6 J/cm² that was similar to the LLLT dose in the 
current study in group-I. The authors found that patients 
treated with the active diode laser demonstrated signif-
icant improvements in pain, knee circumference, point 
pressure sensitivity, and knee flexion compared with the 
placebo group. In addition some investigators applied 
the laser acupuncture for a 2-week (10 sessions) on the 
medial side of the arthritic knee. They found that laser 
acupuncture was more effective in reducing per articular 

Table 2. Comparison of VAS and WOMAC Questionnaire Among 
Three Groups Pre- and Postphysical Therapy Interventions

Variables
Sum of 
squares

Mean 
Squares

F Value P Value

VAS - pre 0.054 0.027 0.06 0.94a

VAS - post 7.47 3.74 9.04 0.00b

Pain - pre 1.9 0.95 0.56 0.57a

Pain - post 7.02 3.51 3.84 0.028b

Stiffness - pre 0.03 0.014 0.021 0.98a

Stiffness - post 4.54 2.27 5.63 0.006b

Physical - pre 2.8 1.39 0.2 0.82a

Physical - post 94.0 47.0 14.0 0.00b

Abbreviations: VAS, visual analogue scale; WOMAC, Western 
Ontario and McMaster Universities Osteoarthritis.
a Non-significant P > 0.05; b Significant P < 0.05  CI at 0.95.

Table 3. Comparison of Isometric Knee Extensors, Flexors Muscles 
Strength and Knee Flexion Range of Motion pre- and Postphysical 
Therapy Interventions Among Three Groups

Variables
Sum of 
Squares

Mean 
Squares

F Value P Value

Knee extension - pre 9.21 4.1 0.29 0.75a

Knee extension- post 91.67 45.84 3.36 0.043b

Knee flex- pre 2.96 1.48 0.35 0.57a

Knee flex- post 71.7 35.87 8.66 0.001b

Knee flex ROM -pre 13.19 6.59 1.34 0.27a

Knee flex ROM -post 514.3 257.2 46.76 0.001b

Abbreviation: ROM, range of motion.
a Non-significant P > 0.05; b Significant P < 0.05 CI at 0.95.

swelling when compared with placebo laser in knee OA.39

In agreement with the current study, adding low level 
laser to exercise program for patients with knee OA was 
recommended.18,23 The authors in Alfredo et al23 study 
compared laser group (LLLT dose of 3 J/cm² and exer-
cises) or placebo group (placebo laser and exercises). The 
dose of 3 J/cm² has been applied in the current study on 
group II. They found LLLT when associated with exercis-
es results in more pain relief, improvements in function 
activity compared with placebo group that received ex-
ercises only. That means, adding laser therapy to exercise 
training magnifies the physiological effects of each other 
as the anti-inflammatory effects of laser and its analge-
sic effects reflected on the physical function and muscle 
power and vice versa. Thus it is can be suggested that ex-
ercise training alone is not sufficient for the treatment of 
chronic knee OA particular in older patients, but should 
be used in combination with any other anti-inflammatory 
physical therapy modality. 
 In a recent study of LLLT on knee OA they, found that ac-
tive laser on eight points that received dosage of 6 J/point 
for 60 seconds, with a total dosage of 48 J/cm² in each 
session two times per week over the period of 4 weeks 
showed significant differences in pain relief and function-
al performance in patients with chronic knee OA in com-
parison with placebo group.18 In that study, all patients 
practiced home-based exercise program in addition to 
laser application,18 while in the current study, the authors 
applied supervised exercise program in the treatment ses-
sion and asked patients to repeat it at home. 
In contrast to the findings of this study, some clinical tri-
als found non-significant improvement in pain intensity 
and WOMAC index in patients receiving gallium/alumi-
num/arsenide (GA–Al–As) laser 830 nm with dose rang-
ing from 1.5 to 3 J/cm2.19 Differences in results may be 
attributed to some differences in treatment plan and the 
low laser dose. The treatments with LLLT in this study 
were 12 sessions/2 sessions/week for 8 weeks. However in 
Tasciloglu et al19 study, there was only 10 treatment ses-
sions/once a day, five days a week for a total duration of 
10 days. In addition, in this study the patients received 
exercise program beside laser dose, while in Tasciloglu et 
al19 study, patients were treated by laser only.
In conflict to the current study also, others investigators 
evaluated LLLT in 88 patients with hand OA. Treatment 
was applied using a gallium-aluminum-arsenide diode la-
ser 3 times/week for 6 weeks. They found that there were 
no significant differences in pain quality between the ac-
tive treatment group and the control group.40 This may be 
attributed to differences in nature of arthritic changes and 
number of sessions of treatment.40 Another different fac-
tor for contrast is the difference between the gallium-alu-
minum-arsenide diode laser used in their work40 and 
the gallium-arsenide diode laser used in this study. The 
contradictions in the literature of LLLT benefits may be 
attributed to variations in treatment parameters by LLLT, 
such as wavelength, power, energy density, number, and 
duration of treatment, size of exposure area, and method 
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of laser administration.18

 Regarding the dose of laser applied, in this study, the au-
thors found that application of 6 J/cm² was more effective 
than 3 J/cm² during treatment of patients with OA knee. 
In agreement with the idea of application of laser dose 
in treatment of OA, some investigators compared 3 J/cm2 
and 2 J/cm2. The authors found 3 J/cm2 showed a tenden-
cy to be better than 2 J/cm2.16 In another report, active 
laser dosage of 3 J/cm2 per painful point and active laser 
with a dosage of 1.5 J/cm2 per painful point gave non-sig-
nificant effects.19 Other published trials compared active 
laser 3 J/cm2 with placebo23 or dosage of 6 J/cm2 with 
placebo18 and found significant improvement with active 
laser for both doses compared to placebo.18,23

Some of the mechanisms behind laser effects on mus-
culoskeletal system are still unclear.18 The reduction of 
pain achieved by LLLT could be explained by an increase 
in neurotransmitters’ levels, including serotonin, which 
is important in endogenous pain modulation.41 Sever-
al studies have reported positive effects from LLLT in-
cluding influences on fibroblast propagation, osteoblast 
production, and collagen synthesis as well as revascular-
ization in wound healing.10 In addition, it has a positive 
effect on modulation of inflammation13,14,42 and stimula-
tion of angiogenesis as well as in the reduction of fibro-
sis formation.15 Improvements of physical joint function 
outcomes usually occur as a consequence of pain inten-
sity reduction, as pain reduction is usually primarily re-
sponsible for improvements in muscle function.43 
Application of exercise training programs for treatment 
of OA is proved to provide more efficiency in patient’s 
care29,34,44 The Ottawa Panel recommends application 
of active therapeutic exercises alone, or in combination 
with manual therapy, in management of patients with 
OA.45 There is good evidence that exercise can reduce 
pain and improve joint physical function in patients with 
OA.35,37,38,46 In a recent publication on the benefits of ex-
ercises on OA it was suggested that all grades of OA se-
verity can benefit from professionally supervised exercise 
therapy.30

Resistance exercise has been shown to be effective in pain 
reduction and improving physical functional activity. 
This mode of exercise may restore muscle strength and 
joint mechanics while improving physical function. It 
may normalize muscle firing patterns and joint biome-
chanics leading to reductions in arthritic joint pain and 
cartilage degradation.47 This may explain improvements 
in pain and physical function, mobility and muscle pow-
er in exercise group. Our findings suggest that analgesia 
induced by LLLT in addition to supervised exercise pro-
gram resulted in more improvements in pain, physical 
function of older subjects with OA.
 
Limitations
The current study had some limitations, e.g. the small 
sample size. So, further studies with larger sample size 
are necessary to provide a much better insight into the 
effectiveness of LLLT. Also the short-term follow-up is 

another limitation of this study. Therefore; further stud-
ies should be conducted to evaluate the long-term effect 
of LLLT on pain relief and functional improvement on 
elderly subjects with OA knee.

Recommendations
The application of low level laser 2 sessions/week for 8 
weeks can be an integral part in the management of pa-
tients with chronic knee OA. Comparisons of different 
intensities of LLLT on larger samples and for longer pe-
riods are recommended. The combination of laser and 
exercise training can achieve further improvements in 
pain, physical function and knee mobility, and isometric 
strength of quadriceps in older subjects with knee OA. 

Conclusion
It can be concluded that adding LLLT to exercise training 
program is more effective than exercise training alone in 
the treatment of patients with chronic knee OA and the 
rate of improvements may be dose dependent, as with 6 
J/cm² or 3 J/cm².
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