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Abstract
Background: Knee osteoarthritis (KOA) is characterized by a gradual wearing away of the cartilage in the joint through strain 

originating from weight bearing, repeated injury, and/or damage and is one of the most associated causes of knee pain. Current 
options for pain management include medication or surgery. Consequently patients are alternatively seeking a non-invasive approach 
that can help manage their pain. Recently, Class IV laser has gained popularity due to its clinical efficacy in pain management and 
non-invasive application.

Objective: The aim of this randomized control trial was to evaluate the effects of a 30W powered Class IV laser with 1064 nm 
wavelength on knee pain in the treatment of patients with KOA.

Methods: Patients were randomly assigned into two groups. Each patient underwent 7 treatment sessions every other day. 
Group-I (Laser group): 30 patients were treated with a semi conductive Class IV Laser with Scanning System applicator (BTL 
Industries Ltd.) With a maximal power of 30 W and 1064 nm wavelength. Group-II (Control group): 30 patients were treated with the 
same device without emission from the laser diode, and only a visible navigation beam to act as a placebo. All patients perception 
of pain was evaluated prior to beginning treatment (baseline), following the first session, after the 7 therapies, and 1 month following 
the last treatment using the Visual Analogue Scale (VAS).

Results: The Man-Whitney test revealed there was a significant (P=0.01) reduction in pain according to the VAS results for 
the laser group (44.24% improvement), whereas the control group displayed no significant difference (3.93% improvement) in pain 
perception following the treatment(s).

Conclusion: Class IV laser treatment was found to be an effective modality in reducing knee pain in KOA patients.

observed in acute patients, as well as the delivery of intense thermic 
therapies for chronic conditions [11]. Additionally, high power allows 
delivery of the energy to the patient’s body within a shorter time, 
which provides a more practical benefit. Since LLLT can only deliver a 
small range of power, its benefits tend to be only superficial. Although 
this may be valuable in treating acne, scars, and superficial muscle, it 
is unable to penetrate deep into joints and large muscle groups and 
deliver any heat effect for the patient [12]. It has been recommended 
that comparing the effect of Class IV laser with placebo control groups 
should be conducted to measure the functional improvement as a 
result of pain reduction [11,13-15]. Accordingly, the aim of this study 
was to evaluate the effects of Class IV laser therapy on knee pain in the 
treatment of patients with KOA.

Materials and Methods
Inclusion criteria

Prior to starting the study, confirmation of patients diagnosed 
with KOA was ratified by medical doctors, Physical Medicine and 
Rehabilitation, and supplemented by health records. An age range of 
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Introduction
Knee Osteoarthritis (KOA) is one of the major causes of physical 

disability that has a social and public health impact [1]. Osteoarthritis 
is characterized by gradual wearing away of the cartilage in the joint 
through strain from weight bearing, repeated injury and/or damage. 
KOA is the most common type of knee arthritis [2]. The major cause 
of functional impairment and disability in people with KOA is pain 
[3]. The most common way to treat KOA pain is through the use of 
medications such as nonsteroidal anti-inflammatory drugs (NSAIDs) 
and Acetaminophen which can have long-term negative effects 
including renal and gastric disorders, disturbances in immunological 
allostasis and inhibited bone healing [4-6]. Surgery is also a viable 
treatment option when the pain is severe and conservative treatments 
do not provide much help, but it too creates limitations such increasing 
fall risk post-surgery due to deficits in knee extension strength and 
lower limb proprioception [7,8]. The popularity of the application of 
laser therapies is increasing due to laser being a non-invasive, painless 
modality that can be easily administered for a wide range of conditions 
[9]. Both Class IV laser and Low-Level Laser Therapy (LLLT) have been 
used in helping treat pain on individuals with KOA. Various studies 
have looked at the benefits of Class IV laser and its advantage over 
LLLT. According to Santamato et al., Class IV laser therapy showed 
to significantly reduce subject’s pain based on its analgesic, anti-
inflammatory, anti-edematous properties [10].

The major advantage of Class IV laser therapy over LLLT is its high 
power and wavelengths above 1000 nm which are able to penetrate 
deeper into joints and muscles for improved medical effects. The higher 
the power, an increased effectiveness of pulsed analgesic therapy is 
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40-60 was used since KOA is commonly observed in older populations 
[16]. Additional patient inclusion criteria for this study included:

• Patient had painful KOA for at least 6 months with degenerative 
osteoarthritic knee symptoms in accordance to the Kellgren 
and Lawrence classification system [17].

• He did not engage in any high-joint-loading exercises such as 
tennis.

• Patient had not undergone any surgery or physical modalities 3 
months before entering the study.

• He had a minimum total score of 25 on the Western Ontario 
and McMaster Universities Osteoarthritis Index (WOMAC) 
when evaluated by a medical doctor [18].

• He had a knee pain ≤ 4 on the Visual Analogue Scale (VAS) in the 
past 3 months [19,20]. All skin types were included in the study.

Exclusion criteria

Patients were excluded from the study if they underwent previous 
knee surgery, had central or peripheral neuropathy, were pregnant, 
and/or had a malignant tumor. Additionally, patients who experienced 
acute or subacute knee inflammation from recent impact trauma such 
as a fall, and therefore not the cause of KOA, prior to or during the 
study were also excluded as to avoid misinterpreted data.

Study design

The study was designed as a single blind randomized control 
trial. Patients were randomized into 2 groups (n=60). Randomization 
was performed by block randomization using a computer-generated 
algorithm. Patients did not know to which group they were assigned or 
which treatment they would be offered.

Ethical standards

All participants were informed about the study protocol and 
each gave written informed consent for study participation and 
for publication of the results. Furthermore, the treatment method 
was consistent with the ethical guidelines of the 1975 Declaration 
of Helsinki adopted by the General Assembly of the World Medical 
Association (1997-2000) and by Convention on Human Rights and 
Biomedicine of the Council of Europe (1997) [21,22].

Therapy device

A Semi conductive Class IV Laser with a Scanning System 
applicator (BTL Industries Ltd.) consisting of a maximal power of 30 
W and 1064 nm wavelength was used in the laser group. The control 
group underwent a placebo sham treatment which used the same Class 
IV laser device consisting of a visible and operational navigation beam, 
however the emission from the laser diode was turned off.

Therapy procedure

Applications were common for both groups, laser was applied 
medially to laterally on the patient’s knee while in a supine position on 
a cushioned treatment table. The treated knee was slightly flexed and 
supported by a firm orthopaedic knee pillow to promote knee stability 
during treatment. All patients and operators wore safety eyewear for 
eye protection.

Therapy parameters

Treatment was performed every other day, with 7 sessions in total. 

Laser therapy was applied from the medial to lateral side of the knee, 
using a 10 mm diameter of the laser beam and ensuring a controlled 
distance of 20 cm between the laser output and treatment area of 5 
× 5cm. For the laser group the first phase treatment lasted 1 minute 
and consisted of a pulsed emission with an application dosage of 6 
Joules (J). The second phase treatment lasted 7 minutes and consisted 
of a continuous emission with an application dosage of 80 J. It is also 
important to note that the area and heat tolerance of the knee can 
differ for each individual, therefore the laser power was adjustable if 
individuals were experiencing too much of a heat effect.

Pain evaluation

A Visual Analogue Scale (VAS) was used to measure the subjective 
perception of pain intensity. The scale consists of a 10 cm line 
divided into 10 equal sections, with 0 representing “no pain” and 10 
representing “unbearable pain.” Each participant was asked to indicate 
on the scale the level of pain in the affected knee joint before the initial 
intervention (baseline), after the first therapy, after 7 therapies, and 1 
month following the last experimental treatment.

Statistical analysis

The Shapiro-Wilk normality test was performed to determine the 
data distribution in order to verify which statistical test should be used. 
The negative result of the Shapiro-Wilk test and low number of patients 
lead to the use of a non-parametric test. Each group’s VAS results were 
analysed by Mann-Whitney U-test on the level of P=0.01 to compare 
between baseline and the difference between VAS scores after the 1st 
therapy, 7th therapy and 1 month post-therapy.

Results
A total of 60 patients were randomized into two groups. Laser 

therapy group (n=30) received treatment with Class IV laser and 
the control group (n=30) received the sham intervention. Baseline 
characteristics of the patients are shown in Table 1. Both of these 
groups did not report any side effects or problems following any of the 
treatments. The Mann-Whitney test was used to compare the laser and 
control groups baseline, post-treatment, and 1-month follow-up scores 
of the VAS (p<0.01) results. An average power output of 15 ± 1.16 W for 
all patients was used during the continuous emission phase and 30W 
during the pulsed emission phase. No variation occurred for the pulsed 
30 W output since no significant thermal effects were produced during 
the pulsed therapy procedure, which was intermittent and therefore 
easily tolerated without any heat discomfort from all patients. VAS 
baseline results of the laser group 7.30 ± 1.09 and control group 7.63 
± 1.10 respectively showed nonsignificant (p<0.01) differences (Table 
2 and Figure 1a). No significant (p<0.01) difference was observed for 
the control group in the pain (7.53 ± 1.09) after the first intervention. 
Furthermore no significant difference (p<0.01) was observed after 7 
sessions (7.46 ± 1.82) according to the VAS scores (Table 2 and Figure 1a).

A significant (p<0.01) difference was found in the laser group while 
evaluating knee pain (6.11 ± 1.65) after the first intervention. From 

Baseline characteristics
Gender Laser group Sham group
Females 15 (50.0%) 17 (56.6%)

Mean age-Females 52 ± 4.73 53 ± 5.10
Males 15 (50.0%) 13 (43.4%)

Mean age-Males 52 ± 4.62 54 ± 5.11
Average therapy power in continuous 

mode [W]
15 ± 1.16 0.03 ± 0.002

Table 1: Baseline characteristics of the patients.
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baseline (7.30 ± 1.09) the pain significantly (p<0.01) decreased to (4.18 
± 1.89) after the last intervention (Table 2, Figures 1a and 1b). A one 
month follow up was also conducted for all subjects to observe if there 
was any long-term benefit of the Class IV laser treatment. A significant 
(p<0.01) difference was found in the laser group while evaluating knee 
pain (4.07 ± 1.75) following the first month post treatment, whereas for 
the control group showed no significant difference in knee pain (7.33 ± 
1.04) (Table 2 and Figure 1a).

Discussion
The aim of this study was to evaluate the effects on pain using a 

Class IV laser with a 1064 nm wavelength and 30W maximal power 
output, which is the first study to our knowledge that has used such 
parameters. Despite these different parameters, the underlying 
principles of laser therapy are the same in previously performed laser 
therapy studies [11-24]. Our measurement results provide evidence 
that treatment with this Class IV laser had a significant effect on 
decreasing the VAS score of knee pain in KOA patients compared to 
the control group. This further supports the notion that Class IV laser, 
in accordance with these parameters of 1064 nm and 30 W powers, 
could be an important modality for treating patients with KOA due 

to a significant reduction in pain. We acknowledge that the following 
study has certain limitations, which include the absence of comparing 
Class IV Laser to other regular physiotherapy modalities/options such 
as heat/ice packs or analgesics.

It is important to note that although the VAS scale is a subjective 
tool in assessing pain, it is commonly used among studies involved 
in applying laser therapies and measuring pain perceptions for 
individuals with KOA due to its availability and ease to administer [10-
25]. Furthermore, the implementation of seven treatment sessions were 
justified by studies by Angelova et al. [13] and Ciplak et al. [26], which 
met the requirement to obtain a significant result regarding Class IV 
lasers on pain efficacy. In order to better understand the reduction 
of pain on our KOA patients we need to understand the mechanisms 

Figure 1a: Visual Evaluation after Class IV Laser Therapy for prior, during and post treatments.

Figure 1b: Visual Evaluation after Class IV Laser Therapy Group-I for prior, during and post treatments.

Outcome measure Laser group Sham group
Baseline 7.30 ± 1.09 7.63 ± 1.10
Pain after the first session 6.11 ± 1.65 7.53 ± 1.09
Pain after the whole procedure 4.18 ± 1.89 7.46 ± 1.82
Pain 1-month follow-up 4.07 ± 1.75 7.33 ± 1.04

Table 2: Outcome measurements.
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behind laser therapy. Laser therapies are shown to reduce the 
inflammatory process by altering prostaglandin synthesis, decreasing 
interleukin 1, enhancing lymphocyte response, and decreasing 
C-reactive protein and neopterin levels [27,28]. Additionally, they 
can reduce pain at the tissue level by altering the release of chemical 
mediators such as histamine and bradykinin, which are released from 
injured tissues [28]. Both histamine and bradykinin act to inhibit the 
release of substance P, in turn decreasing the threshold of pain [29,30].

Previous studies that applied Class IV laser therapy on subjects with 
KOA alongside the VAS scale concluded that laser diode emission can 
reduce pain indirectly by increasing microcirculation [31], increasing 
oxygenation to tissues, reduce knee swelling [32] and decrease the 
intensity of inflammation. We justified using a 1064 nm wavelength 
based on its ability to penetrate into deeper tissues and reduce pain 
and inflammation in deeper areas such as the knee joint. Studies by 
Gur et al. [33] and Tascioglu et al. [24], support the notion that using 
wavelengths under 1000 nm, 904 nm and 830 nm respectively, showed 
no significant effect on pain reduction in patients with KOA. The use 
of a maximal power output of 30W was used based on two major 
factors. Firstly, when working with higher power compared to LLLT, 
the higher the power the more energy can be delivered to the specific 
treatment area in a shorter time span. This is beneficial for both the 
therapist and patient as therapy time is reduced to deliver a specific 
dose of laser energy when compared to a lower powered device which 
will have a longer duration to deliver the same amount of energy [34]. 
Secondly, high power output allows for the application of a thermic 
effect to the treated area which is helpful for chronic patients [35]. 
Specifically, the higher the power for acute patients, the better efficacy 
of the pulsed analgesia. Moreover, Gur et al. [33] and Tascioglu et al. 
[24] also concluded that low power outputs of 11.2 or 50 mW were 
insufficient in producing a thermal effect. This demonstrates that 
power output and wavelength are important factors in laser therapies 
[27]. The application of Class IV laser with a wavelength (>1000 nm) 
over a longer period of time produces a higher therapeutic dosage, 
which is delivered to the tissue and can stimulate the tissues effectively 
for treating pain and decreasing inflammation.

Conclusion
Class IV laser therapy with a single 1064 nm wavelength and 30 

W power is an effective modality in the treatment of patients with 
KOA pain based on its analgesic, anti-inflammatory, anti-edematous 
properties. The results of the present study are encouraging but other 
studies with larger samples, comparisons with other conservative 
interventions, and post treatment follow ups should be implemented 
to better understand the long term effects of Class IV laser therapy. 
For these reasons, continued research in this area is therefore of great 
importance.
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