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Anahita Hasannejad, Abstract . . . o .
Email: Anahita.hasannejad@gmail. Introduction: This study aimed to compare the effects of high-intensity laser therapy (HILT) and
com low-level laser therapy (LLLT) on the disability and architecture of the quadriceps in patients

with knee osteoarthritis (OA).

Methods: Ninety-eight patients with knee OA (KOA) were selected by convenience sampling
and then divided into three groups: control, LLLT and HILT. Disability was determined using
the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC). Quadriceps
structures including thickness, fascicle length and pennate angle of the vastus lateralis (VL) and
thickness, volume and fiber angle of vastus medialis obliquus (VMO) muscles were assessed
using ultrasonography. All evaluations were performed before interventions, immediately after
interventions, and one month later. Between-group data were analyzed with two-way ANOVA
and paired-samples t-test.

Results: The within-group comparisons of WOMAC scores before, after and at a one-month
follow-up showed significant differences between the groups (P<0.001). The VMO thickness
revealed significant increases after the treatment in both HILT (P<0.001) and LLLT (P=00.03)
groups. The between-group comparison revealed a significantly lower score of WOMAC in
the HILT group compared to the other groups after a one-month follow-up (P=00.03). VMO
thickness showed a significant increase in the HILT group after the treatment (P=0.002). The VL
structures and VMO fiber angle and volume did not exhibit significant changes in within-group
and between-group comparisons (P>00.05).

Conclusion: Both HILT and LLLT may improve functional ability and VMO thickness in patients
with knee osteoarthritis. After a one-month follow-up, functional ability was greater in the HILT
group.
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Introduction bone.*® Prolonged synovitis with joint damage due to

Osteoarthritis (OA) is the most common degenerative
musculoskeletal disorder, mainly occurring in old
age.! The disease is caused by various physiological,
biomechanical, and biochemical changes in articular
cartilage. These changes cause gradual degeneration of
the articular cartilage and deformation of the subchondral

OA can lead to capsular fibrosis and restricted range
of motion. Muscle reflex inhibition due to pain and
swelling can cause muscle atrophy and unbalanced forces
around the joint. This can lead to functional impairment
and disability. Moreover, reduced joint space due to
degenerative bone can lead to laxity of the ligaments.
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Thereafter, the structural changes cause biomechanical
instability, creating a faulty degenerative joint as well as a
local synovial inflammation cycle.*

According to the latest statistics of the World Health
Organization, it has been estimated that by 2031, OA
will be in the top 4 common causes of disability globally.
Moreover, severe levels of disability will become apparent
in about 10 million people in developed countries and
33.5 million people in developing countries, totaling more
than 44 million people worldwide.?

OA is most common in the knee joint. Knee OA (KOA)
restricts daily activities in afflicted people, diminishing the
quality oflife and limiting social activities.® Approximately
250 million people globally are affected by KOA, and this
number is expected to increase in the future.” According
to epidemiological studies in Iran, about 21% in rural
areas and about 17% of people aged over 15 in urban areas
are suffering from some form and degree of OA, and 25%
of all cases are suffering from KOA.> KOA symptoms
include joint stiffness, pain, limitation in range of motion,
altered muscle activity, decreased quality of life, and
disability.?

The treatments available for KOA are categorized into
non-surgical and surgical procedures.” Non-surgical
treatments include both pharmacological and non-
pharmacological interventions.** Non-pharmacological
treatments include dry needling, knee braces and medical
insoles, hydrotherapy, self-management, exercise training,
and physiotherapy interventions.''> Pharmaceutical
agents include non-steroidal anti-inflammatory drugs,
glucosamine, and chondroitin, along with an intra-
articular injection with corticosteroid compounds or
lubricating supplements such as hyaluronic acid."

Physiotherapy interventions for OA include
electrophysical agents, manual therapy, and exercise
therapy.”* The physiotherapy goals include the prevention
of stress and trauma on the involved joint, improvement in
muscle strength and cartilage nutrition by re-establishing
physiological movements, and pain reduction." In recent
years, photobiomodulation (PBM) has been considered
as a non-surgical and non-pharmacological therapeutic
intervention. PBM is a low-cost, safe, and non-invasive
method of radiating the laser light into the target
tissues.”>'® Based on safety classifications, there are two
main types of laser PBM: low-level laser therapy (LLLT)
with the mean power output of less than 500 mW and
high-intensity laser therapy (HILT) with the mean power
output of more than 500 mW. Several studies have been
conducted on the effects of these two types of laser PBM
and the differences between them.

LLLT, as PBM therapy, is considered a non-thermal
electrophysical agent. It has been used for decades, and its
effectiveness has already been studied in musculoskeletal
disorders."® It is effective in reducing pain and edema and
improving blood circulation, thereby enhancing physical

performance and quality of life.!” Recently, in a review,
Malik et al. showed that LLLT plus exercise is not superior
to sham LLLT plus exercise when assessing the range of
motion, strength and function in KOA.* Nevertheless,
some studies revealed more effects of LLLT relative to
other interventions in KOA.*"** In recent years, HILT has
increasingly been used in physiotherapy.”? The average
output power of HILT is higher than LLLT, which may
subsequently lead to more energy delivery to tissues,
deeper penetration, lower treatment time, and perhaps
other physiological effects.” HILT causes thermal,
mechanical, photochemical, and electrical changes at the
cellular level, leading to pain and inflammation reduction,
extracellular component activity increase, mitochondrial
aerobic capacity, ATP production, lymph flow, and
acceleration of the healing process.”

Previous studies of PBM have focused on subjective
variables such as pain, disability, and swelling. In a review
paper, HILT was shown to be more effective than LLLT
on self-reported functional ability and pain outcomes in
patients with KOA.* However, few studies have evaluated
and compared the effects of LLLT and HILT on soft
tissue structures,”” and no study has compared the effect
of these two types of laser PBM methods of delivery on
muscle structure using ultrasonography as an objective
outcome in people with KOA. Due to the lack of evidence
and the similarities and differences in the physical
parameters of the delivered energy, this study aimed to
compare the effects of HILT and LLLT on functional
ability, and the structure of the vastus medialis obliquus
(VMO) and vastus lateralis (VL) muscles in people with
KOA.

Methods and Materials
Participants
The present study was carried out as a prospective, single-
blind randomized controlled trial design, in which only
the participants were blinded. Patients with OA referred
to Poursina Hospital (Guilan, Iran) were included in
this study. The inclusion criteria were: 1. Patients with
knee pain and radiological findings of KOA (grades
1 and 2 of Kellgren-Lawrence classification); 2. Body
mass index<40; 3. Age between 45 and 60 years old. As
per Jankaew et al, patients were excluded with: KOA
radiological findings of Kellgren-Lawrence grades 3 and
4, a history of rheumatoid arthritis, malignancy, local
knee infection, knee surgery, fracture, complete meniscus
or cruciate ligament rupture, neuropathic diseases,
injection of hyaluronic acid or corticosteroid in the past
six months, and physiotherapy in the last month.*
Ninety-eight patients with KOA were selected by
convenience sampling and randomly assigned to the
following three groups: Group 1 was treated with a
standardized physiotherapy protocol (control group),
Group 2 was treated with LLLT plus physiotherapy
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(LLLT group), and Group 3 was treated with HILT
and physiotherapy (HILT group). Randomization was
performed by a free software program generating a
random number table. The hospital secretary performed
this task prior to commencement of the study (Figure 1).

After baseline examinations, all participants were
fully informed of the treatment protocol prior to
signing written informed consent. The participants were
evaluated before the treatment, immediately after the end
of the intervention, and one month after the last session of
the treatment. The present study protocol complied with
the Consolidated Standards of Reporting Trials guidelines
for clinical trials with the IRCT20170516034003N5
registration code on  https://irct.behdasht.gov.ir/
trial/38937.

Assessment of Disability

The Persian version of the Western Ontario and McMaster
Osteoarthritis Index (WOMAC) questionnaire was used to
evaluate relevant domains of KOA. The scale includes 24
questions about pain, joint stiffness, and physical function.
Each question is graded from ‘none’ to ‘very severe’
on a 0 to 4 scale, respectively.” The Persian WOMAC
questionnaire has high validity and reliability for patients
with KOA.*® The WOMAC score, VMO, and VL thickness
were considered as primary variables, while the fiber angle
and volume of VMO, and fascicle length and pennate angle
of VL were considered as secondary variables.

The VMO and VL Muscles Ultrasonography

Ultrasound measurements (Chison ECO, China) were
made using a B-mode 5-7 MHz linear transducer. The
participants were assessed in the supine position with knees
and feet in the neutral position. A line from the superior
pole of the patella to the anterior superior iliac spine was
marked on the patient’s skin. The thickness of the VL
muscle was measured at 50% of this distance and at 10%
of thigh circumference in the lateral direction according to
the method described previously.” Once the measurement
point was determined, according to the method described
by Raj et al, the muscle “pennation angle was measured
as the angle between the muscle fascicles and the deep
aponeurosis, and fascicle length was measured as the
length of a fascicle between its insertions at the superficial
and deep aponeurosis” (Figure 2).>> The thickness of the
VMO was measured at 2 cm above the patella and 12.5% of
thigh circumference in the medial direction.” By moving
the probe into the caudal position, the volume of VMO
was observed.” In order to measure the fiber angle of the
VMO, when the VMO fibers were seen to be parallel, the
angle between the borderline of the ultrasound probe to
the line from the anterior superior iliac spine to the center
of the patella was measured (Figure 3).*

Intervention Protocols
Control Group
The control group interventions consisted of an infrared
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Figure 1. Participants’ Flow Chart. KOA: Knee osteoarthritis, HILT: High-intensity laser therapy, LLLT: Low level laser therapy
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Figure 3. Vastus Medialis Oblique Ultrasonography: (a) Thickness, (b) Volume, (c,d) Fiber Angle

lamp (Novin Company, Iran) for 20 minutes at a distance
of 50 cm from the skin and transcutaneous electrical
nerve stimulation (Novin company, Iran) for 20 minutes
with a modulating frequency of 3-120 Hz. The exercise
program included (a) The patient pulled their foot

towards themselves in a long sitting position by an elastic
band (for calf muscle stretching), and straight leg raising
for hamstring muscle stretching, three sets of 30 seconds;
(b) Isometric strengthening exercise of the quadriceps, for
three sets of 10 repetitions, and isotonic contractions on
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quadriceps table, for three sets of 10 repetitions (the weight
resistance was set based on each patient’s tolerance).

LLLT Group

In addition to the interventions undertaken by the control
group, the LLLT group received laser PBM at an 808 nm
wavelength, with an output peak and average power of 50
mw, energy density of 12 J/cm? continuous mode, single
diode probe, and spot size: 0.19 cm? (CARCI Med Ltd
Company, Brazil). The participants were in the supine
position with the affected knee in 30-degree flexion and
supported by a pillow. There were four application points
at the medial knee, four points to the lateral knee, one
supra-patellar point, and one infra-patellar point.** The
laser probe was applied in direct contact with the skin at
each point, and the total radiation time to the knee was
912 s per treatment session.?! Calibration of the laser was
done every six months (Figure 4).

HILT Group

In addition to the interventions in the control group,
participants in the third group received HILT (808 nm,
1600 mW + 650 nm visible beam, Elettronica Pagani, Italy).
The patients were in the supine position and the knee was
flexed at 30 degrees by a pillow. A scanning technique was
performed transversely and longitudinally to the anterior,
medial, and lateral aspects of the knee joint. The area of
irradiation was 20 cm? and the parameters of the laser
were as follows: wavelength of 808 nm, output power 1.6
W, and energy density of 12 J/cm?, continuous mode, and
irradiation area: 20 cm? The treatment time was 300 s per
session (Figure 5). The parameters for intervention groups
were selected according to recent evidence and devices
which were available in practice 22> 3¢, All participants
received ten consecutive treatment sessions over two
weeks. Participants who did not complete the required
number of sessions were excluded from the study.

Data analysis

A paired t-test was performed to examine within-group
changes, and two-way ANOVA (3x3) was performed
for between-group differences. The post-hoc Bonferroni
analysis was used to compare specific group differences.
In the current study, SPSS/PC Ver. 19.0 was used for
statistical processing and the statistical significance level
was set at a=0.05.

To determine the final sample size, first, a preliminary
study was performed on 15 patients; then, using the data,
the final sample size was determined according to the
following formula (95% confidence and 90% test power):

[ZILZ+ZI /3]2(5‘1+S2)
n=l>~=__ 7

(/11 —/12)2

Results

Ninety participants completed the study with participants
equally divided into three study groups (n=30). Figure 1
represents the participant flow chart.

Table 1 shows the demographic and baseline clinical
characteristics of the participants with OA. There were
no significant differences in terms of demographic
information between the groups. The baseline scores of
WOMAC, muscle thickness, fascicle length and pennate
angle of the VL muscle, and thickness, volume and fiber
angle of the VMO showed no significant differences
between the groups before the interventions (Table 2).

There were significant differences in within-group
comparisons (Table 2) before interventions, after
interventions, and at a one-month follow-up in the
three groupss WOMAC disability scores (P<0.001). The
between-group comparison revealed a significantly lower
score of WOMAC in the HILT group compared to other
groups after a one-month follow-up (P=0.03). There
were no significant differences between the groups after
the end of 10-session treatment (P=0.79). The within-
group comparisons showed that the VMO thickness
increased significantly in HILT (P<0.001) and LLLT

Figure 4. Low-Level Laser Therapy

Figure 5. High-Intensity Laser Therapy
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Table 1 The Demographic and Clinical Characteristics of the Subjects in All Groups

Variable HILT Group (mean+SD) LLLT Group (mean+SD)  Control Group (mean+SD) P Value

Age 50.47 +7.45 51.0+8.80 49.83+7.39 0.849

BMI 28.26+6.41 30.10+2.72 31.04+6.20 0.132
Right 14 (46.7) 22 (73.3) 20 (66.7)

Dominant leg 0.08
Left 16 (53.3) 8(26.7) 10 (33.3)
Right 15 (50) 15 (50) 15 (50)

Affected leg 1.00
Left 15 (50) 15 (50) 15 (50)
Grade 1 16 (53.3) 10 (33.3) 12 (40)

K-L radiographs 0.56
Grade 2 14 (46.7) 20 (66.7) 18 (60)

HILT: High-intensity laser therapy, SD: Standard deviation, LLLT: Low level laser therapy, BMI: Body mass index, K-L: Kellgren-Lawrence.

Table 2 Changes in WOMAC and Architecture of VL and VMO Among Treatment Groups After 10 Sessions and 1-Month Follow-up

Group
Variable Time P Value
HILT group (mean+SD)  LLLT group (mean+SD)  Control group (mean+SD)

Before 49.23+21.86 57.73+21.21 49.83+17.06 0.19

After 37.53+24.07 41.20+20.82 38.60+£19.57 0.79
WOMAC

Follow up 28.40+20.77 44.10+£23.33 35.47+24.02 0.03*

P value <0.001* <0.001* <0.001*

Before 18.87+4.25 17.12+£5.05 18.88+3.77 0.20

After 18.01+4.09 17.13+5.21 18.63£4.25 0.44
Thickness of VL

Follow up 18.15+3.91 18.25+6.43 18.99+4.19 0.77

P value 0.40 0.33 0.53

Before 1.49+0.48 1.28+0.44 1.54+1.74 0.60

After 1.59+0.55 1.52+1.13 1.46+0.67 0.83
Fascicle Length of VL

Follow up 1.54+0.54 1.31£0.54 1.25+0.40 0.07

P value 0.97 0.70 0.28

Before 19.80+5.88 18.33+6.43 18.50+5.70 0.58

After 18.23+6.39 16.06+6.13 18.70£7.25 0.26
Pennate angle of VL

Follow up 20.36+6.18 17.00+6.76 18.66+6.21 0.13

P value 0.31 0.12 0.66

Before 30.73+7.11 29.85+6.77 29.48+6.51 0.06

After 34.94+7.62 28.45+8.54 29.08+5.84 0.002*
Thickness of VMO

Follow up 33.54+8.31 32.57+7.42 31.55+6.15 0.58

P value <0.001* 0.02* 0.15

Before 47.90+9.66 49.83+9.95 48.76+13.45 0.79

After 51.76+11.02 50.94+14.47 46.13+11.61 0.17
Fiber angle of VMO

Follow up 51.83+11.99 45.83+11.86 48.40+12.10 0.15

P value 0.13 0.42 0.67

Before 3.89+£0.93 3.44+1.16 4.03+1.13 0.09

After 3.65+1.05 3.39+1.00 3.98+1.11 0.05
Volume of VMO

Follow up 3.93+£1.10 3.50+1.34 3.99+1.14 0.13

P value 0.06 0.23 0.23

WOMAC: Western Ontario and McMaster Universities Index, VL: Vastus lateralis, VMO: Vastus medialis obliquus, HILT: High-intensity laser therapy, SD:
Standard deviation, LLLT: Low-level laser therapy.
* Significant.
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(P=0.03) groups. VMO thickness showed a significant
increase in the HILT group after the end of 10 sessions of
treatment in the between-group comparisons (P=0.002).
The fiber angle and volume of the VMO in the within-
and between-group comparisons showed no significant
differences before or after the treatment or at a one-
month follow-up (P> 0.05). The thickness, fascicle length,
and pennate angle of VL muscle did not change (Table 2).

Discussion

The findings of the present study showed that both HILT
and LLLT improved the functional ability and VMO
thickness in patients with KOA. Although functional
ability increased in the HILT group, VMO thickness was
similar between all groups at a one-month follow-up. The
VL structures did not change in within- and between-
group comparisons. Therefore, it is not clear how
changes in muscle thickness may have been related to the
outcomes measured by the WOMAC tool, and further
study is warranted.

The LLLT hasbeen previously found to stabilize calcium,
sodium, and potassium ions and improve ATP production
by affecting mitochondria, thereby increasing blood flow
and removing the inflammatory substances from the
environment. In humans, LLLT slows nerve conduction
velocity and can reduce compound action potential
amplitude.” As noted by Wickenheisser et al, laser therapy
can reduce or inhibit prostaglandin E2 and inflammatory
cytokines such as tumor necrosis factor alpha (TNEF- a),
nuclear factor kappa B (NF-kB), cyclooxygenase-2, and
interleukin (IL)-1B.”.Consequently, the LLLT may not
only influence the KOA pain, stiffness, and inflammation
but also increase blood flow in the tissues around the
knee.’®* Jankaew et al showed that LLLT with an 808
nm wavelength may improve knee extensor strength and
functional performance in patients with KOA.* Whilst
the mechanism and physiological effects of the LLLT are
now relatively well-established, the literature regarding
the HILT remains in its infancy by comparison.®
Theoretically, due to its power per pulse, short pulse
duration, and long inter-pulse interval, the HILT may
deliver energy to greater tissue depth in a shorter period
without causing tissue damage.”**® Yet, the HILT may
be less well absorbed by chromophores, and its thermal,
mechanical, electrical, and photochemical effects should
be further studied.>*

The findings of the present study regarding the effects
of LLLT on functional ability were similar to those of
previous studies.*! In a study by Gendy et al, the patients
with grade 2 and grade 3 KOA were irradiated using LLLT
around the knee. They concluded that LLLT was effective
in pain reduction and functional ability of the patients
with KOA.** Furthermore, Elboim-Gabyzon and Nahhas
revealed immediate effects of LLLT on pain and function
in patients with KOA.* The benefit of adding PBM to

an exercise program was demonstrated in another study
by Youssef et al, who compared WOMAC disability
outcomes in an exercise-only group with two other groups
receiving exercise plus different combinations of LLLT
parameters. In their study, the within- and between-group
comparisons showed that functional ability improved
significantly despite the low sample size and lower
energy density compared to our study.* Increasing blood
supply and myogenin, modifying gene expression, and
decreasing creatine kinase may be mechanisms of LLLT
related to the improvements noted in functional ability in
OA patients.*>**** However, in some studies, both LLLT
and HILT did not improve pain and functional ability in
OA patients, especially in a long-term follow-up.?*4

Almost all research studies on PBM in KOA emphasize
pain as a main outcome.”** Pain levels may be influenced
by the ability of muscles (strength) to control the stability
of an arthritic joint. In the present study, we considered
muscle activity as a primary variable to assess the effects
of PBM. The findings of the present study revealed that
HILT increased the VMO thickness in the short term,
an interesting outcome. Neuromuscular facilitation
using electrical muscle stimulation occurs in part by
increasing motor unit recruitment, thus changing muscle
activation in the short term, which is the first step towards
improving muscle morphology.*® As far as we are aware,
such a mechanism has not been shown as a consequence
of PBM. The possibility of improved muscle activation in
the long term, such as a three- or six-month follow-up,
remains an intriguing concept.

Recently, Ahmad et al compared the efficacy of LLLT
and HILT in patients with KOA. The findings showed
that HILT is more effective than LLLT in pain reduction
and functional ability in these patients.”” All outcomes in
Ahmad and colleagues’ study were self-reported, and they
did not mention the mechanism of HILT effectiveness.
However, Astri et al showed that HILT analgesic and
functional effects were faster and greater relative to LLLT
in KOA. HILT penetrates the therapeutic area widely and
accelerates the repair process by anti-inflammatory effects
which may increase blood circulation and cause vascular,
lymphatic, and neural changes.*® A network meta-analysis
has shown that HILT induced long-term effects on VAS
pain and WOMAC function in KOA, in comparison with
LLLT.*

Studies comparing LLLT and HILT have increased.
Although, in some studies, HILT was more effective
as an analgesic modality compared to LLLT, the body
of evidence is not yet mature enough to confirm any
difference regarding other outcomes such as muscle
activity and gait biomechanics.***? In future studies,
consideration of objective outcomes along with a long-
term follow-up should be undertaken to compare the
effects of HILT and LLLT in patients with KOA.*
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Limitations

We evaluated only the quadriceps muscle activity by
ultrasonography in patients with KOA. Changes in the
activity pattern of other periarticular musculature such
as the hamstrings may have impacted the findings. The
lack of long-term follow-up was another limitation of
the present study. We did not consider the control group
without any treatment due to ethical concerns.

Conclusion

Both HILT and LLLT may improve the functional ability
and VMO thickness in patients with KOA. HILT was
more effective than LLLT for knee functional ability at a
one-month follow-up. The findings of the present study
revealed that laser PBM, especially HILT, should be
considered in KOA management. Future studies should
be done using objective outcomes to clarify laser PBM
effects on OA.
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