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Abstract

Osteoarthritis is a degenerative joint disease that affects predominantly hands and knees of the elderly
population, being characterized by chronic pain and limitation of joint movements. Therapeutic approaches to ease
the pain, as low-intensity pulsed ultrasound and photobiomodulation (low-level laser therapy) have been broadly
used as a complement to drug treatment of osteoarthritis. The aim of this study was to evaluate the synergic effect
of LIPUS associated to LLLT on osteoarthritis of hands and knees. For this, 69 patients, being 48 affected by knee
osteoarthritis and 21 affected by hand osteoarthritis were selected for the study. Patients were evaluated by the
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) for knee osteoarthritis and by Australian
Canadian Osteoarthritis Hand (AUSCAN), for hands osteoarthritis. All patients filled out the Visual Analogue Scale
(VAS) pain questionnaire, which showed statistical improvement of hands (p<0.001) and knees (p<0.001) when
comparing before and after treatment. Functional evaluation by AUSCAN showed improvement of hands
functionality (p<0.002). Results showed that the synergic therapy of LIPUS and LLLT were efficient in the treatment
of hands and knees osteoarthritis, providing a new approach of a non-pharmacological and non-invasive treatment
that contributes to better quality of life for the patients with this chronic and degenerative pathology.
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Introduction
Osteoarthritis is a degenerative rheumatologic condition that affects

people over 40 years old, being characterized by chronic pain, loss of
joint flexibility, edema and grating sensation [1]. Mechanical and
genetics background can contribute to the condition, affecting mostly
hands and knees [2,3]. Sore or stiff joint is the most common
complaint about osteoarthritis and results in loss of joint strength,
impaired mechanical function, loss of flexibility and decreased activity
of daily life, which affects directly one’s quality of life.

The default non-pharmacological treatment to osteoarthritis
consists in monitored physical activities as stretching and
strengthening the muscles around the affected joints [4,5], increasing
physical conditioning and diminishing the joint action in a singular
way, decreasing the pain and increasing quality of life. In addition to
that, photobiomodulation (PBM) and therapeutic ultrasound are also
used as an approach to decrease pain due to its analgesic and anti-
inflammatory effect [6,7].

Recent studies produced by the Institute of Physics of São Carlos,
University of São Paulo, used a device prototype that simultaneously
emitted therapeutic ultrasound and low-level laser for
photobiomodulation therapy. This device was responsible for
contributing to the analgesic and anti-inflammatory effect as well as
enzymatic and mitochondrial modulation produced by the
phototherapy associated with up to the cavitation effect produced by
the ultrasound, potentializing the treatment [8,9,10,11]. The
conjugation of both treatments is based on ultrasonic and light field

superposition [12,13], resulting in higher analgesic and anti-
inflammatory effect and stabilizing the cartilage degeneration [14,15].

The objective of this study was to expand the studies based on
ultrasound and laser conjugation to treat hands and knee
osteoarthritis, presenting a larger sample number and evaluating
before and after treatment with this new combined therapeutics
technique.

Materials and Methods

Laser and ultrasound prototype
The device prototype was designed and assembled by the

Technological Support Laboratory of the Institute of Physics of São
Carlos, University of São Paulo.

Figure 1: Demonstrative of laser and ultrasound synergic
application on phalanx joint and on knee joints.

This prototype allows laser and ultrasound emission simultaneously,
overlapping both fields and contributing to the synergic effect caused
by both at the tissue (Figure 1).
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Patients and evaluation
For the study, 69 patients aging 67 years old were selected, being 48

diagnosed with knee osteoarthritis and 21 with hands osteoarthritis.
Exclusion factors considered were pre-existence of other chronic
and/or degenerative diseases as autoimmune diseases and fibromyalgia
and drug infiltration treatment three months prior to the beginning of
the project. Patients were evaluated by the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC) questionnaire
for knees osteoarthritis and by the Australian Canadian Osteoarthritis
Hand (AUSCAN) questionnaire for hands osteoarthritis. All
evaluations were performed before and right after each treatment
session.

For hands osteoarthritis, the box and block test – defined as block
displacement by manual manipulation which measures the functional
capacity, is defined by the number of blocks displaced after
manipulation – was applied.

Intervention protocol
Intervention protocol was applied twice a week, totalizing 8

sessions, both in hands and knees osteoarthritis groups. The
parameters set up are described in Table 1.

Parameters set up for hands osteoarthritis treatment

Ultrasound: Pulsed, frequency 1 MHZ, 100 Hz, 50% of working cycle and spatial average temporal average (SATA) of 0,5 w/cm²; Laser: Wavelength 660 nm,
continuous, 100 mW and power density of 60 mW/cm². Application time: 6 minutes for each hand.

Parameters set up for knees osteoarthritis treatment

Ultrasound: Pulsed, frequency 1 MHZ, 100 Hz, 50% of working cycle and spatial average temporal average (SATA) of 0,5 w/cm²; Laser: Wavelength 660 nm,
continuous, 100 mW and power density of 60 mW/cm². Application time: 8 minutes for each hand.

Table 1: Therapeutic ultrasound and laser parameters set up for the treatment of hands and knees osteoarthritis.

Results
The patients of the study were evaluated according to pain index

and joint functionality. The tests used for the analyses (VAS, WOMAC,
AUSCAN and BOX AND BLOCK TEST) showed statistical difference
after treatment when compared to the initial stage.

Figure 2 shows the Visual Analogue Scale (VAS) of both knee and
hands osteoarthritis patients, indicating significant pain relief of knee
osteoarthritis (p<0.001) as well as osteoarthritis of hands (p<0.001).

Figure 2: Comparative of visual analogue scale (VAS) of patients
with hands or knees osteoarthritis before and after treatment with
the simultaneous application of therapeutic ultrasound and
photobiostimulation (laser). Values are expressed as mean value and
standard deviation. For knee and hands osteoarthritis, the VAS
analysis was significantly different (p<0.001) according to “t”
Student test for p<0.05.

The WOMAC evaluation, specific for knee osteoarthritis, indicated
improvement of joint functionality when comparing before and after
treatment (p<0.0001) (Figure 3).

Figure 3: Comparative of the WOMAC test before and after
treatment of patients with knee osteoarthritis treated with the
simultaneous application of therapeutic ultrasound and
photobiostimulation (laser). Values are expressed as mean value and
standard deviation. For knee osteoarthritis, the analysis was
significantly different (p<0.001) according to “t” Student test for
p<0.05.

The AUSCAN questionnaire, specific for hands osteoarthritis,
showed a significant improvement of joint functionality (p<0.002)
when comparing patients’ condition before and after treatment (Figure
4).
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Figure 4: Comparative of AUSCAN questionnaire of patients with
hands osteoarthritis after treatment with simultaneous application
of therapeutic ultrasound and photobiostimulation (laser). Values
are expressed as mean value and standard deviation. For hands
osteoarthritis, the analysis was significantly different (p<0.002)
according to “t” Student test for p<0.05.

The box and block test analyses showed improvement of hands
functionality after treatment, with p<0.02 for right hand and p<0.07
for left hand. Although left hand improvement did not show statistical
difference for p<0.05, the patient’s improvement should be emphasized
since the condition after treatment represents improvement of 15.9%
when compared to the initial time (Figure 5).

Figure 5: Comparative of box and block test of patients with hands
osteoarthritis before and after treatment with simultaneous
application of therapeutic ultrasound and photobiostimulation
(laser). Values are expressed as mean value and standard deviation.
For right hand, the analysis showed statistical difference of p<0.02.
Although no statistical difference was found for left hand when
comparing before and after treatment (p<0.07), the functional
gained by the patients should be emphasized. Analyses according to
“t” Student test for p<0.05.

Discussion
Osteoarthritis is a chronic degenerative condition of the joints that

increases constantly in the Brazilian population due to changes in
pattern of population age pyramid. New therapeutic approaches are

constantly being proposed worldwide to the treatment of
osteoarthritis, aiming to improve the patient’s quality of life.

Several reports state that therapeutic ultrasound and low-level laser
therapy brings benefits to osteoarthritis patients [16,17], since
photobiomodulation can increase anti-inflammatory activity and
analgesic effect, resulting in reduction of joint pain. Still, it is stated
that both therapeutic approaches promote stabilization of articular
cartilage degeneration [14,15].

The present study shows the synergic effect when using therapeutic
ultrasound and photobiomodulation in patients with knee or hands
osteoarthritis. Questionnaires and functional tests proved to be
essential to quantify the patient’s improvement after treatment.

As observed in Figure 3, the VAS questionnaire allowed to evaluate
the pain index of the patient, both for hands and knees osteoarthritis.
Analyzing the results, it is possible to observe that pain, the most
limiting complaint about osteoarthritis, was significantly reduced for
both hands (p<0.001) and knee osteoarthritis (p<0,001).

Questionnaires WOMAC and AUSCAN, specific for knee and
hands osteoarthritis, respectively, showed results of joint functional
activity. It was observed improvement of joint functionality for both
groups (hands, p<0.002; knee, p<0.0001) when comparing before and
after treatment. Still, the hand group was submitted to Box and Block
test to evaluate hands strength and block movements in hand joints
during manipulation. The reduction of pain was observed in both
hands, but only the right hand had a statistically significant
improvement (p<0.02), while left hand showed a percentual
improvement of 15.9%.

Previous studies of our group [8-13] showed the synergic effect of
therapeutic ultrasound and photobiomodulation (low-level laser
therapy) in anti-inflammatory and analgesic modulation as a better
approach than using individual therapeutic alone. The use of low-
intensity pulsed ultrasound to the treatment of osteoarthritis
stimulates cartilage growth and proliferation of chondrocytes, apart
from stimulating anti-inflammatory response and analgesic effect with
no significant thermic action associated [10,18,19,20], being the
mechanical effect of ultrasound the major contributor to pain relief
[21]. The thermic effect on cells can result in higher metabolism,
higher blood flow and reduced chronic and subacute inflammation.
Structural effects consist in collagen extensibility of tendons, ligaments
and joint capsule and connective tissue contracture.

The longitudinal vibration caused by pulsed ultrasound waves
results in a negative pressure onto cells, which cause cell organelles and
biomolecules to increase cell metabolism and results in higher blood
flow through the blood vessels, consequently increasing local
temperature and oxygen supply [21,22]. This additional heat can be
converted to mechanical and electrical energy inside cells, increasing
molecular movements. It was observed that muscles cell can absorb
this energy source faster than adipose tissue [23,24]. The non-thermic
physical effects can promote cell permeability, protein synthesis and
ionic exchange through the cellular membrane, increasing tissue
repair. [25]. Still, the increase of vascular permeability and cell
metabolism contribute to analgesic effect by normalizing the
thermodynamic mechanisms involved in pain and mechanoreceptors
[12,26,27].

Photobiomodulation can promote cartilage regeneration by
stimulating chondrocytes proliferation and extracellular matrix
synthesis and secretion [28,29], contributing to higher blood flow,
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reduced edema and increase in tissue oxygen supply, contributing to
physiological mechanisms dependent of photochemical actions at cell
level by increasing the release of neurotransmitters involved in pain
modulation, as serotonin [30].

Thus, the present study highlights the importance of the new
technological device in treatment of osteoarthritis as an alternative to
pharmacological treatment of a chronic and degenerative disease,
contributing to increase the patients’ quality of life.

Conclusion
The ultrasonic and photonic technology combined showed to be a

great therapeutic approach in the treatment of hands and knee
osteoarthritis, resulting in relief of pain and increase in joint functional
movements. These results encourage the investigation of using the
combined ultrasound and laser technology to treat other chronical
joint diseases of shoulders, spine and hip and study the benefits it
could bring to post-operational rehabilitation.
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