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Abstract: Background: Knee osteoarthritis (OA) is a common disease worldwide and causes disability in elderly. Recent
studies showed that therapeutic ultrasound (US) can reduced pain in various musculoskeletal disorders. Objective: To
determined the effect of low-intensity pulsed US on quality of life and reduction of pain in grade 1 to 3 knee OA. Material and
methods: We conducted a randomized control trial before and after therapy in 61 knee OA patients. We applied 12 sessions of
low-intensity pulsed US, 20 minutes each, with frequency 1 MHz, and intensity of 0.2 W/cm2, duty cycle of 20% to 28
patients. Thirty three patients without therapy were categorized as control group. Reduction of pain by a visual analog scale
and Quality of life by The Western Ontario and McMaster Universities (WOMAC) questionnaire, were obtained before and
after 12 sessions. We used the Wilcoxon test to compare the median and the Mann-Whitney U test for the difference between
groups with a p value of 0.05 was considering as significant. Results: We observed a reduction of pain in therapy group (VAS
before 3.5 (2/7); after 2.0 (0/5); p=0.001) and also in control group (VAS before 5.1 (2/8); after 4.0 (2/7); p=0.001), but the
reduction was significantly more prominent in therapy group (p=0.004). There was a better quality of life in therapy group
(WOMAC before 21.35 (4.2/52.1); after 11.45 (0.0/47.9); p=0.001) and also in control group (WOMAC before 25.00
(5.2/60.4); after 20.83 (3.1/55.2); p=0.001), but the score was significantly better in therapy group (p=0.001). Conclusions:
Twelve sessions of low-intensity pulsed US has a benefit effect over pain and quality of life in knee OA patients.
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based on the application of mechanical energy, produced by
sound waves at different frequencies, to a tissue in order to
induce a biological response [3]. Therapeutic US treatment,
such as those using low-intensity pulsed US wave energy, are
widely used to treat pain and various musculoskeletal
disorders including bone fractures, shoulder pain, pressure
ulcers, and muscle soreness [4,5]. Recent clinical trials show
therapeutic US such as low-intensity US can improve OA-
associated pain and dysfunction, although its effects in
modifying disease progression require to be further studied
[6]. The other study had shown that the mechanical stimulus
produced by low-intensity ultrasonic energy (spatial average
temporal average intensities between .03—.62W/cm2)
promotes chondrogenesis in human cell cultures and animal
models of cartilage injury. These observations suggest that
low-intensity pulsed US could favor the repair of injured

1. Introduction

Osteoarthritis (OA) is a common disease associated with
significant morbidity, and its prevalence increases with age
[1]. Knee OA is the most common presentation of OA, with
an estimated prevalence between 12% and 35% in the
general population and is considered the leading cause of
musculoskeletal disability in the elderly population
worldwide. Osteoarthritis which result in the deterioration of
joint structure and function is one of the cause of long term
disability and pain in adults. Functional deficit, pain and
stiffness of the patient with severe OA may have influence on
the quality of life and had a significant economy impact [2].

Ultrasound therapy is one of the most widely used physical
agents in physiotherapy practice. This treatment modality is
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cartilage and, if applied at early stages, may slow the
progression of OA. The mode of action is unclear, although
exciting new studies indicate that US activates the osteoblast
function [7]. Other study suggest that US may stimulate bone
healing processes such as endochondral ossification, and
inducing collagen and glycosaminoglycan production [8].
Consequently, low-intensity pulsed US may also be
beneficial for cartilage regeneration either in vivo or as part
of an in vitro tissue engineered approach [9].

The Western Ontario and McMaster Universities
(WOMAC) questionnaire measure health related quality of
life, developed for OA in the hip and in the knee [10,11].
Visual analogue scales (VAS) are often used in epidemiologic
and clinical research to measure the intensity or frequency of
various symptoms, particularly pain. They are generally
completed by patients themselves but are sometimes used to
elicit opinions from health professionals [12]. The aim of this
study was to investigate the effect of low-intensity pulsed US
on quality of life and reduction of pain in grade 1 to 3 knee
osteoarthritis (OA) patients.

2. Subject and Methods

We conducted a randomized control trial before and after
therapy in R.D. Kandou Hospital, Manado, Indonesia, since
May until October 2014. Sixty one patients aged 33 to 77
years, with knee OA were included in this study. A simple-
computerized random-number generator was used to allocate
the participants to 1 of 2 groups (therapy or control). The
diagnosis of knee OA according to the criteria of American
College of Rheumatology [13], stages 1, 2 and 3 according to
the classification by Kellgren-Lawrence (KL) [14]. Exclusion
criterias were OA stage 4 KL, intra articular knee effusion,
contraindication for using US, corticosteroid intra articular
injection 6 months prior to the study. Drop out criteria was
patient not continue all session. This study was approved by

the ethics committee of Kandou Hospital, Manado, Indonesia.

We applied 12 sessions of low-intensity pulsed US, 20
minutes each, with frequency 1 MHz, and intensity of 0.2
W/em2, duty cycle of 20% using an intellect mobile model
physiomed therapeutic US apparatus. Application of low-
intensity pulsed US was performed by physiatrist, in the
Department of Physical Medicine and Rehabilitation,
Kandou Hospital. Participants were positioned in a supine
position with the affected knee flexed at 90° and the sound-
head was held stationary over the tibiofemoral joint
superomedial and lateral to the patellar tendon to enhance
energy penetration into the joint space. Twenty eight patient
received treatment were categorized as therapy group and 33
patients without therapy were categorized as control group.
The severity of knee pain was assessed on 2 occasion, before
the start of treatment and after 12 sessions using a visual
analog scale (VAS) consisting of a 10 cm horizontal line,
with anchor points of 0 (no pain) and 10 (maximum pain).
Quality of life was obtained by The Western Ontario and
McMaster Universities (WOMAC) questionnaire which has
been validated in the knee OA population, at baseline and

after the completion of the interventions. This 24-item
questionnaire has 3 domains (pain, stiffness, and physical
function) and the total score ranges from 0 (best) to 96
(worst).

We used the Wilcoxon test to compare the median and the
Mann-Whitney U test for the difference between groups with
a p value of 0.05 was considering as significant.

3. Results

A group of 61 patients were studied, formed by 28 patients
of therapy group and 33 patients of control group. The mean
age of therapy group was 56.3 (10.6) years and control group
was 56.8 (11.2) years. The median of OA KL stages in both
group were 3 (1/3). Demography characteristics of 2 groups
before therapy were showed in table 1 and clinical
characteristics were showed in table 2.

Table 1. Baseline demographic characteristics.

Variable Therapy (n=28) Control (n=33)
Age, mean (SD), years 56.3(10.6) 56.8 (11.2)
BMI, mean (SD), Kg/cm2 ~ 25.53 (3.21) 25.77 (3.23)
Sex women, n (%) 24 (85.7) 29 (87.9)

Joint pain measured by Visual Analog Scale showed a
significant reduction in therapy group (mean VAS before 3.7
(1.3); after 2.1 (1.2); p=0.001) and also in control group
(VAS before 4.9 (1.5); after 3.9 (1.4); p=0.001). There was a
significant difference between the reduction of therapy group
and control (p=0.004).

There was a better quality of life measured by WOMAC in
therapy group (WOMAC before 24.76 (12.37); after 13.46
(11.01); p=0.001) and also in control group (WOMAC before
29.88 (14.76); after 24.47 (13.19); p=0.001), There was a
significant difference the increase quality of life between
therapy group and control (p=0.001).

Table 2. Baseline clinical characteristics.

Variable Therapy (n=28) Control (n=33)
Visual analogue scale, median
(i) 3.5@2/7) 5.1(2/8)

WOMAC, median (min/max) 21.35(4.2/52.1) 25.00 (5.2/60.4)

4. Discussion

Osteoarthritis is a joint disorder that can be caused by a
joint wear or tear and the causes are not fully understood yet,
however, it is mainly due to aging, genetic inheritance,
obesity, long-term overuse and fractures and its typical
symptoms include pain, stiffness, cracking sound, and
swelling of the joint. Articular cartilage is a firm and rubbery
connective tissue found in several areas in the human body
especially in a joint and intervertebral disc. It functions as
cushion for the bone to bone and it allows gliding over. Since
there is no blood supply in articular cartilage, it causes the
arrested the repairing process when the articular cartilage is
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injured [15]. Although several treatment methods are
available in clinics such as direct surgery, medications and
physical therapy, those methods are still in development and
cannot provide full recovery of injured cartilage so far.

Ultrasound therapy is one of the most common physical
agents used within physiotherapy practice in several
countries. Ultrasound therapy is based on the application of
high frequency sound waves to the tissues of the body in
order to obtain mechanical or thermal effects. These effects
aim to enhance soft tissue healing, decrease the inflammatory
response, increase blood flow, increase metabolic activity,
and decrease pain. Moreover, there is some evidence that
ultrasonic energy stimulates the repair of joint cartilage in
animal models of cartilage injury. Therefore, US could be an
effective intervention in the management of pain and
disability in people with knee OA [4,6].

In this study, we conducted a randomized, controlled trial
to evaluate the effectiveness of low-intensity pulsed US
treatments in patients with symptomatic knee OA. Significant
decreases were observed in all groups with regard to reduced
pain; however, patients in the therapy group demonstrated
more improvements significantly compared with the control
group. The same result was reported by Tascioglu et al. [16]
that found reduction of VAS in therapy and control group, but
more prominent in therapy group.

The present study also found significant improvements in
total WOMAC scores in both groups compared with baseline,
although more improvement significantly demonstrated by
the patients in the therapy group

Improvement in pain and quality of life were also observed
in the control group in this study. This non-specific treatment
effect, often known as the placebo effect, may be attributed
to the attention, interest and concern displayed by the
physician and to patients’ expectations of the effects of
treatment [17]. There is also evidence that placebo-induced
analgesia is mediated by the release of endogenous opioid
peptides [18].

Ozgonenel et al, [19], investigated the effectiveness of US
therapy in knee OA, suggested that therapeutic US is an
effective treatment modality in knee OA. Loyola-Sanchez, et
al. [6] reported that US therapy could have a beneficial effect
on pain and physical function in patients with knee OA.

The exact mechanism of action of therapeutic US remains
unknown although it is used to treat various musculoskeletal
disorders. Depending on the energy and way the US is
delivered, the biophysical effects of US are traditionally
separated into thermal and non-thermal effects. Thermal
effects are caused by vibration or rotation of macromolecules
in the tissue, which result in frictional heat and a rise in
temperature. Non-thermal effects are characterized by the
formation of tiny gas bubbles (stable cavitation) and the
movement of liquid around the vibrating bubbles (acoustic
streaming) in the tissue. Heat increases are predominately
observed in tissues exposed to continuous high intensity US.
In tissues treated with low-intensity pulsed US, the non-
thermal effects are dominant [3,9]. Analgesia induced by
therapeutic US may be the result of increased capillary

permeability and tissue metabolism, enhancement of fibrous
tissue extensibility and elevation of the pain threshold by
thermal mechanisms. Deep heating with US can produce a
temporary increase in the extensibility of highly collagenous
structures such as tendons, ligaments and joint capsules. Non
thermal effects are less well understood and include
molecular vibration, which increases cell membrane
permeability and thereby enhances metabolic product
transport, fibroblast production, collagen synthesis, and
alterations to the extracellular matrix arrangement. It is
thought that pain relief may occur as a result of the activation
of A-a and A-B mechanoreceptors that inhibit nociceptive
transmission in A-6 and C-fiber pathways as a proposed pain-
gating mechanism [20].

Loyola-Sanchez et al. [7] assessed the effect of US therapy
on cartilage repair by MRI-based techniques in patients with
mild to moderate knee OA. In that study, the medial tibia
cartilage thickening observed in the experimental group
suggests that US may have a positive effect on the cartilage
repair process in people with mild to moderate knee OA with
age as an important mediator. This possible effect can be
explained by the mechano-transduction pathway theory,
which suggests that repetitive mechanical stimuli induce
extracellular protein production, improving the formation of
cartilage [21]. Several studies conducted in animal models of
cartilage injury have demonstrated a positive effect of low-
intensity US on cartilage repair [22-24].

There were some limitations of the present study. First, we
only evaluate short-term effectiveness of therapeutic US.
Secondly, the dosage and the intensity of US, the size of the
area treated or the duration of the treatment were not
addressed in this study. This limits our understanding about
the ideal US therapy prescription and there is little in the
literature giving guidance on what may be the optimal dosage.

5. Conclusion

In conclusion, we suggest that low-intensity pulsed US
therapy is a safe and effective treatment modality for pain
relief and that it improves quality of life in patients with knee
OA. Further research is required to investigate the long-term
efficacy, other dosages and forms of application of
therapeutic US.
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