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Abstract  

Background:  It is clear that OA is a complex multifactorial  
disease process involving cartilage catabolism and anabolism.  
LIPUS may play a potential chondroprotective role in chondro-
cyte metabolism; enhance cell proliferation and matrix pro-
duction.  

Aim of Study:  Is to investigate the effect of Low Intensity  
Pulsed Ultrasound (LIPUS) therapy on cartilage repaire in  
patient with grade 2 or 3 osteoarthritis of the knee.  

Methods:  Subjects were assigned in one pre and post  
study groupand receive 20 minutes of LIPUS with power 60  
mw/cm and frequency 100Hz over the medial tibiofemoral  
compartment of the knee of both lower limbs and that was 3  
times per week for successive three months. The clinical  
measures were obtained before the first session and after 36 th  
session, using the Musculoskeletal Ultrasound (MSUS) to  
assess cartilage thickness.  

Results:  There was a significant difference between MSUS  
before and after LIPUS treatment in left knee with  p-value=  
0.01. The mean MSUS increased from 1.81 to 2.27 with a  
difference 0.45 and in right knee with p-value=0.001. The  
mean MSUS increased from 2.09 to 2.44 with a difference  
0.34.  

Conclusion: LIPUS has a statistical difference over in-
creasing cartilage thickness measured by M.S.U.S in patient  
with mild to moderate knee osteoarthritis.  

Key Words:  Knee osteoarthritis – Ultrasound therapy – LIPUS  
– Musculoskeletal US.  

Introduction  

OSTEOARTHRITIS  is a degenerative osteoar-
thropathy, and affects typically knee, hip, spine  
and hand joints. It differs from simple wear and  
tear [1,2]  caused by abnormal joint loading and  
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frictional wear [3] . OA may have influence on the  
quality of life due to functional deficit, pain and  
stiffness of the osteoarthritic patient [4] . A loss of  
equilibrium between synthesis and degradation of  
cartilage components produces alterations of its  

structure and progressive cartilage thinning [5] . So  
it has been recently accepted as a joint cartilage  
disease [6] .  

Knee osteoarthritis is the most common pres-
entation of OA, with an estimated prevalence  
between 12% and 35% in the general population  
[7] . Generally can be subcategorized into primary  
(idiopathic) and secondary OA [8] . OA has tradi-
tionally been diagnosed with radiographs that  
demonstrate Joint Space Width (JSW) and osteo-
phytes. Recently, modalities such as Magnetic  
Resonance Imaging (MRI) and Ultrasound (US)  
have enhanced OA diagnosis [9] . But, Ultrasonog-
raphy (US) has long been the domain of radiolo-
gists. However, with advances in technology and  
wide availability. US is being used as an extension  
to physical examination. It has become the primary  
modality of imaging for most of MSK conditions  
[10].  

Low Intensity Pulsed Ultrasound (LIPUS) is a  

representative therapy in the orthopedic field and  

[11].It is a form of mechanical energy transmitted  
transcutaneously by high frequency acoustic pres-
sure waves. with intensity of (30mW/cm2) which  
is the range of ultrasound intensities used for  
diagnostic purposes (1-50mW/cm

2
) and is regarded  

as non-thermal and non-destructive. The LIPUS  
device produces a 200gs burst of 1.5MHz acoustic  
sine waves, that repeats at a modulation frequency  
of 1mHz, and provides a peak pressure of 30  
mW/cm2  [12] .  
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Low Intensity Pulsed Ultrasound (LIPUS) has  

been used successfully for bone fracture repair and  

has therefore been suggested for cartilage regener-
ation. However, previous in vitro studies with  
chondrocytes show conflicting results as to the  

effect of LIPUS on the elaboration of extracellular  

matrix [13] . Also it promotes type-IX collagen  
accumulation, thus resulting in an increased matrix  

production and proliferation of chondrocytes [14] .  

Material and Methods  

This study was conducted in the out-patient  

clinic of Faculty of Physical Therapy, Misr Uni-
versity for Science and Technology. Subjects were  
selected by applying convenient sample selection  

method and received the intervention protocol for  
three successive months at the period from (October  
2018 to January 2019). Thirty two female with  

mild and moderate osteoarthritic knees according  

to the classification by kellgren and Lawrence [15]  
aging 50-70 years OA according to the criteria of  

the American College of Rheumatology [16]  and  
with BMI between (28.7-47.2). Patients with history  

of serious lower limb or spine injury throughout  

the time of the study, history of previous surgeries  

or trauma in lower limb or spine, concurrent injuries  

in lower limb or spine and patient taking any  
medications that may affect on knee osteoarthritis  

throughout the time of the study were excluded  

from this study.  

All participants gave written informed consent  

prior to participation in the study approved by  

Research Ethical Committee, Faculty of Physical  
Therapy, Cairo University (No:P.T.REC/012/  
002043).  

Instruments:  

Scale of weight and height, musculoskeletal  
ultrasongraphy and OSTEOTRON IV-ultrasound  
bone growth stimulator. (3-3-3 Toyotama-Minami,  

Nerima-ku, Tokyo 176-0014, Japan-TEL: 81-3- 
3994-4619-FAX: 81-3-3994-1465 URL: http://  

www.itocoltd.com  e-mail: itocoltd@itolator.co.jp).  

Intervention protocol:  

Subjects were assigned in one pre and post  
study group with BMI between (28.7-47.2) deter-
mined according to the following formula: BMI=  
kg/m2  where kg is a person's weight in kilograms  
and m2  is their height in meters squared. A BMI  

of 25.0 or more is overweight, while the healthy  
range is 18.5 to 24.9.  

Low intensity pulsed ultrasound application:  
The patient was supine with 30 degree flexion  

knee which might have influenced the correct  
penetration of the energy in the area of intended  

treatment and receive 20 minutes of LIPUS with  

power 60mw/cm and frequency 100Hz over the  
medial tibiofemoral compartment of the knee of  
both lower limbs (dominant and non dominant)  
and that was 3 times per week for successive three  

months. They were evaluated before and after  

treatment using the musculoskeletal ultrasound  

and all examination results were recorded from  

before and after LIPUS treatment for the same  

subject. In this study comparisons were made  

within the same subject at the same affected knee,  
so all risk factors affecting severity of knee OA  

were equal throughout the time of the study within  
the same subject. All measurements were recorded  

by the same examiner to avoid inter-tester varia-
bility.  

Results  

All statistical measures were performed using  
the Statistical Package for Social Science (SPSS)  

program Version 16 for windows. Prior to final  
analysis, data were screened for normality assump-
tion, and presence of extreme scores. This explo-
ration was done as a pre-requisite for parametric  

calculation of the analysis of difference. To deter-
mine similarity between the groups at base line,  
participant's age, weight, height, and Body Mass  

Index (BMI) were compared using independent t-
tests.  

Table (1) represents that was a significant dif-
ference between MSUS before and after LIPUS  

treatment in right knee with p-value=0.001 and  
paired t-test=4.01. As illustrated in Fig. (1) the  

mean MSUS increased from 2.09 ±0.55 before  
LIPUS treatment to 2.44±0.51 after LIPUS treat-
ment with a difference or an increase equal to 0.34  
which means that the treatment was effective in  

increasing MSUS for right knee.  

Table (1): Difference between Musculoskeletal Ultrasonogra-
phy (MUSU) before and after LIPUS treatment in  

right knee.  

MSUS  Mean  SD  

Before LIPUS treatment  2.09  0.55  
After LIPUS treatment  2.44  0.51  
Difference  0.34  
t-value  4.01  
p-value  0.001 *  

*: Significant at p-value <0.05.  
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Fig. (1): Difference between MSUS before and after LIPUS  
treatment in both knee.  

Table (2) represent that was a significant dif-
ference between MSUS before and after LIPUS  

treatment in left knee with p-value=0.01 and paired  
t-test=2.96. As illustrated in Fig. (1) the mean  

MSUS increased from 1.81 ±0.33 before LIPUS  
treatment to 2.27 ±0.55 after LIPUS treatment with  

a difference or an increase equal to 0.45 which  

means that the treatment was effective in increasing  

MSUS for left knee and the effect was better than  
the right knee where the increase was only 0.34).  

Table (2): Difference between MSUS before and after LIPUS  
treatment in left knee.  

MSUS  Mean  SD  

Before LIPUS treatment  1.81  0.33  
After LIPUS treatment  2.27  0.55  
Difference  0.45  
t-value  2.96  
p-value  0.01*  

*: Significant at p-value <0.05.  

Discussion  

There are different types of cartilage, show  

different reactions to LIPUS stimulation as endo-
chondral cartilage, and hyaline cartilage [17] . Which  
known as articular cartilage that covers the condyles  

of bones, and provide pain-free flexible movement.  

Also it is composed of a few chondrocytes and an  
extracellular matrix [18,19] . However cartilage does  
not have blood vessels or nerves; therefore, it has  

a limited capacity for intrinsic healing and repair.  
Sowhen it is damaged eventually progresses to  
osteoarthritis [20,21] .  

So the aim of the current study was to investi-
gate the effect of low intensity pulsed ultrasound  

stimulation on knee osteoarthritis and the integrity  

of articular cartilage of the knee and its thickness.  

The finding of current study revealed that there is  
asignificant difference in cartilage thickness in  

domin ant and non dominant leg.  

Till the author knowledge the effect of (LIPUS)  

on the tested variables of interestamong the oste-
oarthritic women. Some studies have reported that,  

the LIPUS may influence both chondrocyte prolif-
eration and matrix production of articular human  

cartilage in vitro, so it might provide a feasible  
tool for cartilage tissue repair in osteoarthritic  

patients [17] .  

The findings of the current study revealed that  
treatment program by (LIPUS) stimulation of knee  

OA in female can help to increase integrity of  

articular cartilage and This finding was matched  
with the results of recent clinical trials of Gessal  
et al., (2015) who studied effect of mechanical  

stimulus produced by low-intensity ultrasonic  

energy (spatial average temporal average intensities  

between 03-62W/cm 2) promotes chondrogenesis  
in human cell cultures and animal models of carti-
lage injury [4] .  

According to review article in the role ofLIPUS  

on osteoarthritis reported that PLIUS alleviated  

surface irregularities, decreased matrix loss degree  

with the inhibition of TGF-beta1 production, and  

attenuated the proceeding of cartilage degeneration  

in Hartley guinea pigs, which might be an alterna-
tive therapy method for human osteoarthritis. LI-
PUS down-regulated the Mankin scores and the  
expression level of MMP- 13 in rabbit articular  

cartilage of animal model of Osteoarthritis [23] .  

Another study demonstrates that LIPUS-
stimulation, at the cell resonance-frequency of 5.0- 
MHz increased the ciliary length in chondrocytes  

(up to 1.7-fold) when compared to the control  

groups. Increases in the cilia length were dependent  
on the duration and pressure-amplitude of the  

LIUS-signal. US-stimulation also impacted the  
orientation of the primary cilium in chondrocytes  

[23] .  

Conclusion:  
The conducted LIPUS treatment program was  

capable of providing a feasible tool for increasing  

cartilage integrity in mild and moderate degree  
arthritis in knee osteoarthritis throughout stimulat-
ing chondrocyte proliferation and matrix produc-
tion.  
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