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Abstract 
Osteoarthritis is a condition that causes pain and invalidity in people over 40. The patient feels pains, limitation of mobility, physical 
dysfunction, joint cramps, in stability and walking disorders. The study aims at assessing the effects of ultrasound application and 
at quantifying the results obtained in order to increase the patients’ quality of life that were diagnosed with knee osteoarthritis. The 
objectives pursued in the study were: to reduce pain, to keep /increase joint mobility, to increase muscle strength, to reduce in 
stabilit, to minimize physical disability and to increase the patients’ quality of life. The study was conducted in an ambulatory regime 
and respected ethical and deontological principles. The patients’ assessment was performed at the beginning and at end of the 
treatment after 10 days and at the examination after 45 days. In the patients diagnosed with knee osteoarthritis it was found that the 
use of combined ultrasound, pulsed formed and kinetotherapy treatment in the study group allowed, in addition to the pain reduction, 
also the mobility and joint function increase, compared only to the kinetotherapy applied to the control group. 
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Introduction 
Osteoarthritis is a condition that causes pain and 

invalidity in people over 40. It is the result of some 
changes at the cartilage level or it may be caused by 
trauma, body weight gain and muscle tone changes, 
especially in the quadriceps, due to metabolic or 
endocrine causes. The patient feels pains, limitation 
of mobility, physical dysfunction, joint cramps, in 
stability and walking disorders. Being a slow 
progressive disease, the cartilage goes through 
gradual changes with reduced mobility and the 
possibility of unfolding ADL. Here are some of the 
risk factors: age, obesity, traumatisms, low muscle 
strength, decreased proprioceptive sensitivity, 
repeated physical activity that affects tension at the 
muscular joint level, lack of D vitamin and endocrine 
factors. 

The objectives followed in the study were: to 
reduce pain, to keep /increase joint mobility, to 
increase muscle strength, to reduce instability, to 
minimize physical disability and to increase the 
patients’ quality of life. Ultrasound started to be used 
for therapeutic purposes in 1953, but until 1970 the 
data on the length, indications and contraindications 
of their use in physiotherapy were established. 
Research has shown that ultrasound can produce 
energy that is stored in tissues and can induce 
biological effects. A study  [1] on data regarding the 
ultrasound therapeutic applications aimed at 
reviewing the operating mechanisms and the 
biological effects resulting from their use. Also, the  

 
ultrasound dosimetry was taken into account, its 
benefits minimizing the risk of side effects in order to 
obtain optimal results for the patient. Ultrasound can 
induce both warm and non-thermal effects, such as 
cavitation or mechanical stress [2],[3]. The use of 
ultrasound according to the coupling environment 
allows the transfer of some compounds at the skin 
level, which is called sonophoresis [4],[5]. 

Another study in 2010 [6] summarizes a review of 
the data on the use of ultrasound in physiotherapy. 
Out of 8 studies (in which 586 patients were involved) 
showed that the beneficial effects of ultrasound in 
physiotherapy were higher in 4 studies compared to 2 
other studies that did not point out any benefit by 
using ultrasound. The following parameters were 
tracked: the length of symptomatology in patients, the 
use time of ultrasound, the number of treatment days 
and the total energy used in each treatment. In 2010, 
Shanks and colleagues [7] conducted a review of the 
1975-2009 literature on the efficacy of ultrasound for 
therapeutic purposes for muscular skeletal disorders 
at the level of the lower limbs. Out of 15 studies, only 
10 met the inclusion criteria and 1 of them was 
considered to be of high quality (16+ score), 3 studies 
of medium quality (11-15 score) and 6 studies of low-
grade (score <10). 

A study published in 2014 [8] pointed out the role 
of ultrasound continuously applied and in pulsed 
mode in accelerating the chondrogenesis process by 
increasing protein 70 in the rat’s joint cartilage.  
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In knee osteoarthritis, a major public health issue, 
physical activity is recommended. A review 
published in 2015 [9] showed that benefits are greater 
in rehabilitation treatment when applying the 
individualized kinetotherapy program. Five 
randomized clinical studies were included for 620 
patients. There has been a pain reduction appreciated 
by the visual analogue scale (VAS), an improved 
physical function after the WOMAC evaluation and 
an increased quality of life. The aging of the 
population, the increase in the number of patients 
with obesity and the sedentary lifestyle lead to an 
increase in the prevalence of knee osteoarthritis. 

In another study published in 2015, three research 
teams evaluated 54 studies by following the results of 
using kinetotherapy elements in osteoarthritis, by 
assessing the pain, the physical function and the 
quality of life. The conclusions of the study show 
short-term benefits of physical exercise, between 2-6 
months after the interruption of the pain treatment but 
also an improvement in physical function. The effects 
are comparable to the estimations reported for the 
NSAID.[10] 

Ultrasound can have therapeutic effects on the 
biological tissues due to vibrations, producing 
thermal and non-thermal physiological effects. There 
are studies showing that the use of a 1 MHz frequency 
probe produces an average increase of 1.7 °C in the 
deep tissue. The ultrasound use involves gel for better 
coupling with the application area, generates more 
heat 5 minutes after the use , and the application 
depends on the area under treatment and the power 
density used. A rate of application of 7-8 cm/sec is 
recommended to ensure local warming. 

If the thermal effect that is most effective in 
warming the collagen tissue from the dermis level is 
pursued, the applied ultrasound should have a higher 
intensity and the ultrasound will be done 
continuously. We are discussing about increasing the 
tissue temperature to 40-45 °C, resulting in plethora, 
with a role in chronic inflammatory conditions.  

Within the inflammatory process, the ultrasound 
stimulate the phagocytic role of macrophages, but 
also act on mast cells and platelets , the degranulation 
of mast cells is produced with arachidonic acid-
releasing, which is before the synthesis of 
prostaglandins and leukotrienes that act as 
inflammatory mediators. Ultrasound acts as an 
“inflammatory optimizer”, and the inflammatory 
response is essential in the tissue repair.[12] In 

addition to this effect, ultrasound is also the promoter 
of the proliferative phase, and their action is shown 
especially on dense collagen tissue.[13]  

It has been found that ultrasound applied in a low-
dose pulse mode have a role in increasing the protein 
synthesis, and some studies showed the role of 
ultrasound in collagen synthesis. Ultrasound play a 
role in the remodelling of scar tissues whereas the 
colagen is modified from type III to type II, 
increasing the traction resistance and the scar 
mobility, a process which is of average or long 
duration, of one year or even more. In 1996, a BYL 
study showed that ultrasound has the ability to 
influence the orientation of collagen fibers.[14],[15]  

The therapeutic effects of ultrasound were proved 
in knee arthrosis [16], based on Cochrane studies’ 
results and in patello-femoral syndrome. [17]  In 
arthritis, ultrasound was used due to the action on 
biomolecules. [18]  The collagen is a spiral multiple 
protein, which contains glycol, proline and 
oxiproline, presenting tendons in the conjunctive 
tissue and form of fibres in the dermis.  As a result of 
the ultrasound application, the cleavage of the 
polypeptide bonds is produced; the configuration of 
the protein spiral is modified, indicating that these 
macromolecules are sensitive to the action of 
ultrasonic waves. [19]  
Purpose  

The study aims at assessing the effects of 
ultrasound application and at quantifying the results 
obtained in order to increase the patients’ quality of 
life that were diagnosed with knee osteoarthritis. 
Material and method  

A BTL series device was used to produce 
electrotherapy and ultrasonic currents with a 
frequency of 1 MHz. The ultrasound intensity was 
between 0.4-0.6W / cm². The application was pulsed 
and the kinetic method was applied for 6 minutes 
daily. A non-steroidal anti-inflammatory gel-like has 
been used. Kinetotherapy included physical exercises 
to tone the muscles and to increase joint mobility. It 
was taken into account that exercises performed on 
the bicycle do not subject the knees to an additional 
load. 

A number of 115 patients in the study and 
diagnosed with knee osteoarthritis were treated 
within the ambulatory regime. The inclusion criteria 
in the study were the following: age between 45-74, 
clinical and radiological diagnosis of knee 
osteoarthritis, the presence of at least one painful 
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episode, patients without other comorbidities and 
patients who agreed to participate in the study.  The 
exclusion criteria were: age under 45 and over 74, 
chronic conditions in compensated/ decompensated 
stages, mental illnesses and patients’ refusal to 
participate in the study. All the patients received 
pharmacological treatment consisting in non-
steroidal anti-inflammatory, relaxing, neurotrophic, 
antioxidant, dietary supplements containing 
glucosamine and chondroitin. 

The patients were divided into two groups: 
-the study group that received pharmacological 

treatment, ultrasound and kinetic therapy  
-the control group that received pharmacological 

treatment and kinetic therapy  
The patients’ assessment was performed at the 

beginning and at end of the treatment after 10 days 
and at the examination after 45 days. 

The assessed parameters were: pain, joint 
mobility, physical dysfunction, in stabilit and quality 
of life. For this purpose, the following were used: for 
pain, the VAS visual analogue scale, the WOMAC 
scale that evaluated the pain, rigidity, the 
functionality, and the QOL scale for the quality of 
life. The average values and the standard deviation 
were calculated, and the “t-student” test was used to 
compare the mean values of the quantitative 
variables. 

Demographic data   
The study group comprised 56 patients, of which 

32 (57.14%) female patients and 24 (43.86%) male 
patients. The group control had 59 patients, of which 
31 (52.54%) female patients and 28 (47.46%) male 
patients. The data were registered in Table no.1)   

Tabel no. 1. Distribution of patients in the two  
groups  

 
Depending on the age, it is found that most of the 

patients were in the 55-64 age group, respectively 26 
patients in the study group and 25 in the control 
group, followed by the age group 50-59 years with 21 
patients in the control group and 17 patients in the 
study group, and in the 45-54 age group there were 13 
patients for each group. The data can be found in 
Table no 2.  

Table no. 2. Distribution of patients per age group 

 
Results  
After the assessment based on assessment scales, 

the following were found in the study group: pain 
reduction, measured by VAS and Womac scales, 
rigidity and physical dysfunction reducing, which led 
to an increase in the quality of life of the patients. 
(Table 3)   

Table no. 3. The evolution of pain, rigidity and the 
quality of life in the study group  

 
The results of the t-student test for the study group 

are also statistically significant for all the parameters 
assessed, as it can be found in Table no. 4.  

Table no. 4 Evolution of the t-student test for 
evaluation parameters in the study group 

 
In the control group, after the application of the 

assessment scales, there is a reduction in pain, 
evaluated by VAS and Womac scales, improvement 
in the joints functionality and decreasing its rigidity, 
contributing to the quality of life which was 
appreciated by the QOL scale. (Table 5)  

Table no. 5 The evolution of pain, rigidity, and the 
quality of life in the control group  

 
As a result of the t-student test, the results are 

statistically significant for the VAS and QOL scale 
for all the assessment moments except for the Womac 
scale for pain, rigidity and physical function for final-
control, where p> 0.05, as shown in the table 6. 
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Table no. 6. The evolution of the t-student test for 
the assessment parameters in control group  

 
Conclusions  
After the complex treatment of ultrasound and 

kinetic therapy, the following were noticed: 
-the reduction of pains 
-the improvement of the joint mobility  
-the increase in stability and ensuring static and 

dynamic balance 
-the increase in muscle strength and muscle tone 
-  the individualized application of recovery 

treatment is important.  
Discussions  

In the patients diagnosed with knee osteoarthritis 
it was found that the use of combined ultrasound, 
pulsed formed and kinetotherapy treatment in the 
study group allowed, in addition to the pain reduction, 
also the mobility and joint function increase, 
compared only to the kinetotherapy applied to the 
control group. The obtained results were statistically 
significant in the study group for all the assessment 
moments compared to the control group where 
statistically insignificant results for the Womac scale 
at the final-control evaluation times, possibly on the 
one hand the non-application of ultrasound within the 
recovery program, but also due to the non-
continuation of the kinetic therapy treatment at home, 
as indicated by the physical therapist. 

 
References 
 
1. Miller D.,  Smith N., Bailey M., Czarnota 

G.,  Hynynen K.,  Makin I., Overview of therapeutic 
ultrasound applications and safety considerations, J 
Ultrasound Med. 2012 Apr; 31(4): 623–634. 

2. Nyborg WL, Carson PL, Carstensen EL, Dunn F, 
Miller MW, Miller DL, Thompson HE, Ziskin 
MC.Exposure Criteria for Medical Diagnostic 
Ultrasound: II. Criteria Based on All Known 
Mechanisms.National Council on Radiation 
Protection and Measurements; Bethesda Md: 2002. 
Report No. 140. 

3. Silisteanu, Sinziana Calina; Antonescu, Elisabeta; 
Szakacs, Julianna; et al.,  Study on changes in some 
physiological parameters under the action of 
therapeutic ultrasound, Revista de chimie Volume:68 
Issue: 6   Pages: 1306-1309   Published: Jun 2017 

4. Machet L, Boucaud A. Phonophoresis: efficiency, 
mechanisms and skin tolerance. Int J 
Pharm. 2002;243:1–15 

5. Silisteanu, Sinziana Calina; Mitariu, Loredana; 
Ranga, Remus; et al. , Potentiating the effect of 
treatment with voltaren gel using ultrasonic 
frequencies of 1 MHz, Revista de chimie Volume:69 
Issue: 7   Pages: 1749-1751   Published: Jul 2018 

6. Alexander LD, Gilman DR, Brown DR, Brown JL, 
Houghton PE. Exposure to low amounts of ultrasound 
energy does not improve soft tissue shoulder 
pathology: a systematic review. Phys 
Ther. 2010;90:14–25.  

7. Shanks P., Curran M., Fletcher P., Thompson R., The 
effectiveness of therapeutic ultrasound for 
musculoskeletal conditions of the lower limb:A 
literature review, Foot (Edinb). 2010 Dec;20(4):133-9 

8. Nam K.W., Seo D.Y., Kim M.H., -Pulsed and 
continuous ultrasound increase chondrogenesis 
through the increase of heat shock protein 70 
expression in rat articular cartilage, J Phys Ther Sci, 
2014 May;26(5):647-50 

9. Regneasux J.P., Lefevre-Colau M.M., Trinquart L., 
Nguyen C., Boutron I., Brousseau L., Ravaud P., 
High –intensity versus low-intensity physical activity 
or exercise in people with hip or knee osteoarthritis, 
Cochrane Database Sust Rev 2015 Oct 29;(10) 

10. FransenM., McConnell S., Harmer A.R., Van der 
Esch M., Simic M., Bennell K.L., Exercise for 
osteoarthritis of knee, Cochrane Database Syst Rev 
2015 Jan 9;1 

11. Gail ter Haar. Review Therapeutic ultrasound, 
European Journal of Ultrasound 9 (1999) 3–9 

12. Ciccone C., Leggin B.,et al(1991), Effects of 
ultrasound and trolamine salicylate phonophoresis 
ondelayed-onset muscle soreness, Phys Ther 71:666-668 

13. Gail ter Haar Therapeutic applications of 
ultrasound.Prog Biophys Mol Biol. 2007 Jan-
Apr;93(1-3):111-29. Epub 2006 Aug 4. 

14. Byl, N. N., et al. (1996). "Effects of ultrasound on the 
orientation of fibroblasts: an in-vitro study." Eur-J-
Phys-Med-Rehabil 6(6): 180-4. 

15. Watson, T. (2008). "Ultrasound in contemporary 
physiotherapy practice." Ultrasonics. 48(4): 321-329. 

16. Welch V., si colab, Therapeutic ultrasound for 
osteoarthritis of the knee. Cochrane Database Syst 
Rev 3:CD003132,2001 

17. Brosseau L. si colab, Therapeutic ultrasound for 
treatingpatellofemural pain syndrome. Cochrane 
Database Syst Rev 4:CD003375,2001 

18. Allen R.J., -Physical agents used in the management 
of chronic pain by physical therapist. Phys Med 
Rehabil Clin Am17(2):315-45,2006 

19. Antonescu E., Nagy I.Iosif, Elefterescu R.-Biofizica 
Medicala, Ed, Eurobit 2002 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Miller%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22441920
https://www.ncbi.nlm.nih.gov/pubmed/?term=Smith%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22441920
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bailey%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22441920
https://www.ncbi.nlm.nih.gov/pubmed/?term=Czarnota%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22441920
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hynynen%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22441920
https://www.ncbi.nlm.nih.gov/pubmed/?term=Makin%20I%5BAuthor%5D&cauthor=true&cauthor_uid=22441920
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=22441920
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=22441920
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=4&SID=D5TIPe2KTDJI4CPpL7V&page=1&doc=3
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=4&SID=D5TIPe2KTDJI4CPpL7V&page=1&doc=3
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=4&SID=D5TIPe2KTDJI4CPpL7V&page=1&doc=3
https://www.ncbi.nlm.nih.gov/pubmed/16930682

