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Abstract 

Purpose: to compare the effect of diclofenac sodium phonophoresis (DSPH) with 

conventional therapeutic ultrasound (TUS) on knee OA. Subjects and methods: Fifty patients 

(two groups) participated in this study. Group (A); consists of 25 patients (5 males, 20 

females), with mean age 57 years, treated with TUS plus exercises. Group (B); consists of 25 

patients (8 males, 17 females), with mean age 54 years, treated with DSPH plus exercises. 

Each patient was assessed for knee pain intensity level and physical function using the 

WOMAC score and knee flexion ROM using the digital inclinometer pretreatment, 

posttreatment and follow up one month after treatment. Results: There were non-significant 

differences among group (A) for WOMAC score, and significant only at posttreatment and 

follow up compared to pretreatment for group (B) (P- value <0.003
*
). Significant differences

between posttreatment compared to pretreatment and follow up among group (A) for knee 

flexion ROM (P- value <0.03
*
), and significant only between post and pretreatment for group

(B) (P- value = 0.000
*
). However, there was no significant difference between groups neither at

posttreatment nor at follow up. Conclusion: DSPH had improvement but not significant  in

pain  intensity  level,  physical  function,  and  knee  flexion  ROM posttreatment but it had

no superior effect on TUS. Knee flexion ROM improved significantly posttreatment in both

groups, but only in PH the improvement sustained for one month after treatment. PH had long

term effect than TUS.

   Key words: Knee osteoarthritis, Diclofenac sodium phonophoresis, Therapeutic 

ultrasound
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INTRODUCTION 

   OA is a highly prevalent 

degenerative joint disease that impacts 

people’s quality of life and puts a 

burden on health care costs
 (1, 2)

. OA of

the knee is most common among 

persons have 50 years and older and 

may cause physical disability
 (3)

.

Symptoms of knee OA include stiffness 

and knee pain limit weight-bearing 

activities such as walking, going up and 

down stairs, and standing up from a 

chair
(4)

. Treatment of knee OA is

mainly directed toward reducing joint 

pain, as well as improving joint 

mobility
 (5)

. 

TUS is a deep heating agent that 

has been widely used to reduce pain in 

patients with knee OA
(6,7)

. TUS

transforms electrical energy into an 

acoustic waveform, which is then 

converted into heat as it passes through 

tissues of varying resistances. 

Biological responses to US therapy, 

through thermal mechanism, include 

elevation of the pain threshold, 

alteration of neuromuscular activity 

leading to muscle relaxation, induction 

of tissue regeneration, and reduction of 

inflammation
 (8, 9)

.

     PH is a therapeutic method that 

uses US to enhance percutaneous 

transportation of drugs. PH with 

nonsteroidal anti-inflammatory drugs 

(NSAIDs) has been reported to treat 

pain and inflammation in many 

musculoskeletal conditions such as 

carpal tunnel syndrome, heel pain, 

myofascial pain, epicondylitis, muscle 

injury, shoulder pain, and OA
 (10-16)

.

Advantages of this method include 

noninvasiveness, minimal risk 

of  adverse  effects  associated  with 

systemic  administration  of  NSAIDs, 

and  the combined therapeutic effects of 

both US and NSAIDs
(11)

.

Diclofenac sodium gel is 

NSAIDs. It is used for treating pain in 

certain joints (eg. in the knees or hands) 

caused by OA
 (17)

.

Randomized controlled trial was 

conducted to compare the effects of 

DSPH with TUS on pain intensity 

level, function ability and knee flexion 

ROM in patients with symptomatic 

knee pain caused by mild to moderate 

OA. 

SUBJECTS AND METHODS 

This study was conducted at the 

outpatient clinic of orthopedic 

physiotherapy unit, Cairo University 

Hospitals, upon approval of Faculty 

of Physical Therapy, Cairo University, 

Egypt. The study extended from March 

2018 to December 2018. 

Each patient was examined by 

the researcher for the inclusive and 

exclusive criteria. WOMAC score and 

ROM of knee flexion were measured 

pretreatment, posttreatment and, one 

month after treatment as follow-up. 

Prior starting of the study each patient 

signed informed consent. Patients were 

assigned to two groups randomly.  

Subjects 

Fifty patients referred by 

orthopedic surgeons as knee OA 

participated in this study, with age 

range from 50 to 65 years
 (18)

, from both

genders; diagnosed with mild to 

moderate knee OA according to 

Kellgren-Lawrence grades
 (19) 

and have
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body mass index ≤ 32 kg/m
2
. Patients

randomly divided into two groups, 25 

patients in each group. Group (A) 

received TUS waves of 1MHz 

frequency and 1watt/cm
2 

was applied to

the target knee with aquasonic gel 

only. In addition, conventional 

therapeutic exercises including 

strengthening exercises for hip 

abductors and adductors, quadriceps, 

hamstring muscles, and stretching 

exercise of hamstring
 (20-22)

. Group (B)

will receive Ultrasound waves of 

1MHz frequency and 1watt/cm
2 

was

applied to the target knee with a topical 

pain relieving gel (1% diclofenac 

sodium), and the same conventional 

therapeutic exercises as Group (A). 

Inclusion Criteria 

Patient’s age range from 50 to 

65 years old
(18)

; knee pain off at least

6 months duration; moderate to severe 

knee pain; self reported restricted range 

of motion and / or joint deformity of 

the knee; have grade 2 (minimal) or 

3 (moderate) knee OA according to the 

Kellgren and Lawrence criteria, based 

on the radiographs
(19)

; able to walk on

their own for 10 minutes. 

Exclusion Criteria 

Concomitant disease affecting 

the knee, such as rheumatoid arthritis, 

systemic lupus erythema, psoriatic 

arthritis; Intra-articular corticosteroid 

or hyaluronic acid injection into the 

knee within the last 3 months; 

arthroscopy of the knee within the past 

year; significant injury to the knee 

within the past 6 months; using of 

assistive device other than a knee 

support; diseases of spine or other 

lower extremity joints of sufficient 

degree to affect assessment and 

treatment procedures; joint replacement 

of the involved  knee. 

PROCEDURES INSTRUMENTATIONS: - 

Measurements Instrumentations: 

Digital Inclinometer: The range of 

motion (ROM) of the flexion and 

extention of the target knee measured by 

digital inclinometer in degrees from 

prone lying position. Normal knee 

flexion is 135
0 

and normal knee

extention is 0
0
.

Therapeutic Instrumentations: 

Therapeutic ultrasound machine; 

(Uniphy – phyaction U). Ultrasound unit 

for all ultrasound therapy applications. 

Multi-frequency ultrasound head 1 MHz 

and 3 MHz, 4 cm². Acoustic and visual 

contact control (www.gymna- 

uniphy.com). 1MHz frequency and 

1watt/cm
2 

was used in application of

continuous US with and without 

diclofenac sodium. 

MATERIALS 

1. WOMAC Questionnaire
(23-25)

.

2. Aquasonic gel in Group (A), the

skin coated with an aquasonic gel

not containing a pharmacologically

active substance.

Features: Acoustically correct for

the broad range of frequencies

used. Completely aqueous, not stain

clothing or damage transducers.

Unique "can't be copied" formula is

bacteriostatic, non-sensitizing and

non-irritating. No formaldehyde.

Not a spermicide. It was used and

http://www.gymna-uniphy.com/
http://www.gymna-uniphy.com/
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recommended by leading 

manufacturers of medical ultrasound 

equipment worldwide 

(www.parkerlabs.com/aquasonic-

100.asp).

3. (1%) Diclofenac sodium gel

preparation In Group (B), 3g of

topical gel containing 1% diclofenac

sodium applied over the target knee
(17)

. TUS then applied to the

superomedial and lateral parts of

the knee through the applicator

head in circular movements
 (26)

.

ASSESSMENT PROCEDURES 

All subjects were evaluated for 

their pain intensity level, stiffness and 

physical function assessment of the 

target knee by WOMAC 

questionnaire 
(23-25) 

and knee flexion 

ROM by a digital inclinometer in 

degrees from prone lying position. 

All patients were tested before and after 

the treatment program with follow-up 

one month after the treatment. 

TREATMENT PROCEDURES 

Treatment program: 12 treatment 

sessions (3 sessions per week for 4 

weeks). 

1-Therapeutic ultrasound

Group (A) received ultrasound waves

of 1MHz frequency and 1watt/cm
2
.

Patients were put in a sitting position

with the knees 90
o 

flexed. Therapeutic

ultrasound was applied to the

superomedial and lateral parts of the

target knee through the applicator head

in circular movements with aquasonic

gel only for 5 min
(26)

.

2-Diclofenac Sodium Phonophoresis

Group (B) received ultrasound waves

of 1MHz frequency and 1watt/cm
2
.

Patients were put in a sitting position 

with the knees 90
o 

flexed. Therapeutic

ultrasound was applied to the 

superomedial and lateral parts of the 

target knee through the applicator head 

in circular movements with a topical 

pain relieving gel (3g (1%) Diclofenac 

Sodium) for 5 min
 (26)

.

3-Exercises

Active strengthening exercises for

quadriceps (sitting knee extension)
(27)

, hamstrings (prone lying), hip

abductors (standing & supine lying)

and hip adductors muscles  (supine

lying)  (10  repetitions  with  3  sets,  6

seconds  rest  between  each repetition,

and 1 minute rest between the sets) 
(20-

22)
.

Stretching exercises for hamstrings and

the calf muscles were done (3

repetitions, 30 seconds in position of

stretching, 30 seconds in position of

relaxation, and 3 repetitions with 3

sets).

DATA ANALYSIS 

          All statistical analyses were done 

using SPSS version 18 (IBM Inc., 

Chicago, IL) with the p-value set at ≤ 

0.05. Descriptive statistics are presented 

as means and SD for all patients. 

Normality test of data using Shapiro-

Wilk test was conducted. Accordingly, 

repeated measures ANOVA and 

multiple pairwise comparisons (post 

hoc test with bonferroni adjustments) 

were used to compare within groups 

differences in both dependent variables. 

Independent t-test was conducted to 

detect among groups differences in 

dependent variables and in demographic 

http://www.parkerlabs.com/aquasonic-100.asp
http://www.parkerlabs.com/aquasonic-100.asp
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data (as assumptions were not all and 

not very significantly violated). Z test 

was used to compare proportions of 

male and female in both groups.  

RESULTS 

          Shapiro-Wilk test reflected that 

all the data was normally distributed 

for all data (P<0.05) except age 

(P=0.04) and BMI. Levene
,
s test for 

equality of variances showed non-

significance except for posttreatment 

of WOMAC score, but it did not 

matter due to equal sample sizes. 

General Characteristics of the 

Subjects: 

Group (A): Twenty five (5 males, 20 

females) patients were included in 

this group. Their mean ± SD of age, 

weight, height, and BMI were 56.8 ± 

4.3 years, 73.12 ± 9.85 kg, 1.62 ± 

0.013m, and 28.25 ± 2.8kg/m² 

respectively as shown in table (1). 

Group (B): Twenty five patients (8 

males, 17 females) were included in 

this group. Their mean ± SD age, 

weight, height, and BMI were 54.12 ± 

5 years, 77.2 ± 8.7kg, 1.63 ± 0.086 m, 

and 28.99 ± 3kg/m² respectively as 

shown in table (1).  

Comparing demographic data between 

both groups, with independent t-test, 

revealed non-significant differences. 

INFERENTIAL STATISTICS FOR 

DEPENDENT VARIABLES  

A-WOMAC score

1- Among groups differences Group 
(A) (TUS)

The mean ± SD values of WOMAC 
score at pretreatment, posttreatment 
and follow-up were 64.44±19, 54.28

±23.6, and 53.62 ±15.66 respectively. 
Repeated measures ANOVA (with 
Bonferroni adjustment) revealed non-

significant differences among 
pretreatment, posttreatment, and follow 
up (F=1.9, P- value= 0.2), so no need 
for multiple pairwise comparisons (post 
hoc test). See table (2) and figure (1).

Group (B) (PH) 

The mean ± SD values of WOMAC 

score at pretreatment, posttreatment 

and follow-up were 69.7±14.3, 50.36± 

13.48, and 52.94± 19.87, respectively. 

Repeated measures ANOVA (with 

Bonferroni adjustment) revealed 

significant differences between 

pretreatment, posttreatment, and follow 

up (F=23.8, P- value= 0.000
*
). 

Multiple pairwise comparisons (post 

hoc test with bonferroni correction) 

revealed that there were significant 

differences of WOMAC score between 

pre and post treatment (P=0.000*) and 

between pretreatment and follow up 

(P-value=0.003
*
), but not between 

posttreatment and follow up (P=0.98), 

see table (1) and figure (1). 
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2- Between groups differences

Independent t-test revealed that the 
mean values of the pretreatment, 
posttreatment and follow up between 
groups showed non-significant 
differences with (P>0.27), see table (2).

B-ROM of knee flexion

1- Among groups differences Group

(A) (TUS)

The mean ± SD values of knee

flexion ROM at pretreatment,

posttreatment and follow up were

106.68±14.07, 117.92 ±9.46, and 108.23

±8.02, respectively. Repeated measures

ANOVA (post hoc test with 

Bonferroni adjustment) revealed 

significant d i f ferences b e t w e en 

pre , pos t t rea tment , and fo l low up 

(F=10.34, P- value=0.003
*
).

Multiple pairwise comparisons revealed 

that there were significant difference in 

knee flexion ROM between pre and 

posttreatment (P-value =0.03*), and 

between posttreatment and follow up 

(P-value =0.002*), but not between 

pretreatment and follow up (P=1), see 

table (3) and figure (2). 

Group (B) (PH) 

  The mean ± SD values of   knee 

flexion ROM at pretreatment, post 

treatment and follow up were 

106.08±17.685, 118.44±13.2, and 

110.67±24.67, respectively. Repeated 

measures ANOVA (post hoc test with 

Bonferroni adjustment) revealed 

significant differences between pre, post 

treatment, and follow up (F=15.85, P- 

value= 0.000
*
).

          Multiple pair wise comparisons 

revealed that there were significant 

differences in knee flexion ROM 

between pre and post treatment 

(P=0.000
*
), but neither between

pretreatment and follow up nor 

between post treatment and follow up 

(P>0.66), see table (6) and figure (4). 

2- Between groups differences

     Independent t-test revealed that 

the mean values of the pretreatment, 

posttreatment and follow up  

between   groups showed non-

significant   differences with (P- 

value>0.74), see table (4) and 

figure (2). 

DISCUSSION 

The main purpose of this study 

was to compare the effect of DSPH 

with TUS on knee OA. 
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           The study general hypothesis 

stated that there would be no 

significant difference between PH and 

TUS in treating knee OA patients. The 

results of this study failed to reject this 

general hypothesis, as there were non- 

significant difference between groups at 

all measuring periods in all dependent 

variables (WOMAC score and ROM of 

knee flexion). 

WOMAC score (pain intensity level, 

stiffness, physical function)  

          It was hypothesized that there 

would be non-significant difference 

between PH and TUS in WOMAC 

score in knee osteoarthritis patients. 

Findings of the present study revealed 

that there were non-significant 

differences among group (A) for 

WOMAC score, and significant at 

post treatment and follow up compared 

to pretreatment for group (B) (P- 

value < 0.003*), but non-significant 

between post treatment and follow up. 

           The current study showed that 

PH had improvement but not 

significant effect on pain intensity 

level and physical function (WOMAC 

score) of knee osteoarthritis patients. 

This suggests that PH are important in 

decreasing pain intensity level and 

disability in patients with knee OA, 

fortunately this effect was maintained 

one month posttreatment (follow up). 

However, there was non-significant 

difference between groups, clinical 

improvements in WOMAC score was 

found posttreatment in PH group.  

          The finding of the current study 

regarding effect of DSPH on 

WOMAC score agree with Deniz et 

al. (2009) who found that DSPH had 

significant effect on pain intensity level 

and physical function (WOMAC score) 

in knee OA patients. 

           The finding of the current study 

regarding non-significant difference 

between PH and TUS agree with 

Kozanoglu, et al. (2003) who found that 

ibuprofen PH and TUS were effective 

in reducing pain intensity level and 

Ibuprofen PH was not superior to 

conventional TUS in patients with knee 

OA. 

           The finding of the current study 

regarding non-significant difference 

between PH and TUS agree with 

Moubark et al
(28)

 (2007) who found 

non- significant difference between PH 

and TUS in pain intensity level score 

and physical function score, but in 

lateral epicondylitis patients. 

           Findings of the current study 

disagree with Akinbo et al. (2011) 

found a significant improvements in 

WOMAC score (pain intensity level, 

stiffness, physical function) and knee 

flexion ROM using DSPH than TUS. 

The contrast findings between the 

present study and that of Akinbo et al. 

(2011) may be to the sessions in the 

latter study were daily and used heat and 

bike without exercises. 

           The finding of the current study 

regarding non-significant difference 

between PH and TUS disagree with 

Luksurapan and Boonhong (2013) who 

found that PH was significantly more 

effective than TUS in reducing pain 

intensity level and tended to improve 

knee functioning in knee OA patients. 

Differences between the present study 
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and that of Luksurapan and Boonhong 

(2013) may be due to using longer 

duration of PH (10 min) without 

exercises in the latter study. 

Knee flexion range of motion 

      It was hypothesized that there 

would be non-significant difference 

between PH and TUS in ROM of knee 

flexion in knee OA patients. 

There were s igni f icant  

d i f ferences  between pre and 

postt reatment  and between post 

treatment and follow up among 

group (A) for knee flexion ROM 

(P- value <0.03
*
), and significant at

posttreatment compared to pretreatment 

for group (B) (P- value = 0.000
*
).

However, there was no significant 

difference between groups neither at 

posttreatment nor at follow up. 

   Findings of the present study 

showed that knee flexion ROM 

improved but not significant 

posttreatment, unfortunately this 

improvement not sustained at one 

month posttreatment (follow up) for 

group (A), but in group (B) the 

improvement sustained for one month 

posttreatment. This means that PH had 

long term effect than TUS. 

The finding of the current study 

regarding non-significant difference 

between PH and TUS in ROM agrees 

with Moubark et al. (2007) who found 

that non- significant difference between 

PH and TUS in ROM, but in lateral 

epicondylitis patients. 

   Findings of the current study 

disagree with Akinbo et al. (2011) 

found a significant improvements in 

knee ROM using DSPH than TUS. 

The contrast findings between the 

present study and that of Akinbo et al. 

(2011) may be to the sessions in the 

latter study were daily and used heat and 

bike without exercises. 

LIMITATIONS 

          This study has a few 

limitations that should be considered 

in future research studies:  

 Small sample size, due to poor

patients
, 
compliance.

 Several patients were illiterate, which

might cause difficulties in

comprehending the index well.

CONCLUSION 

          DSPH had improvement but not 

significant in pain intensity level, 

physical function, and knee flexion 

ROM posttreatment but it had no 

superior effect on US. Knee flexion 

ROM improved significantly 

posttreatment in both groups, but only 

in PH the improvement sustained for 

one month after treatment. PH had 

long term effect than US. 

RECOMMENDATIONS 

 Further studies are required to

investigate.

 How the results of the study might

be influenced by using only

biophysical modalities without

exercises.

 Effect  of  using  objective

measures  for  pain  intensity  level

and  physical function.

REFERENCES 

1) Dunlop DD, Manheim LM, Song

J, Chang RW. Arthritis prevalence and

activity limitations in older adults.

Arthritis Rheum. 2001; 44: 212–221.



 DICLOFENAC SODIUM PHONOPHORESIS VERSUS CONVENTIONAL THERAPEUTIC ULTRASOUND IN KNEE OSTEOARTHRITIS
P

ag
e5

0
 

2) Kotlarz H, Gunnarsson CL, Fang

H, Rizzo JA. Insurer and out-of-pocket

costs of osteoarthritis in the US:

evidence from national survey data.

Arthritis Rheum. 2009; 60: 3546–3553.

3) Soni A, Kiran A, Hart D, et al.

Prevalence of reported knee pain over

twelve years in a community-based

cohort. Arthritis Rheum. 2012; 64:

1145–1152.

4) Zhang Y,  Jordan JM.

Epidemiology of osteoarthritis. Clin

Geriatr Med. 2010; 26:355–369.

5) Zhang W, Moskowitz RW, Nuki

G, Abramson S, Altman RD , Arden

N, et al. OARSI recommendations for

the management of hip and knee

osteoarthritis, part II: OARSI evidence-

based, expert consensus guidelines.

Osteoarthritis Cartilage. 2008; 16:137–

162.

6) Rutjes AW, Nuesch E, Sterchi

R, Juni P. Therapeutic ultrasound for

osteoarthritis of the knee or hip.

Cochrane Database Syst Rev. 2010.

7) Tascioglu F, Kuzgun S,

Armagan O, Ogutler G. Short-term

effectiveness of ultrasound therapy in

knee osteoarthritis. J Int Med Res. 2010;

38: 1233–1242.

8) Paliwal S, Mitragotri S.

Therapeutic opportunities in biological

responses of ultrasound. Ultrasonics.

2008; 48: 271–278.

9) Chung JI, Barua S, Choi BH,

Min BH, Han HC, Baik EJ. Anti-

inflammatory effect of low intensity

ultrasound (LIUS) on complete 

Freund's adjuvant-induced arthritis 

synovium. Osteoarthritis Cartilage. 

2012; 20: 314–322. 

10) Vlak T. Comparative study of the

efficacy of ultrasound and sonophoresis

in the treatment of painful shoulder

syndrome. Reumatizam. 1999; 46: 5–11. 

11) Kozanoglu E, Basaran S,

Guzel R, Guler-Uysal F. Short term

efficacy of ibuprofen phonophoresis

versus continuous ultrasound therapy in

knee osteoarthritis. Swiss Med Wkly.

2003; 14: 333–338.

12) Nagrale AV, Herd CR, Ganvir

S, Ramteke G. Cyriax physiotherapy

versus phonophoresis with supervised

exercise in subjects with lateral

epicondylalgia: a randomized clinical

trial. J Man Manip Ther. 2009; 17: 171–

178.

13) Deshpande MM, Patil CB. Heel

pain and phonophoresis. J Indian Med

Assoc. 2010; 108: 365.

14) Silveira PC, Victor EG,

Schefer D, et al. Effects of therapeutic

pulsed ultrasound and 

dimethylsulfoxide (DMSO) 

phonophoresis on parameters of 

oxidative stress in traumatized muscle. 

Ultrasound Med Biol. 2010; 36: 44–50. 

15) Yildiz N, Atalay NS, Gungen

GO, Sanal E, Akkaya N, Topuz O.

Comparison of ultrasound and 

ketoprofen phonophoresis in the 

treatment of carpal tunnel syndrome. J 

Back Musculoskelet Rehabil. 2011; 24: 

39–47. 

16) Ay S, Dogan SK, Evcik D, Baser

OC. Comparison the efficacy of

phonophoresis and ultrasound therapy

in myofascial pain syndrome.

Rheumatol Int. 2011; 31: 1203– 1208.

17) Kluwer W. Drug Facts and

Comparisons eAnswers. Accessed

2011 Mar.

18) Wilson MG, Michet CJ, Ilstrup

DM, Melton LJ. Idiopathic

symptomatic osteoarthritis of the hip

and knee: a population-based

incidence study. Mayo Clin Proc.



 DICLOFENAC SODIUM PHONOPHORESIS VERSUS CONVENTIONAL THERAPEUTIC ULTRASOUND IN KNEE OSTEOARTHRITIS
P

ag
e5

1
 

1990; 65:1214–1221. 

19) Kellgren JH, Lawrence JS.

Radiological assessment of 

osteoarthritis. Ann Rheum Dis. 

1957;16:494–502. 

20) Hafez AR, Zakaria AR, Al-

Ahaideb A, Hassan HE. Effect of

Thigh Muscles Strength on 

Management of Patients with 

Osteoarthritis of Knee. Bull. Fac. Ph. 

Th. Cairo Univ. 2011 July; 16: 2. 

21) Hafez AR, Al-Johani AH, 

Zakaria AR, Al-Ahaideb A, 

Buragadda S, Melam GR, Shajji JK. 

Treatment of Knee Osteoarthritis in 

Relation to Hamstring and Quadriceps 

Strength. J Phys Ther Sci. 2013 Nov; 

25(11): 1401–1405. 

22) Al-Johani AH, Kachanathu SJ,

Hafez AR, Al-Ahaideb A, Algarni

AD, Meshari Alroumi A, Alanezi

AM. Comparative study of hamstring

and quadriceps strengthening treatments

in the management of knee

osteoarthritis. J Phys Ther Sci. 2014

Jun; 26(6):817-20.

23) Bellamy N, Buchanan WW,

Goldsmith CH, Campbell LW.

Validation study of WOMAC: a health

status instrument for measuring

clinically important patient relevant

outcomes to antirheumatic drug therapy

in patients with osteoarthritis of the hip

or knee. J Rheumatol. 1988;15: 1833–

1840.

24) Portney L G, Watkins M P.

Foundations of Clinical Research:

Applications to Practice. 2nd ed. New

Jersey: Prentice Hall, Upper Saddle

River; 2000.

25) Guermazi M, Poiraudeau S,

Yahia M, Mezganni M, Fermanian

J, Habib Elleuch Revel M.

Translation, adaptation and validation

of the Western Ontario and McMaster 

Universities osteoarthritis index 

(WOMAC) for an Arab population: 

the Sfax modified WOMAC. 

Osteoarthritis and Cartilage. 

2004;12:459–468. 

26) Sunday AKINBO, 

Oluwatoyosi OWOEYE, Sunday 

ADESEGUN. Comparison of the 

Therapeutic Efficacy of Diclofenac 

Sodium and Methyl Salicylate 

Phonophoresis in the Management of 

Knee Osteoarthritis. Archives of 

Rheumatology. 2011; 26: 111-119. 

27) Kahler A. Top 5 popular knee

exercises. Healthy Hippie. 2013 DEC.

28) E E E Moubark, Ibrahim

Magdy, Salwa Fadel, M Safwat.

Phonophoresis Versus Ultrasound in

Treatment of Lateral Epicondylitis.

Master thesis. Faculty of Physical

Therapy, Cairo University. 2007.

Web Resources 

o "Global  status  report  on

noncommunicable  diseases  2014".

World  Health Organization.

Retrieved 10 April 2018.

o www.gymna-uniphy.com

o www.parkerlabs.com/aquasonic

http://www.gymna-uniphy.com/
http://www.parkerlabs.com/aquasonic



