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ABSTRACT

PURPOSE OF THE STUDY
The objective of the present study is to compare the efficacy of two different concentrations of diclofenac sodium
phonophoresis (DSPH) (1.16% vs 2.32%) in patients with knee osteoarthritis (OA).

MATERIAL AND METHODS

A randomized, double-blind, controlled design was applied. Ninety patients (mean age+ SD, 59.98 + 8.89 years) who had
Kellgren-Lawrence (K-L) grades Il to Ill knee OA were randomly allocated into three groups; 1.16% DSPH, 2.32% DSPH,
TUS (30 in each group). Each patient was treated five sessions per week for two weeks. A 100-mm visual analogue scale
(VAS) for usual pain and the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) were evaluated
before and after treatment in all groups.

RESULTS

The VAS pain and WOMAC scores were significantly improved after treatment in all groups (p < 0.05). The 2.32% DSPH
showed more significant effects than the 1.16% DSPH, both in improving WOMAC- pain and physical function scores
(p =0.020, p = 0.008) and reducing the VAS pain measure, although it did not reach the level of significance (p = 0.077). The
2.32% DSPH was superior to the TUS, both in reducing the VAS pain measure (p < 0.001) and in improving WOMAC-pain,
stiffness, physical function and total scores (p = 0.022, p = 0.016, p < 0.001, p < 0.001 respectively). 1.16% DSPH
significantly reduced stiffness and physical function scores compared with TUS (p = 0.042, p = 0.047).

CONCLUSIONS
DSPH and TUS are effective treatments for knee OA. Our results indicated that 2.32% DSPH produces additional benefits
to functional improvement and pain reduction compared with 1.16% DSPH in K-L grades Il to Il knee OA.
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INTRODUCTION

Osteoarthritis (OA) is the most common form of
arthritis with a multifactorial etiology that leads to an
eventual loss of joint function and impaired health-relat-
ed quality of life. The most common symptoms of OA
are pain, stiffness and restricted joint mobility. OA can
occur in any joint, but knee OA that accounts for approx-
imately 85% of the burden of OA worldwide has been
described as the most common form of symptomatic
OA. With an increasing number of aged and obese pop-
ulations, the global prevalence and economic and soci-
etal burden of disease are expected to grow steadily in
the future (11, 21).

Evidence-based approaches to the treatment of knee
OA include non-pharmacologic, pharmacologic, and/or
surgical treatment options targeted at relieving pain, facil-
itating joint mobility to improve function, and modifying
risk factors for disease progression (19). According to the
recent guideline of the American College of Rheumatol-
ogy (ACR) on the conservative treatment of knee OA,
land-/water-based exercise, mind-body exercises such as
Tai Chi and Yoga, lifestyle modification (self-efficacy and
management programs, weight loss), braces and cane are
strongly recommended non-pharmacological treatment
options. Only thermal interventions (locally applied heat
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or cold) are conditionally recommended as physical ther-
apy modalities (13). However, therapeutic ultrasound
(TUS), a deep-heating agent, has been increasingly used
as an effective non-pharmacological option in the treat-
ment of OA, both for pain relief and functional improve-
ment (23). Additionally, TUS waves either pulsed or con-
tinuous are widely used as a physical enhancer of
absorption of topical pharmacological agents, being
called phonophoresis (PH), might emerge as a reasonable
therapeutic option in knee OA (8, 23).

Topical anti-inflammatory agents such as steroids,
salicylate (piroxicam), NSAIDs (1buprofen, ketoprofen,
diclofenac sodium, etc.) are used with PH (1, 5, 7, 8, 14,
15, 23). In OA, topical administration of NSAIDs offers
to provide at least equivalent analgesia, improvement in
physical function, and reduction of stiffness compared
with oral NSAIDs (18). The most recent guidelines
strongly recommend topical NSAIDs for pharmacolog-
ical treatment of knee OA and consider them before the
use of oral NSAIDs due to the safety profile and the least
systemic exposure. Therefore PH may emerge as a con-
servative therapeutic option in the treatment of knee OA.
(3, 13). Previous studies evaluated the efficacy of PH
with different conditions of exposure to ultrasonic waves
(e.g., intensity, frequency, duration, and continuity) and
therapeutic form of the topical agent applied (e.g. gel,
cream) (1, 5, 7, 8, 14, 15, 23). As the skin permeation
may be influenced by drug concentration, formulation
composition such as the inclusion of penetration
enhancers, and characteristics such as water solubility
and acidity, it can be assumed that the effectiveness of
PH may also be related to the drug concentration (17).
To the best of our knowledge, no studies have assessed
the efficacy of PH of different concentrations of topical
NSAIDs in the treatment of knee OA. Therefore, in this
study, we aimed to compare the clinical efficacy of two
different concentrations of diclofenac sodium
phonophoresis (DSPH) (1.16% vs 2.32%) in patients
with knee OA.

MATERIAL AND METHODS

Patients
A total of 98 patients who fulfilled the ACR criteria
for the classification of clinical knee OA (2) were con-

secutively recruited between March 2019 and July 2019.

Only patients who were symptomatic during the previ-

ous six months and classified by Kellgren and Lawrence

(K-L) (12) as grade II-I1I was included. Exclusion cri-

teria were as follows:

1. presenting positive Lachman, anterior drawer or piv-
ot-shift tests, suggesting knee instability, meniscal
tear or positive meniscal tests,

2. a previous history of physical therapy, intra-articular
injection or lavage to the same knee in the previous
six months,

3. history of traumatic injury, infection or surgery of the
lower extremity with knee joint involvement,

4. any type of inflammatory arthritis or other rheumatic
diseases,
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. history of malignancy,

6. any contraindications or precautions for the use of
TUS (e.g., infection, metal implants, pregnancy,
thrombophlebitis, or impaired sensation, skin lesion
at the site of application),

7. taking pain relief medications,

8. diclofenac allergy.

Study design

The present study used a randomized, double-blind,
controlled design. The patients were randomly assigned
by a computer-generated table of random numbers to
one of three study arms. The patients did not know which
study group they were in. The study protocol was
approved by the Istanbul Medipol University Ethics
Committee (10840098-604.01.01-E.3735) and written
informed consent was obtained from all patients. The
study was conducted in accordance with the principles
of the Declaration of Helsinki.

Treatment procedures

Ninety patients (19 male, 71 female) with bilateral
knee OA, between the ages of 43 and 85 years (mean
age = SD, 59.98 + 8.89) met the eligibility criteria and
were randomized into three treatment groups. The more
symptomatic or painful knee of each patient was cho-
sen as the index knee. Each group received five ses-
sions per week for 2 weeks (a total of ten sessions) to
the index knee. The first group received 1.16 % DSPH,
and the second group received 2.32% DSPH. Follow-
ing the application of 5 cm-long strip of diclofenac
sodium (DS) gel to the index knee, continuous ultra-
sound (Chattanoga Intellect ® Mobile Ultrasound-
2776) set at a frequency of 1 MHz, and an intensity of
1.5 W/cm? was applied on a circular basis for 5 minutes.
The third group received TUS with acoustic gel with
similar frequency, intensity and duration. The purpose
of the TUS group was to serve as the control group.
Concomitant local or oral pain relief and anti-inflam-
matory medications was not allowed. Before starting
treatment, the therapist cleaned the patients’ skin with
an alcohol swab. All treatments were performed with
a probe of 5 cm? using small, continuous, circular
movements over 10 cm? skin area on both the medial
and lateral part of the knee. Both DS and acoustic gel
tubes were purchased by our authors, and all tubes were
covered. The patients were blinded to the group allo-
cation. A range of motion, quadriceps strengthening
and hamstring stretching exercises were given to all
patients in three groups. All patients were instructed
about the exercises. The first set of exercises was per-
formed under the supervision of clinical physiothera-
pists. All patients were instructed to perform 10 repe-
titions of each exercise as 3 sets a day for two weeks.
Blood test (blood count, erythrocyte sedimentation
rate, C-reactive protein, liver and kidney function tests)
and knee X-ray were taken for each patient at the begin-
ning of the treatment. The outcome measures were
assessed immediately after the last treatment by
a blinded physician.
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Study assessments

Demographic variables (age, gender, body height and
weight), the side of the index knee, symptom duration
(months), present medications, history of drug allergies
were recorded. Body mass index (BMI) (kg/m?) was cal-
culated. Antero-posterior and lateral X-rays of both
knees were taken and assessed according to K-L radio-
logical grading system for OA (grade 0 = none, grade
1 = doubtful, grade 2 = minimal, grade 3 = moderate,
and grade 4 = severe) (12).

For assessment of treatment efficacy, Visual ana-
logue scale (VAS) for usual pain and the Western Ontario
and Mc Master Universities Osteoarthritis Index
(WOMAC) scores were recorded before treatment and
after the ten sessions finished.

The pain VAS is a unidimensional measure of pain
intensity. The scale is most commonly anchored by “no
pain” (score of 0) and “pain as bad as it could be” (score
of 10 [100-mm scale]) on a horizontal line. Patients were
asked to mark the point on that line, corresponding best
to the current status of their knee pain. A higher score
represents greater pain intensity.

The WOMAC index consists of 24 questions distrib-
uted into three subscales: pain (5 questions), stiffness
(2 questions), and physical function (17 questions). The
subscale scores can vary, with pain ranging from 0 to
20 points; stiffness, 0 to 8 points; and physical function,
0 to 68 points. Higher scores indicate worse pain, stiff-
ness, and functional limitations (4, 20).

Statistical analysis

Data were analyzed using the IBM SPSS for Win-
dows version 23.0 software (IBM Corp. Armonk, NY,
USA). The Shapiro-Wilk test was used to evaluate the
normality of data. Descriptive analyses were presented
as mean £ SD and median (minimum-maximum) for
continuous variables. Categorical variables are
expressed as counts and percentages. Between-group
comparison, we used analysis of variance (ANOVA) and
Kruskal-Wallis test for continuous variables, and Pear-
son chi-square test for categorical variables. Dunn’s post
hoc test was used to compute pairwise comparisons.
Within-group differences toward the baseline values
were evaluated using the Wilcoxon signed-rank test. A p-
value of 0.05 or less was considered significant.

RESULTS

A total of 98 patients with knee OA were assessed
for eligibility, of whom 90 were enrolled. Two patients
were excluded because of a history of knee surgery; four
were excluded due to a recent intra-articular steroid
injection to the knee, two patients declined to participate.
90 patients were randomly allocated to three study arms;
30(33.3 %) were treated with 1.16 % DSPH, 30 (33.3 %)
were treated with 2.32% DSPH, and 30 (33.3 %) were
treated with TUS. All enrolled patients completed the
allocated treatment without any dropouts (Fig. 1).

Baseline characteristics of the patients were given in
Table 1. There was no statistically significant difference
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between the three groups in terms of the demographic
characteristics (age, gender and BMI) and the disease-
related variables (symptom duration, K-L grades, base-
line VAS, and WOMAC scores) (p > 0.05).

The within- and between-group changes in VAS pain
and WOMAC scores were shown in Table 2. VAS pain
significantly decreased from baseline in all treatment
groups (p < 0.001). Similarly, WOMAC pain, stiffness,
physical function and total scores were significantly
improved in all groups following the treatment
(p < 0.05). When changes in VAS and WOMAC scores
over time were compared between treatment groups,
there were statistically significant differences among the
three groups for all study outcomes (p <0.001, p=0.008,
p=0.010,p<0.001, p<0.001, for VAS pain, WOMAC
pain, WOMAC stiffness, WOMAC physical function,
and WOMAC total scores, respectively).

Pairwise comparison of the groups was shown in
Table 3. Compared with TUS group, %2.32 DSPH group
got significantly more improvement in VAS pain,
WOMAC pain, stiffness, physical function and total
scores (p < 0.001, p =0.022, p=0.016, p < 0.001 and
p < 0.001 respectively), however, %1.16 DSPH group
demonstrated better improvement in only WOMAC
stiffness and physical function scores (p = 0.042,
p = 0.047). Subgroup analysis between DSPH groups
showed that 2.32% DSPH was significantly more
reduced WOMAC-pain, physical function and total
scores than %1.16 DSPH (p=0.020, p=0.008, p=0.008
respectively). No side effects were observed in patients
due to treatment.

DISCUSSION

The aim of the present study is to compare the short
term clinical efficacy of two different concentrations of
DSPH (1.16% vs. 2.32%) and TUS in patients with knee
OA. Two main findings emerged from the analysis of
study results:

1. DSPH and TUS are effective and well-tolerated treat-
ments on improving physical function and reducing
pain and stiffness in knee OA,

2. 2.32% DSPH produce additional benefits to function-
al improvement and pain reduction compared with
1.16% DSPH in knee OA.

PH and TUS have been widely used non-invasive,
low-risk, pain-free methods in the treatment of muscu-
loskeletal disorders. TUS, a deep heating modality, uses
mechanical energy, which is produced by sound waves
at different frequencies. Biological responses, including
muscle relaxation, induction of tissue regeneration and
reduction of inflammation can be induced (9, 23). PH is
applied in the same manner as TUS and enhances cuta-
neous absorption of topical drugs from the skin into the
deeper target tissues; therefore, increasing drug effec-
tiveness is expected (9). Although it was reported that
PH decreases pain and inflammation in OA, its superi-
ority to TUS is still based on many contradictory studies
(5, 14, 15, 23). Kozanoglu et al. compared the therapeu-
tic efficacy of 5% ibuprofen PH and TUS in the patients
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Table 1. Baseline characteristics of the patients with knee osteoarthritis

2.32% DSPH (n=30) 1.16% DSPH (n=30) TUS (n=30) p
Age (year), median (min-max) 59 (43-85) 58 (45-84) 61 (48-68) 0.624
Gender (M/F), n 6/24 7/23 6/24 0.935
BMI (kg/m?) (mean=SD) 31.62+5.29 29.93+4.61 31.31+4.59 0.359
Symptom duration (month), median (min—-max) 12 (2-120) 11 (3-121) 12 (1-72) 0.385
Radiological grade, n (%) 0.111
K-L grade 2 12 (40) 17 (56.7) 20 (66.7)
K-L grade 3 18 (60) 13 (43.3) 10 (33.3)
VAS for pain, mm 7 (5-10) 7 (5-10) 7 (3-10) 0.671
WOMAC score
Pain 10 (4-16) 6 (4-15) 8.5 (5-17) 0.058
Stiffness 4 (0-8) 3 (2-6) 4 (0-8) 0.494
Physical function 33 (11-53) 25.50 (14-53) 30.50 (10-58) 0.293
Total 49.50 (16-75) 36.26 (19.20-70) 46.87 (20.83-86.46) 0.152
BMI: body mass index; K-L: Kellgren-Lawrence; DSPH: diclofenac sodium phonophoresis; TUS: therapeutic ultrasound
VAS: visual analogue scale; WOMAC: Western Ontario and Mc Master Universities Osteoarthritis Index

with knee OA. Significant within-group improvements
for pain severity and walking performance were found
in both groups without being superior to each other (14).
Another study conducted by Boyaci et al. in 101 patients
with knee OA compare the efficacy of three different
deep heating modalities: ketoprofen PH, short-wave
diathermy, and TUS, none of them are found superior
to the others (5). In contrast, Luksurapan et al. compared
the efficacies of 0.5 % Piroxicam PH and TUS of
patients with knee OA, PH was reported to be superior
to TUS in reducing pain (15).

There are few studies on the evaluation of the effect
of DSPH in musculoskeletal disorders. In one of the ran-
domized controlled studies, Akinbo et al. reported sig-
nificant improvement in pain, stiffness, physical func-
tion, 20-meter walking time and range of motion of knee
with %1 DSPH, %15 methyl salicylate cream PH
(MSPH) and TUS in knee OA. However, improvement
in WOMAC scores, 20-meter walking time and range
of motion of the knee joint for DSPH was found to be
significantly better than the MSPH almost doubling that
of TUS (1). This result explained that DS, which has
a higher molecular weight used in gel preparation, pro-
vides better permeability for ultrasonic waves than
cream-based methyl salicylate. In another study, both
continuous and pulsed ultrasound DSPH were found
effective for improvement of pain and functional status
of patients with knee OA than a topical application of
diclofenac gel but no significant difference was detected
between each other (8). By contrast, Meshali et al.
demonstrated that ultrasound application at 1.5 w/cm?
continuous mode is optimum for transdermal delivery
of ibuprofen across cellulose and rabbit skin membrane
(16). Yang et al. showed that the effect of the US duty
cycle on the skin permeation was highest with the con-
tinuous mode than with the pulsed mode (24). Conse-

quently, previous studies supported that PH enhances
the transdermal delivery of a drug as a result of the ther-
mal effects such as an increase in tissue temperature and
the mechanical effects such as cavitation and acoustic
streaming.

A recently published systematic review and meta-
analysis has been demonstrated that TUS is a safe treat-
ment to relieve pain and stiffness and to improve phys-
ical function in patients with knee OA via both thermal
and non-thermal mechanisms (23). However, as well as
the features of the ultrasound technique (frequency and
intensity of ultrasound waves, and duration), the physic-
ochemical properties of the topically administrated
drugs are important factors for the effectiveness of PH.
In the present study, PH and TUS were applied five ses-
sions a week, for 2 weeks. By the end of two weeks, our
findings revealed significant improvement from base-
line for all outcomes in all groups. However, we
observed significantly superior improvement in the out-
come parameters measured after treatment in the DSPH
groups compared with the TUS group. When considered
the contradictory results obtained from previous studies,
our result may be explained by the drug-related factors
which also affect the treatment efficacy of PH.

The ability of the topically administered drug to pen-
etrate the skin and reach the target tissues in sufficient
quantity to have a pharmacodynamically active concen-
tration present depend on the composition of the drug
formulation such as molecular weight, water solubility
and acidity, choice of vehicle (solutions, gels, etc.) and
inclusion of penetration enhancers (10). A topical drug
with small molecules (<500 g/mol) that are more
hydrophilic and also has lipophilic properties pass
through stratum corneum more easily. In an in vitro
study, gel-based medications were showed higher ability
to transmit ultrasound than the cream-based formula-
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Table 2. Comparison of the changes within and between patient groups

2.32% DSPH (n=30) 1.16% DSPH (n=30) TUS (n=30) pt
VAS - pain score
Baseline 7 (5-10) 7 (5-10) 7(3-10) <0.001
Post-intervention 3 (0-8) 4 (0-8) 5 (2-8)
Delta (baseline to post-intervention) 4 (1-7) 3 (-1-7) 3 (0-4)
p* <0.001 <0.001 <0.001
WOMAC - pain score
Baseline 10 (4-16) 6 (4-15) 8.50 (5-17) 0.008
Post-intervention 4 (0-13) 4 (1-12) 6 (2-14)
Delta (baseline to post-intervention) 4 (2-7) 2 (0-7) 3 (0-5)
p* <0.001 <0.001 <0.001
WOMAC - stiffness score
Baseline 4 (0-8) 3 (2-6) 4 (0-8) 0.010
Post-intervention 2 (0-6) 2 (0-4) 2 (0-7)
Delta (baseline to post-intervention) 2 (0-6) 1(0-4) 0(0-2)
p* <0.001 <0.001 0.001

WOMAC - physical function score

Baseline 33 (11-53) 25.50 (14-53) 30.50 (10-58) <0.001
Post-intervention 13.50 (3-49) 16.50 (4-49) 25 (5-55)

Delta (baseline to post-intervention) 11 (4-37) 7.5 (-3-27) 4 (0-19)

p* <0.001 <0.001 <0.001

WOMAC - total score

Baseline 49.50 (16-75) 36.26 (19.20-70) 46.87 (20.83-86.46) <0.001
Post-intervention 20 (5-68) 21.12 (5.76-63) 34.38 (10.42-79.17)

Delta (baseline to post-intervention) 16.81 (6-48.96) 10.50 (-2.88-36.48) 9.38 (0-27.09)

p* <0.001 <0.001 <0.001

therapeutic ultrasound

VAS: visual analogue scale; WOMAC: Western Ontario and McMaster Universities Index; DSPH: diclofenac sodium phonophoresis; TUS:

Data are presented as median (min—-max); p<0.05 was considered statistically significant.
p*: pvalue for the comparison of within-group differences from baseline to post-intervention, Wilcoxon test
pt: pvalue for between-group comparisons of delta values, Kruskal-Wallis test

tions (6). The diclofenac is available in a variety of top-
ical formulations such as gels and solutions, lotion,
lecithin or epolamine gel, patch, or plaster which have
a range of doses. Topical diclofenac has a small molec-
ular weight (296 g/mol) with both lipophilic and
hydrophilic properties; thus, DS formulated in gel for-
mulation can access all target tissues in OA treatment
(25).

The present study hypothesized that the drug con-
centration of the topical agent is also an important deter-
minant of clinical effectiveness in PH treatment. To con-
firm this hypothesis, PH 0f2.32%, 1.16% diclofenac gel
and TUS (serve as the control group) were compared.
Pairwise comparisons between PH groups were shown
that 2.32% DSPH was significantly more effective than
1.16% DSPH in reducing WOMA C-pain, physical func-
tion, and total scores. Compared with TUS, 2.32%
DSPH provided significantly better improvement in
VAS-pain, WOMAC subscale and total score measures.

However, 1.16% DSPH was only decreased WOMAC-
stiffness and physical function scores and showed the
same effectiveness with TUS in terms of reducing
WOMAC-pain score. The scientific interpretation of this
finding most likely is related to the drug composition
and active drug concentration of gel preparations. In
a randomized controlled study including patients with
knee OA, 2% solution twice daily has similar efficacy
compared with the diclofenac 1.5% solution four times
daily, and potentially greater patient compliance than
this and other topical diclofenac formulations (less fre-
quent dosing and ease of application) (22).

In our study, the composition of both diclofenac gel
formulations is similar except drug concentration. 1.16%
gel contains 11.6 mg of the active substance diclofenac
diethyl ammonium, which corresponds to 1 g DS and
2.32% gel contains 2.32 g of the active substance
diclofenac diethyl ammonium, which corresponds to 2 g
DS. Meshali et al. evaluated the effect of formulation
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Table 3. Pairwise comparasions of the changes between treatment groups

p value
2.32% DSPH-1.16% DSPH 2.32% DSPH-TUS 1.16% DSPH-TUS

VAS-pain 0.077 <0.001 0.115
WOMAC score

Pain 0.020 0.022 1.000

Stiffness 1.000 0.016 0.042

Physical function 0.008 <0.001 0.047

Total 0.008 <0.001 0.307

TUS: therapeutic ultrasound;

VAS: visual analogue scale; WOMAC: Western Ontario and McMaster Universities Index; DSPH: diclofenac sodium phonophoresis;
values of p < 0.05 was accepted as significant and marked bold

composition and PH on the permeation of ibuprofen
through the rabbit skin. PH and increased concentration
ofthe drug in the gel were blamed for increased ibuprofen
plasma concentration. The authors suggested that PH and
composition of the gel (drug concentration, enhancers,
etc.) have a significant effect on the transdermal trans-
mission of a drug (16). Therefore, we thought that the
superiority of 2.32% DSPH was due to the drug concen-
tration in target tissues that appears to be sufficient to
exert a greater therapeutic effect in OA symptoms.

This study has some limitations. Firstly, this study
evaluated only the short-term outcome measures. The
long-term effectiveness of different concentration
DSPH could be provided. Secondly, DS gel in both con-
centrations with sham ultrasound might be added to con-
firm the results.

CONCLUSIONS

In conclusion, the present study is the first to demon-
strate the impact of the drug concentration on the PH
efficiency in patients with OA. Our data suggest that
topical DS in a gel formulation and higher concentration
may be more beneficial for PH treatment to get higher
efficacy for OA treatment and we believe that these find-
ings will be a basis for further studies to better estimate
the clinical efficacy of topical agents with different drug
concentrations in PH for musculoskeletal diseases.
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