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Abstract: (1) Background: Knee Osteoarthritis (KOA) is a frequent type of degenerative joint 
disease, which results in a gradual loss of function, discomfort, and stiffness. KOA can be 
effectively treated with oral drugs such as corticosteroids and nonsteroidal anti-inflammatory 
drugs (NSAIDs). NSAIDs may raise the dangers of renal, gastrointestinal, and other systemic 
toxicities. Compared with oral NSAIDs, topical gels are an alternative therapeutic option with 
fewer side effects, with less therapeutic efficacy. Studies on ultrasound (US) as a therapeutic 
method go back a long time in KOA. US not only relieves symptoms but may also provide potential 
cartilage repair effects, and regulates inflammatory responses. Widely used as a physical enhancer 
of drug absorption is ultrasonic phonophoresis. By making the skin more permeable to topical 
pharmaceuticals, it improves the absorption of drugs used topically.  (2) Material and method: A 
monocentric study was conducted in the Center of Physical Therapy and Rehabilitation - "Dunărea 
de Jos" University of Galați on 20 patients, diagnosed with bilateral and unilateral moderate KOA. 
The experimental group (EG) included 10 patients who received 10 sessions of PT (Physical 
Therapy), transcutaneous electrical nerve stimulation (TENS), and Ultrasound (US) phonophoresis 
therapy with hydrocortisone 10mg/g. The control group (CG) included 10 patients who received 
10 sessions of TENS and US with neutral gel. (3) Results: All patients were clinically assessed with 
The "timed up and go test" (TUG), pain scale (VAS), and WOMAC. The t-test was used to calculate 
the statistical differences between the means of the EG and CG. (4) Conclusion: Hydrocortisone 
therapy combined with PT had a beneficial effect on pain and functional mobility in patients with 
KOA form EG. Furthermore, significantly greater improvement was observed among the 
intervention group with hydrocortisone. 
 
Keywords: knee osteoarthritis; recovery; ultrasonic phonophoresis; physical therapy; 
dexamethasone. 
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1. Introduction 
Osteoarthritis (OA) is a frequent type of degenerative joint disease. The main 

peripheral joint affected is the knee, which results in a gradual loss of function, discomfort, 
and stiffness [1]. One of the main causes of disability worldwide is OA of the hip and knee 
[2]. About 9000 knee arthroplasties are performed each year in England and Wales due to 
knee OA (KOA), which is a leading source of pain and disability in older people [3]. 

Clinically, patients with KOA exhibit symptoms such as pain, stiffness, and functional 
limitations linked to knee swelling and effusion, which may have an adverse effect on 
their quality of life (4). Exercises that target the heart and the muscles can help with KOA. 
Aerobic walking has been demonstrated to reduce pain in three RCTs [5,6]. 

Mündermann et al. and Chang et al. have shown that weak hip abductors diminish 
propulsion or explosive force during weight-bearing exercises, which in turn pressures 
the medial tibiofemoral joint and advances illness [7,8]. 

Hip abductor strengthening and KOA were found to be positively correlated in the 
current research and meta-analysis. The functional scores improved and the level of pain 
was somewhat reduced as a result of strengthening the hip abductors. These encouraging 
results imply that hip abductor strengthening can be employed as an efficient training 
program in individuals with KOA, but additional research is needed to determine 
whether these advantages on the evaluated functional outcomes are sustained over the 
long term. We now have a better grasp of the role, significance, and influence of hip 
abductor strengthening in patients with knee osteoarthritis according to the results of this 
review [9]. Ultrasonic phonophoresis uses sound waves to penetrate soft tissues to 
penetrate and absorb the skin to deliver therapeutic drugs [10]. 

Widely used as a physical enhancer of drug absorption by ultrasonic waves is 
ultrasonic phonophoresis. By making the skin more permeable to topical pharmaceuticals, 
it improves the absorption of drugs used topically. Similar to how ultrasound is applied, 
phonophoresis does the same thing, except the coupling agent is changed to include a 
drug [11,12].In physical therapy, phonophoresis has long been a standard, according to 
Gurney, hydrocortisone acetate is the substance used in ultrasonic phonophoresis the 
most frequently [13]. 

KOA is a chronic, degenerative condition that typically affects middle-aged or older 
people and is a major contributor to disability in the adult population [14,15]. The diverse 
pathophysiology of KOA is defined by its complex and multifaceted nature. It has been 
hypothesized that these variations result from the existence-presence of underlying 
phenotypes indicative of various disease processes [16,17]. 

Although it is more prevalent in older people, KOA is a condition that is not always 
associated with aging.  The prevalence of KOA has increased as the global population 
ages, and the percentage of people aged over 60 is increasing [18,19]. Statistically, KOA is 
the most prevalent form (6% of all adults), men aged 60-64 years are more likely to have 
osteoarthritis in the right knee (23%) than in the left knee (16.3%), although women appear 
to have a more even distribution in the right knee, 24.2%, and in the left knee, 24.7% 
[20,21,22,23]. 

Only 15% of people with radiologically proven KOA report knee pain, despite the 
presence of typical radiological markers of the condition. Because of insufficient clinical 
trials addressing specific features of rehabilitative treatment modalities, current 
guidelines on conservative treatment of KOA are peppered with consensus 
recommendations that are not convincing [24,25,26[. Patients with KOA are advised to 
engage in self-management, weight-reduction, programs of muscle strengthening, low-
impact aerobic exercise, neuromuscular treatment, and physical activity [27,28]. 

KOA can be effectively treated with oral pharmaceuticals such as corticosteroids and 
nonsteroidal anti-inflammatory drugs (NSAIDs) [29,30]. However, oral NSAIDs may raise 
the dangers of renal, gastrointestinal, and other systemic toxicities. Compared with oral 
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NSAIDs, topical gels are an alternative therapeutic option with fewer side effects, with 
less therapeutic efficacy [31,32]. 

Studies on ultrasound as a therapeutic method go back a long time [33]. Through the 
absorption of mechanical energy and the generation of heat in tissues, ultrasound has a 
therapeutic effect [34]. Ultrasound (US) therapy is a non-invasive and safe form of 
physical therapy (PT) used for musculoskeletal conditions, including KOA. The US not 
only relieves symptoms but may also provide potential cartilage repair effects [35]. Several 
studies have shown that the US promotes collagen formation, regulates inflammatory 
responses, and induces cartilage repair [36,37]. 

Widely used as a physical enhancer of drug absorption is ultrasonic phonophoresis. 
By making the skin more permeable to topical pharmaceuticals, it improves the 
absorption of drugs used topically. Similar to how ultrasound is applied, ultrasonic 
phonophoresis does the same thing, except the coupling agent is changed to include a 
drug [38,39]. 

TENS reduces pain in KOA by selectively stimulating large diameter, low threshold, 
non-nociceptive afferents in the dermis and by increasing motor neuron excitability of the 
quadriceps muscle. Transcutaneous electrical nerve stimulation (TENS) is a method used 
worldwide by physicians and physiotherapists in the treatment of pain symptoms [40]. 

To limit the loss of joint function caused by KOA it is necessary to implement specific 
physiotherapy exercises (PTE) to relieve KOA pain, but also to slow down the progression 
of this condition. In the literature, the importance and effectiveness of individualizing 
regularly performed exercises that maintain joint mobility, prevent joint cartilage 
degradation and prevent muscle atrophy are emphasized, thus improving joint stability 
and coordination in patients with KOA. Most clinical guidelines recommend PTE, weight 
loss, and patient education in the rehabilitation of KOA [41,42]. 

2. Materials and Methods 
The research aims to design and implement a rehabilitation scheme consisting of 

physiotherapy procedures to improve pain perception and decrease joint stiffness in the 
knee and improve daily activities. 

 
2.1. Trial Procedure 
The study was conducted from 11 October 2022 until 11 December 2022, treatment was 

provided in the Center of Physical Therapy and Rehabilitation - "Dunărea de Jos" 
University of Galați.  

The study complied with international conventions on the processing of personal data 
and ensuring the anonymity of the patients  following the Helsinki Declaration of Ethical 
Principles. The Ethics Committee of the higher education institution gave its consent to 
the research with number 12 dated 24.09.2022. 

The study was performed on a group of 20 patients , diagnosed with bilateral and 
unilateral KOA (14 men and 6 women) in stage 2 of the "Kellgren and Lawrence system" 
(KL) based on radiological examination of the anterior-posterior view of an X-ray of the 
knee. KL classification is commonly used in epidemiological research studies of KOA to 
guide health professionals in their clinical decision-making, especially for managing 
patients with surgical indications. The KL system uses five classes: KL 0 (normal), KL 1 
(narrowing of the joint space), KL 2 (osteophytes and narrowing of the joint space), KL 3 
(multiple osteophytes, well-defined joint narrowing, sclerosis, and possible bone 
deformity), and KL 4 (large osteophytes, marked joint narrowing, severe sclerosis, and 
defined bone deformity) [43]. 
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2.2 Study Design 
Out of a total of 35 patients  diagnosed with KOA, and the resulting inclusion and 

exclusion citations from the study, only 20 who were eligible for this experimental study 
were divided into 2 groups. 

  For the inclusion criteria, the eligible patients were those diagnosed and confirmed 
with KOA radiologically with KL 2 stage without previous, and patients who had not 
undergone any surgery or physical therapy (PT) procedure in the last 6 months. Patients 
with bilateral KL 2 stage KOA were also included but only if they had a single 
symptomatic knee and did not have increased inflammatory markers above the accepted 
values (erythrocyte sedimentation rate, rheumatoid factors, normal blood count, C-
reactive protein, and fibrinogen). 

The exclusion criteria included whether they had acute rheumatological conditions, 
autoimmune diseases, KOA stage 3/4 of the "Kellgren and Lawrence system", lower limb 
thrombosis, and arteriopathy. Balance disorders, neuropathies/sensory disorders, or skin 
lesions around the knee were other exclusion criteria in this study. Patients  were also 
excluded if they had contraindications or precautions for the use of corticosteroids were 
not included in the study. 

 
2.3 Patients 
The experimental group (EG) included 10 patients  (7 males and 3 females) who 

received 10 sessions of PT, transcutaneous electrical nerve stimulation (TENS) and 
Ultrasound (US) phonophoresis therapy with hydrocortisone 10mg/g. Three having 
bilateral KOA, four having left KOA, and three patients having right KOA, with the 
following characteristics: age 56+8, height 1.60cm+0.10, weight 82kg+0.15 and BMI (body 
index mass) 31.6 + 5.  

Control group (CG) included 10 patients  (men and 3 women) received 10 sessions of 
TENS and US with neutral gel. Two having bilateral KOA, six having left KOA, and four 
patients having right KOA, with the following characteristics: age 61+7, height 
1.70cm+0.10, weight 80kg+14 and BMI 28.24 + 6.96. 

2.4 Physiotherapy (PT)  
PT1 for EG and EC - electrotherapy-conventional TENS electroanalgesia for 30 minutes 

min using two frequency channels at 80 Hz and 100 µs, biphasic. 
PT2-US: EG = 6 min of 0.4-0.5 W/cm2 at 1 MHz with a 30% duty cycle with 

hydrocortisone; EC = 6 min of 0.4-0.5 W/cm2 at 1 MHz with a 30% duty cycle with neutral 
gel 

PTE3-EG and EC: between 50 min per session with moderate-intensity exercise that 
included the following: warm up for 10 min with a stationary bike, static quads with a 
hold for 7 s, knee extensions over a roll with a hold for 7 s, single-leg raises for 30 reps, 
step-ups for 30 reps, calf raises for three sets of 10-15, and wall squats with a hold for 10 
s. Neuro-proprioceptive facilitation techniques were used in four movement patterns 
repeated 2-3 times as a set: (flexion-abduction-internal), (extension-adduction-external), 
(flexion-adduction-external), and (extension-abduction-internal) rotations. The Neuro-
proprioceptive facilitation techniques included (contract-relax), (hold-relax); (reversal of 
antagonists), and (repeated stretch) [44]. The dosage consisted of three sets of ten 
repetitions, with each patients' starting weight matched to their maximal weight for ten 
repetitions. 

 
2.5. Assessment Tests and Outcomes 
All results were analyzed from the perspective of multiple indicators: the visual analog 

scale (VAS), the WOMAC scale, and Timed Up & Go Test (TUG)  
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This pain perception assessment tool, called VAS, is used worldwide by physiotherapists 
and clinicians (45). The VAS is scored on a scale of 0 to 10, with 0 representing no pain 
and 10 representing extreme pain perception [46]. 

The Western Ontario and McMaster Universities Arthritis Index (WOMAC) is used to 
assess KOA. Pain, stiffness, and function are part of three subscales of The WOMAC self-
administered questionnaire. The maximum WOMAC score is 96 and is a patient-made 
assessment that addresses activities of daily living, functional mobility, walking, general 
health, and quality of life. A high WOMAC score correlates with decreased quality of life 
[47]. 

The TUG test counts the number of seconds needed for a person to get out of a regular 
armchair, move three meters, turn around, and return to the chair before sitting down 
once more. The patient uses an assistive device if necessary and walks safely while 
wearing appropriate footwear. 

3. Results  
The study included 20 participants divided into two groups. The first group was 

treated with hydrocortisone (group A) and the second one without (group B). Each group 
was assessed before the intervention and after the intervention. The study included 14 
male participants (70%) and 6 female participants (30%). Figure 1 shows gender and body 
mass index (BMI) distributions according to the study group. The mean age among study 
participants was 58.8 + 80.6 years with a median age of 60 years. Age ranged from 42 to 
70 years. Table 1 shows characteristics and anthropometric measurements of participants 
according to the study group. As indicated by the independent t-test, no significant 
differences (P > 0.05) were observed in the mean values for age, weight, or height between 
the two tested groups. 

 
Table 1: Summary of the physical characteristics of both patient groups 

 

 

 

 
The statistical analysis using the 2 × 2 mixed-design MANOVA indicated significant 

effects of the treatment (the first independent variable) on all tested dependent variables 
(the VAS, TUG, and WOMAC subscales) for the two groups. Similarly, significant effects 
were observed for the measurement times (the second independent variable) on the tested 
dependent variables. In addition, the interaction between the two independent variables 
was significant (table 2), which indicated that the effect of the treatment (first independent 
variable) on the dependent variables was influenced by the measurement time (second 
independent variable). 

Table 2: The 2×2 mixed-design multivariate analysis of variance (MANOVA) for all de-
pendent variables between the two groups at different measurement times 

 

 

 

 

Item Group A Group B t P value 
Age (mean + SD) 56 + 8 61 + 7 -1.424 0.172 

Weight (mean + SD) 82 + 15 80 + 14 0.312 0.759 
Height (mean + SD) 1.6 + 0.1 1.7 + 0.1 -1.588 0.130 

BMI (mean + SD) 31.6 + 5 28.24 + 6.96 1.239 0.231 

Source of variation F P 
Groups 2.38 0.015* 
Measurement times 60.543 0.0001* 
Interaction 16.26 0.0001* 
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The within-groups comparison revealed a significant posttreatment reduction in all 
measurement assessment compared to the pretreatment scores for both groups (table 3). 
The intervention group had a 70.56%–75.05% improvement in pain intensity (VAS and 
pain subscale of WOMAC, respectively) compared to 35.8%–40.64% for the control group. 

Table 3: Summary of the pre-treatment and post-treatment mean ± SD and P values of the 
outcome measures for both groups 

Outcome measures 

 
Group A 

 
Group B 

P (between groups) 
 

Mean ± SD 
 

Mean ± SD 

 
VAS 

 
Pre-treatment 

 
4.9 + 2.47** 

 
7.1 + 1.28 

Post-treatment 1.4 + 1.35** 4.8 + 1.47 

TUG 
 

Pre-treatment 
 

12.35 + 1.32** 
 

14.2 + 1.46** 
Post-treatment 10.33 + 1.5** 13.17 + 1.77** 

WOMAC pain 
 

 
Pre-treatment 

 
10.4 + 4.27** 

 
14.6 + 3.13 

Post-treatment 2.9 + 2.13** 8.9 + 2.23 

WOMAC stiffness 
 

Pre-treatment 
 

5.3 + 1.56 
 

6.6 + 1.5 
Post-treatment 1.6 + 1.26 4.2 + 1.22 

WOMAC function 
 

Pre-treatment 
 

38 + 10.14 
 

44 + 6.79 
Post-treatment 13.5 + 6.32 32.5 + 6.18 

WOMAC total 
 

Pre-treatment 
 

35.7 + 15.62** 
 

64.5 + 11.32** 
Post-treatment 18 + 8.51** 45.6 + 7.3** 

*Significance level is set at an alpha level of <0.05. SD: standard deviation. 
P: Probability value. 
**Statistically significant difference from the pre-treatment value for the 
same group. 

 
The TUG test and stiffness and physical function subscales of the WOMAC were 

significantly improved posttreatment compared to the pretreatment values for both 
groups (multiple pairwise post hoc comparison tests used for all). Functional mobility 
likewise showed a higher rate of improvement in the intervention group compared to 
control (57.69% vs. 27.48% for TUG [MD: 
−2.83; CI: −4.38– −1.28] and 53.24vs. 22.97 [MD: −2.6; CI: −3.77– −1.42] and 56.1 vs. 26.42% 
[MD: −19; CI: −24.88– −13.12] for the joint stiffness and physical function subscales of the 
WOMAC, respectively). Significant differences were observed for the posttreatment mean 
values for all outcome measures between the two groups, favoring group A. A 
comparison of the mean pretreatment values showed no significant differences between 
the two groups. 

A significant reduction in the total WOMAC score was observed after treatment 
compared to the pretreatment value for both groups (paired t-test). An unpaired t-test 
revealed that the mean values of the VAS, TUG, and WOMAC pain subscale were 
significant between groups at the pretreatment measurements. On the other hand, other 
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parameters were not significantly different between the two groups before treatment. 
However, significant differences were found in the mean values after treatment between 
the two groups, which favored group A. The rate of improvement of the total WOMAC 
after treatment was 56.43% for Group A compared to 29.68% for Group B (MD: −27.6; CI: 
−35.05– −20.14). 

Both treatment groups demonstrated a clinically significant improvement in function. 
Whereas the intervention group reached a clinically significant effect size (−2.69). Direct 
comparison of both the groups showed a clinically significant pain reduction and 
improvement in function in favor of the intervention group (effect size −1.4 and −2.01, 
respectively). 

 
4. Discussions 
This study used PROMs and objective functional tests to document the effects of 

dexamethasone coupled with ultrasonic phonophoresis. Our findings show that in 
patients with mild-to-moderate knee OA, DxPh had a favorable impact on pain and 
function. Following the treatment, both groups showed improvements in function (TUG 
test, stiffness, and physical function subscales of the WOMAC, and the total WOMAC) as 
well as pain (VAS and the pain subscale of the WOMAC). The ultrasonic phonophoresis 
group, however, saw a noticeably bigger improvement. In order to prevent gender-related 
variations in the execution of the functional evaluation, the study was restricted to female 
patients. 

For the treatment to be successful, the medication choice for ultrasonic phonophoresis 
appears to be just as crucial as the ultrasonic parameters (Table 3). The use of ultrasound 
facilitation was shown to result in a higher buildup of dexamethasone in the serum when 
compared to sham ultrasound used over an occlusive bandage. 

This study was restricted to contrasting the immediate effects of ultrasonic therapy and 
DxPh. The study's follow-up duration, however, complies with the requirements for 
inclusion in a recent network meta-analysis of the best available research for the 
nonsurgical treatment of KOA.  

 
5. Conclusions 
Our results showed that hydrocortisone therapy combined with PT had a beneficial 

effect on pain and functional mobility in patients with KOA. Furthermore, significantly 
greater improvement was observed among the intervention group with hydrocortisone. 
PT 1+2 improved patients' quality of life but the best results from a clinical point of view 
were recorded by the ultrasonic phonophoresis group. 
 
Limitations: the evaluation contained only 3 types of clinical tests, therefore studies 
would also require the use of ROM, muscle strength, and clinical tests such as patellar 
shock, J test, MRI, and musculoskeletal ultrasound to determine synovial membrane 
changes. Another weakness was the small number of subjects included in the study. 
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