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Abstract - Therapeutic ultrasound (TUS) is a non-invasive modality widely utilized in physical therapy for its potential benefits in 

soft tissue healing and pain reduction. This review explores the mechanisms, applications, and clinical efficacy of TUS in treating 

various musculoskeletal conditions. TUS operates through thermal and non-thermal effects, promoting increased blood flow, 

reducing edema, and enhancing tissue extensibility. Clinical evidence supports its effectiveness in managing conditions such as 

knee osteoarthritis, where it has been shown to significantly alleviate pain and improve functional outcomes compared to placebo 

treatments. Additionally, TUS is beneficial for acute soft tissue injuries, chronic pain syndromes, and sports-related injuries by 
facilitating the healing process and improving joint mobility. However, the efficacy of TUS remains contentious for certain 

conditions, such as low back pain, where guidelines recommend against its use. This review underscores the importance of further 

research to refine the application protocols and optimize therapeutic outcomes of ultrasound in physical therapy. 
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1. Introduction 
Therapeutic ultrasound (TUS) has emerged as a pivotal modality in the field of physical therapy, renowned for its ability 

to promote soft tissue healing and alleviate pain. This non-invasive technique utilizes sound waves at frequencies higher than the 

audible range (typically 1-3 MHz) to penetrate tissues, producing various biological effects that facilitate recovery. As healthcare 

professionals seek effective methods to enhance rehabilitation outcomes, understanding the mechanisms and applications of TUS 

becomes increasingly important. 

 

1.1. Mechanisms of Action 

The therapeutic effects of ultrasound can be categorized into thermal and non-thermal mechanisms. Thermal effects arise 

from the conversion of sound energy into heat, leading to increased tissue temperature. This process enhances blood flow, 

promotes collagen extensibility, and accelerates metabolic processes within the tissue. Conversely, non-thermal effects are 

primarily attributed to cavitation and acoustic streaming. Cavitation involves the formation and collapse of microbubbles within 
tissues, resulting in mechanical stimulation that can enhance cellular activity and promote healing. Acoustic streaming refers to the 

steady movement of fluid caused by ultrasound waves, which can aid in reducing edema and improving nutrient transport to 

damaged tissues. 

 

1.2. Clinical Applications 

TUS is widely applied in various clinical settings, particularly for musculoskeletal injuries and conditions. It has shown 

promise in managing knee osteoarthritis, where studies indicate significant reductions in pain and improvements in joint function 

compared to placebo treatments. Additionally, TUS is effective for acute soft tissue injuries such as sprains and strains, as well as 

chronic conditions like tendinitis and bursitis. The versatility of TUS allows it to be integrated into comprehensive rehabilitation 

programs, often combined with other modalities such as exercise therapy and manual techniques. 

 
1.3. Challenges and Considerations 

Despite its benefits, the application of TUS is not without challenges. Variability in treatment protocols, patient responses, 

and the quality of existing research complicate its clinical use. Some studies have reported inconclusive results regarding the 

efficacy of TUS for specific conditions like low back pain, leading to recommendations against its routine use in these cases. 

Therefore, ongoing research is essential to establish standardized protocols and clarify the role of TUS in physical therapy practice. 
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2. Overview of Therapeutic Ultrasound 
Therapeutic ultrasound (TUS) is a significant modality in physical therapy, recognized for its ability to promote healing 

and alleviate pain. This overview delves into its history, principles, and various types of therapeutic ultrasound used in clinical 

practice. 

 

2.1. History and Evolution 

The use of ultrasound in medicine can be traced back to the 1920s and 1930s, when its heating properties were first 

explored for therapeutic purposes. Early experiments laid the groundwork for TUS applications, with significant advancements 

occurring in the 1940s and 1950s. During this period, researchers began to adapt ultrasound technology from sonar devices for 

medical uses, including neurosurgery and treatment of various ailments such as sciatica and neuralgia. By the 1970s, TUS had 

gained recognition within physiotherapy for treating musculoskeletal injuries, leading to widespread adoption in rehabilitation 

settings. Notable milestones include the development of the first therapeutic ultrasound devices, such as the SONOSTAT in 1947, 

which marked the transition from experimental to clinical applications. Over the decades, TUS has evolved with technological 
advancements, allowing for improved efficacy and safety in treatment protocols. Today, it is a standard component of physical 

therapy practices aimed at enhancing recovery from soft tissue injuries. 

 

2.2. Principles of Therapeutic Ultrasound 

TUS operates on the principles of sound wave propagation through tissues. The primary mechanisms involved are thermal and 

non-thermal effects: 

• Thermal Effects: When ultrasound waves penetrate tissues, they generate heat through molecular friction. This increase in 

temperature enhances blood flow, reduces muscle stiffness, and promotes collagen extensibility, which is crucial for tissue 

healing. 

• Non-Thermal Effects: These include cavitation and acoustic streaming. Cavitation refers to the formation of microbubbles 

that expand and collapse within tissues, leading to mechanical stimulation that can enhance cellular activity. Acoustic 
streaming involves the movement of fluids caused by ultrasound waves, aiding in nutrient transport and edema reduction. 

The combination of these effects contributes to TUS's effectiveness in treating conditions such as tendonitis, bursitis, and 

muscle strains. 

 

2.3. Types of Therapeutic Ultrasound 

There are several types of therapeutic ultrasound modalities used in clinical practice: 

• Continuous Ultrasound: This mode delivers a constant output of ultrasound energy, primarily used for thermal effects. 

• Pulsed Ultrasound: In this mode, ultrasound energy is delivered in bursts or pulses. This approach minimizes thermal 

effects while maximizing non-thermal benefits, making it suitable for acute injuries. 

• Focused Ultrasound: This technique concentrates ultrasound energy on a specific area to achieve deeper tissue penetration 

while minimizing damage to surrounding tissues. 

• Sonophoresis: This method involves using ultrasound to enhance the transdermal delivery of medications through the 

skin. 

 

3. Role of Therapeutic Ultrasound in Soft Tissue Healing 
Therapeutic ultrasound (TUS) plays a crucial role in the healing of soft tissues, leveraging both thermal and non-thermal 

mechanisms to facilitate recovery from injuries. This section outlines the mechanisms of action, applications in specific soft tissue 

injuries, and evidence from clinical studies supporting the use of TUS. 
 

3.1. Mechanisms of Action 

The effectiveness of TUS in soft tissue healing is attributed to its ability to induce changes at the cellular and molecular levels. The 

primary mechanisms include: 

 

• Thermal Effects: TUS generates heat within tissues, which increases blood flow and promotes vasodilation. This 

enhanced circulation delivers essential nutrients and oxygen to the damaged area, facilitating the healing process. The 

increased temperature also reduces muscle spasms and promotes collagen extensibility, aiding in tissue repair. 

• Non-Thermal Effects: These effects are primarily mediated through cavitation and acoustic streaming. Cavitation involves 

the formation and collapse of microbubbles within tissues, leading to mechanical stimulation that enhances cellular 

activity, such as fibroblast proliferation and collagen synthesis. Acoustic streaming facilitates the movement of fluids, 
improving nutrient transport to injured tissues and reducing edema. 

Research indicates that low-intensity therapeutic ultrasound (LITUS) specifically enhances tendon healing by improving 

collagen alignment and increasing tensile strength. Additionally, LITUS has been shown to accelerate muscle regeneration 

following injuries by promoting cell proliferation and reducing inflammatory markers. 
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3.2. Applications in Specific Soft Tissue Injuries 

TUS is applicable in a variety of soft tissue injuries, including: 

• Tendon Injuries: TUS is effective for conditions like tendinopathy, where it aids in collagen remodeling and improves 

tensile strength. Studies have shown that LITUS can significantly enhance healing in tendon injuries by promoting better 

alignment of collagen fibers. 

• Muscle Strains: For acute muscle strains, TUS accelerates recovery by increasing cell proliferation during the early stages 
of muscle regeneration. Research indicates that TUS-treated muscles exhibit improved protein expression related to 

muscle repair. 

• Ligament Injuries: TUS has demonstrated superior effects on ligament healing, enhancing mechanical properties such as 

tensile strength and energy absorption compared to untreated ligaments. 

• Scar Tissue Management: TUS is beneficial for breaking down scar tissue adhesions and promoting proper alignment of 

newly formed fibers, which is crucial for restoring function after injuries. 

 

3.3. Evidence from Clinical Studies 

Numerous clinical studies support the efficacy of TUS in soft tissue healing: 

A systematic review highlighted that LITUS significantly improved outcomes for various musculoskeletal injuries, 

including tendon and ligament injuries, by enhancing cellular responses and tissue biomechanics. Clinical trials have shown that 
TUS can reduce pain levels and improve functional outcomes in patients with conditions such as knee osteoarthritis and chronic 

tendinopathy. In a randomized controlled trial, patients receiving LITUS treatment for muscle contusions exhibited a 96% increase 

in cell proliferation compared to controls, indicating accelerated healing processes. Overall, therapeutic ultrasound represents a 

valuable tool in physical therapy for promoting soft tissue healing through its multifaceted mechanisms of action. Continued 

research will further elucidate its role and optimize treatment protocols for various soft tissue injuries. 

 

The image illustrates a therapeutic ultrasound applicator emitting ultrasound waves into the skin, showcasing its ability to 

penetrate progressively deeper into soft tissue layers. The skin is divided into four distinct sections: the epidermis, dermis, 

subcutaneous layer, and fat cells. Positioned at the skin's surface, the applicator delivers ultrasound energy that propagates through 

these layers, demonstrating both its thermal and non-thermal therapeutic effects. The epidermis, as the outermost layer, allows the 

ultrasound waves to pass through with minimal energy loss, acting primarily as a barrier. 

 
Fig 1: Therapeutic Ultrasound Skin Penetration 

 

As the waves reach the dermis, which contains a dense network of blood vessels and connective tissue, they are absorbed 
and converted into energy that enhances local circulation and promotes tissue relaxation. Deeper still, the subcutaneous layer and 

fat cells are subjected to the combined effects of cavitation and acoustic streaming. These non-thermal mechanisms stimulate 

cellular activity, promote the movement of fluids, and help reduce inflammation, facilitating the repair of injured tissues. This 

visual representation highlights the ability of therapeutic ultrasound to reach deeper structures within the body, providing targeted 
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relief from pain and inflammation while accelerating the healing process. The image serves as a valuable supplement to 

understanding the mechanisms of pain relief and soft tissue healing through ultrasound therapy. 

 

4. Role of Therapeutic Ultrasound in Pain Reduction 
Therapeutic ultrasound (TUS) is widely recognized as a non-invasive and effective modality for managing pain in various 

musculoskeletal conditions. The following section explores the detailed mechanisms of pain relief facilitated by TUS, its practical 

applications in pain management, and supporting clinical evidence. 

 

4.1. Mechanisms of Pain Relief 

The pain-relieving effects of TUS are achieved through a combination of thermal and non-thermal mechanisms, which 

target both tissue-level and cellular processes. 

 

4.1.1. Thermal Effects 
Thermal effects occur when TUS generates deep heat in the targeted tissues. The ultrasound waves, typically at frequencies 

between 1 MHz and 3 MHz, induce molecular vibration, leading to frictional heat. This thermal energy produces the following 

effects: 

• Increased blood flow: Heat promotes vasodilation, improving local circulation, which aids in clearing metabolic waste 

products (e.g., lactic acid) responsible for pain and inflammation. 

• Reduced muscle spasms and stiffness: Relaxation of muscle fibers reduces spasms and associated discomfort, improving 

mobility and function. 

• Enhanced tissue elasticity: Heat improves the extensibility of collagen fibers, which is beneficial for reducing tension in 

tendons and ligaments. 

 

4.1.2. Non-Thermal Effects 
Non-thermal mechanisms include cavitation and acoustic streaming: 

• Cavitation: The formation and oscillation of microbubbles within tissues due to ultrasound waves stimulate cellular 

activity, enhancing tissue repair and reducing pain sensitivity. 

• Acoustic streaming: The ultrasound-induced movement of interstitial fluids disperses edema and inflammatory mediators, 

which alleviates pressure and reduces nociceptive stimuli. 

The combined thermal and non-thermal mechanisms of TUS lead to increased pain thresholds and improved healing. For example, 

a systematic review of patients with knee osteoarthritis demonstrated reduced pain levels and improved joint function when TUS 

was applied at appropriate intensities. 

 

4.2. Applications in Pain Management 

TUS has proven effective in various clinical settings, particularly for pain management associated with acute injuries, 
chronic conditions, and postoperative care. 

 

4.2.1. Knee Osteoarthritis 

TUS has been extensively studied for knee osteoarthritis (OA), a common degenerative joint disease. Clinical trials 

demonstrate that TUS significantly reduces pain and improves function in OA patients. The heat generated reduces stiffness, while 

non-thermal effects contribute to tissue repair. A meta-analysis reported significant decreases in Visual Analog Scale (VAS) scores 

and improvements in the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC). 

 

4.2.2. Shoulder Impingement Syndrome 

Shoulder pain, often caused by conditions like impingement syndrome, can benefit from TUS therapy. While some studies 

show mixed outcomes, there is evidence of inflammation reduction and tissue repair, particularly when TUS is combined with 
exercise therapy. 

 

4.2.3. Postoperative Pain 

TUS has been successfully used to manage pain and swelling following surgical procedures, such as dental surgeries or 

orthopedic interventions. A double-blind clinical trial found significant analgesic effects with postoperative TUS therapy, 

highlighting its potential in accelerating recovery and reducing discomfort. 

 

 

4.2.4. Chronic Pain Conditions 

For chronic conditions like fibromyalgia or myofascial pain syndrome, TUS has shown potential in alleviating discomfort 

by enhancing circulation and reducing muscle tension. However, clinical evidence remains varied, necessitating further research. 
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Fig 2: Knee Osteoarthritis 

 

 
Fig 3: Shoulder Impingement Syndrome 

 

4.3. Clinical Evidence and Outcomes 

The clinical efficacy of TUS in pain reduction is well-documented in various systematic reviews and clinical trials. 

• Knee Osteoarthritis: A meta-analysis involving multiple randomized controlled trials (RCTs) confirmed the significant 

pain-relieving effects of TUS. Patients experienced reduced VAS scores and functional improvement, validating its role as 

an adjunctive therapy for knee OA. 

• Shoulder Pain: Comparative studies reveal mixed results, with TUS providing symptomatic relief in some cases but 

lacking consistent superiority over alternative treatments like manual therapy or transcutaneous electrical nerve 

stimulation (TENS). 

• Postoperative Pain: Research highlights the effectiveness of TUS in reducing pain and swelling after surgical procedures. 
For instance, a study on postoperative dental pain demonstrated faster recovery and lower analgesic consumption in TUS-

treated groups. 
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Table 1: Summary of Clinical Studies on Therapeutic Ultrasound Efficacy 

Study Type Findings Conclusion 

Meta-analysis Significant reduction in knee osteoarthritis pain Supports use of TUS for knee OA 

Clinical trial Effective post-surgical analgesia Validates use in postoperative care 

Comparative study Mixed results for shoulder conditions Suggests further research needed 

 

5. Ultrasound Parameters and Treatment Protocols 
Therapeutic ultrasound (TUS) is a widely used modality in physical therapy, and its effectiveness largely depends on the 

appropriate selection of parameters and treatment protocols. This section discusses optimal parameters for different conditions, 

dosage considerations, and the role of combination therapies in enhancing treatment outcomes. 

 

5.1. Optimal Parameters for Different Conditions 

The effectiveness of therapeutic ultrasound is influenced by several key parameters, including frequency, intensity, mode, duty 

cycle, and treatment duration. These parameters should be tailored to the specific condition being treated. 

• Frequency: The choice between 1 MHz and 3 MHz frequencies is crucial.  
▪ 1 MHz is suitable for deeper tissues (3-5 cm), making it ideal for conditions like deep muscle strains or 

ligament injuries. 

▪ 3 MHz is more effective for superficial tissues (2-3 cm), commonly used for conditions such as 

tendonitis or bursitis. 

• Intensity: The intensity of ultrasound typically ranges from 0.5 to 3 W/cm². Higher intensities may be used for chronic 

conditions, while lower intensities are recommended for acute injuries to avoid tissue damage. 

• Mode and Duty Cycle: Continuous ultrasound provides thermal effects beneficial for chronic conditions, while pulsed 

ultrasound is preferred for acute injuries to minimize heating. Common duty cycles include: 

▪ Continuous (100%): For thermal effects. 

▪ Pulsed (e.g., 1:4 or 1:2): For non-thermal effects. 

• Treatment Duration: Treatment time is influenced by the size of the area being treated and the desired temperature 
increase. A general guideline is to treat an area approximately 2-3 times the size of the soundhead for about 5-10 minutes. 

 

Table 2: Therapeutic Ultrasound Parameters 

Parameter 1 MHz 3 MHz 

Depth of Penetration Deeper (3-5 cm) Superficial (2-3 cm) 

Typical Intensity 1.0 - 2.5 W/cm² 0.5 - 2.0 W/cm² 

Duty Cycle Continuous or pulsed Continuous or pulsed 

Treatment Duration Longer (10-15 min) Shorter (5-10 min) 

 

5.2. Dosage Considerations 

Determining the appropriate dosage of therapeutic ultrasound involves several factors that influence treatment efficacy: 

• Treatment Area Size: The size of the treatment area should ideally be no more than two to three times the size of the 

transducer head to ensure effective energy delivery without dilution. 

• Intensity Adjustments: As intensity increases, treatment time should decrease proportionally to maintain safe tissue 

temperatures. Conversely, lower intensities require longer treatment durations to achieve therapeutic effects. 

• Temperature Goals: A typical therapeutic goal is to increase tissue temperature by about 4°C. Research indicates that 

temperatures above 41°C can be uncomfortable for patients; hence, careful monitoring during treatment is essential. 

 

The dosage can be calculated using the formula: 

𝑇𝑜𝑡𝑎𝑙 𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑇𝑖𝑚𝑒 = 𝐴𝑟𝑒𝑎 𝑆𝑖𝑧𝑒 × 𝑃𝑢𝑙𝑠𝑒 𝑅𝑎𝑡𝑖𝑜 × 𝑇𝑖𝑚𝑒 𝑝𝑒𝑟 𝐴𝑟𝑒𝑎 

 
For example, if treating a lesion that requires a pulse ratio of 1:2 over an area twice the size of the soundhead, with a time per area 

of one minute, total treatment time would be: 

𝑇𝑜𝑡𝑎𝑙 𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑇𝑖𝑚𝑒 = 2 × 2 × 1 = 4 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 

 
Table 3: Dosage Factors and Considerations for Therapeutic Ultrasound 

Dosage Factor Consideration 

Treatment Area Size No larger than 2-3 times soundhead 

Intensity Adjustment Increase intensity = decrease time 

Temperature Goal Aim for a rise of ~4°C 
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5.3. Combination Therapies 

Combining therapeutic ultrasound with other modalities can enhance treatment outcomes significantly. Common combination 

therapies include: 

• Manual Therapy: Integrating hands-on techniques with ultrasound can improve tissue extensibility and reduce pain more 

effectively than either modality alone. 

• Exercise Therapy: Following ultrasound treatment with targeted exercises can help maintain improved range of motion 
and strength in treated areas. 

• Electrical Stimulation: Using electrical modalities in conjunction with TUS can provide synergistic effects on pain 

reduction and muscle activation. 

Research indicates that combination therapies often yield better results in terms of pain relief and functional improvement 

compared to standalone treatments. For instance, a study found that patients receiving both TUS and manual therapy reported 

greater reductions in pain levels than those receiving either treatment alone. 

 

6. Challenges and Limitations of Therapeutic Ultrasound 
Therapeutic ultrasound (TUS) is a widely utilized modality in physical therapy, but it faces several challenges and 

limitations that can affect its effectiveness and safety. One of the primary concerns is the variability in clinical evidence regarding 

its efficacy. Despite over six decades of use, systematic reviews have shown that the benefits of TUS are often marginal, with 

many studies indicating little difference between active ultrasound treatment and placebo treatments for various conditions, 

including pain management and soft tissue healing. This inconsistency in outcomes can be attributed to differences in treatment 

protocols, such as variations in dosage, frequency, and duration of ultrasound application. The lack of standardized guidelines 

further complicates the clinical application of TUS, leading to potential misapplication and suboptimal patient outcomes. 

 

In addition to efficacy concerns, safety issues also pose significant challenges. Although TUS is generally considered safe 

when applied correctly, there are risks associated with its use. Potential adverse effects include skin burns from prolonged 
exposure, hypersensitivity reactions to coupling agents like ultrasound gel, and rare cases of cavitation that can cause tissue 

damage. Furthermore, certain populations are at higher risk; for example, TUS should be avoided in patients with cardiovascular 

issues, over areas with implanted devices (such as pacemakers), or near malignant tumors. These contraindications necessitate 

careful patient assessment before treatment, which can limit the overall applicability of TUS in diverse clinical settings. 

 

Ultimately, while therapeutic ultrasound offers potential benefits for pain reduction and tissue healing, clinicians must 

navigate its challenges and limitations carefully. Continued research is essential to establish clearer guidelines and improve the 

consistency of treatment protocols. Additionally, enhancing clinician training on proper application techniques could mitigate risks 

and optimize patient outcomes. As the field evolves, addressing these challenges will be crucial for maximizing the therapeutic 

potential of ultrasound in physical therapy. 

 

7. Future Directions and Innovations 
The future of therapeutic ultrasound (TUS) is poised for significant advancements driven by technological innovations 

and evolving clinical applications. One of the most promising directions is the integration of artificial intelligence (AI) into 

ultrasound systems. AI algorithms can enhance diagnostic accuracy by automating image analysis, identifying anatomical 

landmarks, and predicting patient outcomes based on imaging data. This automation not only reduces the time required for scans 

but also minimizes human error, making ultrasound a more reliable tool in clinical settings. As AI continues to evolve, we can 

expect more sophisticated applications that will streamline workflows and improve patient care, particularly in point-of-care 
scenarios where rapid decision-making is crucial. 

 

Another exciting development is the emergence of portable and handheld ultrasound devices. These innovations make 

ultrasound accessible in various settings, including remote areas and emergency situations. The miniaturization of ultrasound 

technology allows healthcare providers to conduct examinations at the bedside or in outpatient clinics, facilitating immediate 

diagnosis and treatment. Furthermore, advancements in 3D and 4D imaging capabilities are transforming how clinicians visualize 

internal structures. These technologies provide real-time imaging that enhances the understanding of complex anatomical 

relationships, improving diagnostic accuracy and patient outcomes. For instance, in obstetrics, 3D imaging allows for more 

detailed assessments of fetal development, aiding in early detection of congenital anomalies. 

 

The therapeutic applications of ultrasound are also expanding beyond traditional uses. Techniques such as High-Intensity 
Focused Ultrasound (HIFU) are being explored for non-invasive surgeries and targeted drug delivery, offering new avenues for 

treatment without the need for incisions. Additionally, research into microbubble-enhanced sonoporation holds promise for 

enhancing drug delivery systems, allowing for more effective treatment of conditions such as cancer by increasing the permeability 
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of cell membranes to therapeutic agents. As these innovations continue to develop, therapeutic ultrasound is set to become an 

integral part of modern healthcare, improving both diagnostic capabilities and treatment modalities across various medical fields. 

 

8. Conclusion 
In conclusion, therapeutic ultrasound (TUS) remains a valuable modality in physical therapy, offering numerous benefits 

for soft tissue healing and pain management. Its ability to promote tissue repair through thermal and non-thermal mechanisms 

makes it an effective tool for treating a variety of musculoskeletal conditions. Despite some variability in clinical evidence 

regarding its efficacy, the integration of TUS into rehabilitation protocols has shown positive outcomes for many patients, 

particularly in cases of tendon injuries, osteoarthritis, and postoperative recovery. The adaptability of ultrasound technology allows 

clinicians to tailor treatment parameters to individual patient needs, enhancing its therapeutic potential. 

 

However, challenges and limitations persist, including inconsistencies in treatment protocols and concerns regarding 

safety and efficacy. As the field evolves, ongoing research is essential to establish standardized guidelines that can optimize TUS 
application. Innovations such as artificial intelligence integration, portable devices, and advanced imaging techniques are set to 

revolutionize the use of ultrasound in clinical practice. By addressing current challenges and embracing technological 

advancements, therapeutic ultrasound can continue to play a pivotal role in enhancing patient care and treatment outcomes in 

physical therapy and beyond. The future holds great promise for TUS as it adapts to meet the changing landscape of healthcare 

needs. 
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