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Abstract:
           Ultrasound, is a form of high-frequency sound waves, has become an essential tool in modern medicine due to its non-invasive, safe, and versatile nature. Its primary use lies in diagnostic imaging, where it enables real-time visualization of internal organs, tissues, and blood flow without the risks associated with ionizing radiation. Ultrasound is widely employed in obstetrics for fetal monitoring, in cardiology for assessing heart function, musculoskeletal and abdominal imaging. Beyond diagnostics, therapeutic ultrasound is used in physical therapy to promote tissue healing, reduce inflammation and alleviate pain. It also has an application in targeted drug delivery and breaking down kidney stones. Recent advancements in ultrasound technology have future expanded its potential in interventional procedures, cancer treatment, and regenerative medicine. Overall, ultrasound continues to be a safe, cost-effective, and rapidly evolving tool in both diagnostic and therapeutic areas of healthcare. This review paper to explain the importance of the usage of ultrasound waves in physical therapy specially the efficacy and its mechanism based on the molecular biology principles toward tissues healing.   
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Introduction:
         Ultrasound waves are form of energy which consists of mechanical vibrations as waves with frequencies above the range of human hearing above 20 KHz. Most medical applications employ frequency in the range 1 to 3 MHZ for physical therapy purposes [1]. These waves, are similar to the X-radiation in its nature but different in their interactions with water, that it does not cause ionizations or any free radicals' production, which can damage tissues or increase cancer risk. Decades of use in all medical fields show no proven long-term destructive effects on human's tissues when applied correctly [2]. These waves are longitudinal waves composed of particles undergoing vibration backwards and forwards about their mean position.                                                                                                            
          The ultrasound energy is transferred in the medium in the form of a disturbance in an equilibrium arrangement of the medium without any particle transfer of matter [3]. Theas waves cannot travel through the vacuum because ultrasound energy transfer to the medium particles which they vibrate to provide deep heating to the joint structures including the muscles, tendons, joints and ligaments.                                                                                                                                            
       The amount of ultrasound thermal energy has to be monitored to achieve appropriate therapy and prevent tissue damage. The maximum temperature needed in the range between 40-450C for a minimum of 5 minutes. After this period, there is a window of up to 10 minutes in which the tissue remains flexible and can be stretched. These effects cause increased blood flow, reduced muscle spasms, and greater flexibility in collagen fibers [4-6].  Thermal energy of ultrasound waves can be produced from both pulsed or continuous modes of ultrasound instrumentations.  Most ultrasound equipment can generate eighter continuous or pulsed ultrasound energy, the maximum intensity from continuous ultrasound is 3 w/cm2, while the pulsed ultrasound can raise to 5 w/cm2.                              
 The efficacy of ultrasound in physical therapy has two categories that are thermal and mechanical effects. This review paper to shed the light on the importance of the ultrasound waves in physical therapy. 
 Therapeutic ultrasound Efficacy:  
                  Therapeutic ultrasound uses high frequency sound waves typically 1-3 MHz to treat soft tissue injuries, muscle pain, and joint inflammation (figure 1). Its common applications are: reduces chronic and acute pain by increasing blood flow decreasing inflammation, enhancing tissue healing, stimulates tissue regeneration in muscles, tendons, and ligaments, reducing muscle spasms and stiffness [7].  Deep heating effects helps relax tight muscles and improve mobility, helps break down adhesions and scar tissue after injury or surgery, ultrasound waves use to deliver topical drugs like anti-inflammatories drugs deeper into the skin.   Moreover, these waves are useful to treat some conditions such as; tendonitis, bursitis, muscle strains or sprains, frozen shoulder, plantar fasciitis and joint inflammation. Although, some precautions are important for the appropriate use of ultrasound waves in physical therapy, these are; not used over areas with malignant tumors, infections, pregnant uterus, or implanted devices. In the conclusion, ultrasound waves are useful tool in physical therapy that should only be applied by trained professionals.                           
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Figure 1 ultrasound equipment and application. The massage should be made with a regular and constant movement of the treatment head. If the head is moved too slowly, unwelcome heat may develop; if, on the other hand, the head is moved too fast a bad contact may result between the head and the skin, thus reducing the efficacy of the therapy.                                                                                                 

Thermal effects of ultrasound waves:
          Thermal effects occur when ultrasound waves cause molecular vibrations in tissues. These vibrations lead to frictions between molecules that generate heat and increase tissue temperature, especially in tissues with high collagen content such as: tendons, ligaments, joint capsules, and scar tissues [8-11]. The physiological effects of ultrasound-induced heating led to increasing tissue temperature, enhanced blood flow which improves nutrient delivery and waste removal. Moreover, ultrasound -induced heating can promote increasing in tissue extensibility that helpful before stretching (figure 2).  In addition, reduce muscle spasms, pain relief via reduction of nerve sensitivity, acceleration of healing by improving enzyme activity and cellular metabolism. These thermal effects are used only in continuous mode, not in pulsed mode where they treat the chronic tendonitis, muscle tightness, scar tissue softening and joint contractures. High intensity focused ultrasound (HIFU) used high temperature to destroy tumors [12]. Some safety precautions are important to be considered for decent treatment such as overheating must be avoided can cause burns or tissue damage. Care is needed in areas with poor blood circulation or over implants like pace makers or hearing aids.  Pregnant uterus is very sensitive to thermal effects of ultrasound, thus avoiding the usage of ultrasound treatment over these conditions to ensure highly level of curative treatment [13].                                                                                                              
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Figure 2 Thermal effects of ultrasound. Increasing blood flow that leads to enhancement of metabolic procedures, collagen and protein synthesis to increase collagen extensibility and reducing joint stiffness to finally accomplishment the tissue healing.                                                                                                                             

Mechanical effects of ultrasound waves:
             Mechanical effects of ultrasound also called non-thermal effects of ultrasound which are refer to the biological effects that occur in tissues without a significant rise in temperature. These effects are primarily mechanical in nature and are important in both medical imaging and physical therapy [13-16]. Main non-thermal effects are: cavitation that is formation and activity of small gas-filled bubbles in tissues or fluids due to ultrasound pressure changes. These bubbles include: stable cavitation defined as bubbles oscillate without collapsing can enhance cell membrane permeability [17]. Unstable bubbles, also called transient bubbles are cavitations collapse violently may cause cell damage. Another mechanical effect of therapeutic ultrasound is acoustic streaming defined as steady, circular fluid movement caused by ultrasound waves enhances nutrient transport, waste removal and may stimulate cell activity [18].  Micromassage or mechanical vibrations of ultrasound waves may reduce edema, improve blood flow increasing angiogenesis, chondrogenesis, and osteogenesis thar lead to bone healing enhancement (figure 3).   In addition, the propagation of ultrasound waves into tissues cause elevated pressure leading to radiation force can displace particles or cells influencing cell signaling promoting antiapoptotic process and growth factors production. [19-20].                                                                                                    
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Figure 3 mechanical effects of ultrasound including angiogenesis, chondrogenesis, and osteogenesis to increase cell membrane permeability and enhance tissue healing.

Ultrasound transducer (probe):
        The transducer probe consists of the piezoelectric disc with electrodes, electrical connections, the housing, and front facing which has two shapes non damping backing to produce continuous US waves and damping backing block to produce pulsed US waves (figure 4). The piezoelectric materials that construct the transducer convert the electrical energy to mechanical energy when the electrical charge is applied to them. The piezoelectric materials that have been used in the US equipment's such as quartz, lithium sulphate or barium titanate [21]. Powerful piezoelectric materials are chosen according to their application and required probe characteristics, less complicated manufacturing and due to acoustic, technical or economic reasons. The housing contains layer of metal to serve as faraday cage to ensure that no external electromagnetic fields induce interference voltage in the crystal or connecting wires. Also, to minimize the emission of electromagnetic radiations from the crystal and connectors.                                                                                                                         
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Figure 4 components of ultrasound transducer that produce ultrasound waves. The transducer probe consists of the piezoelectric disc with electrodes, electrical connections, the housing, and front facing.

             Transducer probe consists of linear array of small elements, which contact with each other. Each element generates waves which spread uniformly in all direction ultrasound beam propagate into near and far fields [22]. Near field is called Fresnel Zone is the area between the probe and the point at which the beam starts to diverge. Where the beam remains cylindrical along the direction of the beam axis. The far field is called Fraunhoffer Zone is diverging part of the beam.                                                                  
[bookmark: _Hlk202177727]Dead spots are regions near the probe caused by destructive interference at which there is little or no ultrasonic energy and from which ultrasonic echoes cannot be received. Dead spots do not occur in the far field because destructive interference cannot take in the near filed the ultrasound waves are longitudinal, the attenuation can be neglected and the intensity remains constant along the beam. In the far field the beam becomes spherical and the intensity declines inversely as the square distance [23]. In the. For medical application is desirable to operate close to the near field avoiding the far field. For this reason, high frequency transducer with small crystal radius provides enough near field to extend to tissue depths of interest. If the frequency is lowered the transducer radius must be increased in order to obtain long near field.                                                                                                                                 
Conclusion:
         In conclusion, the therapeutic effects of ultrasound play a significant role in the treatment of most pathological conditions of all joints. When ultrasound waves absorbed by tissues, they generate both thermal and mechanical effects which increase blood flow, enhance tissue extensibility, and promote healing. These effects are particularly beneficial in physical therapy and rehabilitation. However, it is crucial to control exposure parameters to avoid potential tissue damage due to overheating. Understanding and properly applying the therapeutic ultrasound ensures its safety and effectiveness use in medical practice.                                                                                            
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