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                                                                                                    ‘IMAN’
                                           Summary
Low back pain refers to an uncomfortable sensation in the lower back and buttock area caused by injuries or irritation to nerves near the spinal canal. When this condition continues for over three months, it is labeled as chronic lower back pain.
The aim of the study was to compare the effectiveness of short wave diathermy with exercise, Transcutaneous electrical nerve stimulation with exercise and exercise alone among patients with chronic low back pain.
Thesis is an observational study in 75 patients between the ages of (20 – 50) years. The patients diagnosed by clinician before starting treatment. The participants are divided into three groups: group A 25 patients who underwent transcutaneous electrical nerve stimulation (TENS) and exercises, group B 25 patients who underwent continuous short wave and exercises, group C 25 patients who underwent just exercise. While short wave, TENS therapy and exercise are applied at Rizgari Teaching Hospital and Erbil teaching Hospital. 
The results showed that all three interventions were statistically significant effective in reducing pain and improving physical activities, with varying degrees of success. Because the p-values of all three groups are less than the significant level of α=0.05. But also the result showed that the mean difference for short wave with exercise is much higher than both (TENS with exercise) and (exercise alone) type of interventions in each of the different categories, respectively.
This study has shown that shortwave with exercise is more effective in the treatment of chronic low back pain than TENS with exercise and exercise alone.
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                                            1. Introduction

         Low back pain (LBP) is the most common form of self-reported musculoskeletal discomfort, often recurring, and carrying significant socioeconomic implications(Walker, 2000). Low back pain affects eighty percent of the population, when this condition continues for over three months, it is labeled as chronic lower back pain, impacting the area between the lower ribs and the folds of the buttocks. Chronic low back pain is the leading cause of activity restriction in middle adults under the age of 45 (George et al., 2021, Zhang et al., 2009). Inadequate body mechanics as well as postural malalignment, a stressful lifestyle, decreased flexibility, and a lack of general physical fitness all contribute to the development of chronic low back pain (Rubin, 2007, Andersson and McNeill, 2012). 
Conducting research on chronic low back pain is essential due to its pervasive impact on individuals and society. As one of the leading causes of disability worldwide, chronic low back pain not only severely diminishes individuals' quality of life but also poses economic and healthcare challenges. By investigating the underlying mechanisms, risk factors, and effective treatments, research offers a path to uncover valuable insights. This research can lead to the development of targeted interventions, personalized treatment plans, and preventative strategies, ultimately improving the lives of those who suffer from this condition and alleviating the societal burden it imposes.
Throughout various activities, the low back is subjected to compression, tension, as well as breaking stresses; over time, the intervertebral discs alter as a result of these persistent forces (Kerem and Yigiter, 2002, BJ and McNeill, 1989). The lumbo-sacral area is one of the body's regions that is subjected to significant strain throughout everyday activities. LBP is also classified as acute LBP has a duration of 0 - 4 weeks, subacute LBP 4 - 12 weeks and chronic LBP is defined as pain that exceeds 12 weeks duration (Abenhaim et al., 2000, Airaksinen et al., 2006).
Nowadays, patients with chronic low back pain, numerous interventional physical modalities have been used in addition to physical treatments. The most typical treatments for chronic LBP include various exercise techniques, thermotherapy, hydrotherapy, electrotherapy modalities, mobilization, manipulation, as well as traction (Maher, 2004). The primary goal of chronic LBP therapy is for the individuals to return to their expected level of activity as well as involvement, and also avoiding chronic complaints as well as recurrences (Iwamoto et al., 2004).
Shortwave diathermy is a treatment method used for chronic low back pain, employing high-frequency electromagnetic energy to generate heat. This heat can penetrate deep into the tissues, reaching up to two inches beneath the skin's surface. The treatment can be administered using either continuous or pulsed energy pulses. The frequency used for medical purposes typically falls within the range of 10 to 100 MHz, with a commonly used frequency of 27.33 MHz, corresponding to a wavelength of 11 meters (Shields et al., 2002, Kumar and Kumar, 2021). The treatment has been found to offer several benefits, including reducing pain and muscle spasms, increasing the pain threshold, promoting vasodilation, enhancing the flexibility of connective tissues, and improving joint mobility. It has shown positive results when applied before exercise therapy (Shields et al., 2002, Karasel et al., 2020). 
Another treatment option for chronic low back pain is TENS. Transcutaneous Electrical Nerve Stimulation, is a noninvasive treatment option used to address chronic low back pain and other conditions related to muscles, joints, and bones (Watson, 2008). This therapy involves applying a low-voltage electrical current through electrodes to the affected area. The electrical stimulation activates peripheral nerves and also sends signals to the brain, effectively blocking the body's natural pain receptors. By stimulating sensory nerves, TENS triggers specific natural pain relief mechanisms, making it useful for various conditions like bursitis, tendonitis, neck pain, sports injuries, arthritis, shoulder pain, carpal tunnel syndrome, and back pain. In summary, TENS is a safe and effective way to alleviate pain and promote healing for a range of musculoskeletal issues (Alyazedi et al., 2015).
Exercise is a therapeutic approach that is comparable to other treatments in reducing pain intensity and disability in cases of chronic low back pain. It involves engaging in a series of specific movements with the aim of improving the body through regular practice or physical training, ultimately leading to enhanced physical well-being. By incorporating exercise into one's routine, it can significantly promote overall physical health and help manage chronic low back pain effectively (Van Middelkoop et al., 2010).
After a thorough investigation into the effectiveness of various therapeutic approaches for chronic low back conditions, the research demonstrates that shortwave diathermy, transcutaneous electrical nerve stimulation (TENS), and exercise therapy for chronic low back conditions has yielded a clear conclusion. Among these approaches, shortwave diathermy has demonstrated the most substantial and consistent positive effects. The deep tissue heating provided by shortwave diathermy appears to offer superior pain relief, muscle relaxation, and improved circulation compared to TENS and exercise therapy. While each method has its merits, the outcomes of this research strongly suggest that shortwave diathermy holds the greatest potential for addressing the complexities of chronic low back conditions.

Aim: The aim of the study is to compare continuous SWD with exercise, TENS with exercise and exercise alone, to evaluate the effects of these treatments on chronic low back pain.

Objective:
1. To investigate the differentiation between three types of interventions both pre and post pain scores.
2. Identify socio-demographic characteristics of recovered Low Back Pain of patients.
3. To identify the optimal treatment for LBP patients and to find out which device is more effective.
4. To investigate the effects of three types of interventions on physical activity.
 
















2. Theoretical background and literature review

2.1. Theoretical background
2.1.1. Low back pain
Low back pain refers to an uncomfortable sensation in the lower back and buttock area caused by injuries or irritation to nerves near the spinal canal. When this condition continues for over three months, it is labeled as chronic lower back pain. Regrettably, the understanding and treatment of chronic lower back pain are lacking, primarily due to the varied group of patients it impacts and the absence of a clear-cut and efficient approach for its management (BenDebba et al., 2000).
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The anatomy of the back is a complex and intricate structure, comprising various components that collectively support the body's structure, facilitate movement, and protect vital neurological and visceral elements. The vertebral column, the backbone of this region, is divided into cervical, thoracic, lumbar, sacral, and coccygeal sections. It not only provides structural support but also houses and protects the spinal cord, a crucial component of the central nervous system. Intervertebral discs, located between adjacent vertebrae, act as shock absorbers, allowing flexibility and motion.
Muscles play a pivotal role in back anatomy, with the erector spinae muscles supporting back extension and larger muscles like the trapezius, latissimus dorsi, and rhomboids contributing to upper back strength. Nerves stemming from the spinal cord innervate the back muscles and tissues, forming a vital part of the peripheral nervous system (Waxenbaum et al., 2023).
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Facet joints connect vertebrae, enabling smooth spinal movement, while ligaments provide stability by connecting bones. Blood vessels, such as the thoracic and lumbar arteries, supply essential nutrients to back muscles and tissues. The thoracic cage, consisting of ribs and the sternum, offers protection to vital organs like the heart and lungs.
The posterior abdominal wall and dorsal region contribute to overall back stability, and understanding the intricate network of anatomy in this region is crucial for diagnosing and treating conditions such as back pain. Disorders affecting any of these structures can lead to pain, restricted mobility, and various other symptoms, highlighting the interconnectedness of the components in the complex anatomy of the back (Waxenbaum et al., 2017, Sassack and Carrier, 2020).
Chronic low back pain is a prevalent medical issue and a leading cause of chronic disability in industrialized societies. Research indicates that the occurrence of low back pain at some point in a person's life varies between 60% and 90%, with a yearly occurrence rate of 5%. Both males and females are impacted equally, although women tend to encounter it more frequently after the age of sixty. Interestingly, approximately 80% to 90% of individuals will go through at least one episode of back pain during their lifetime (Zaman, 1992). Furthermore, low back pain contributes significantly to work-related absences, and its impact on work losses has been increasing rapidly compared to other common forms of incapacity in recent years (Maniadakis and Gray, 2000). 
In the case of acute back pain, which is often associated with some form of acute tissue injury and can lead to anxiety and fear of disability, providing early pain relief is crucial. The therapeutic options for managing acute lower back pain include analgesics, muscle relaxants, and nonsteroidal anti-inflammatory drugs (NSAIDs). These medications play a significant role in the pain management strategy. According to a recent review of 51 trials, NSAIDs have been found to be effective in providing short-term symptomatic relief for patients with acute lower back pain (Grabois, 2005). In addition to medications, applying cold packs as soon as possible can be beneficial in the initial stages of the condition. As the condition progresses, heat therapy or light stroking massage may also be used to provide relief and aid in the healing process (Yousefi‐Nooraie et al., 2008, Dehghan and Farahbod, 2014). 
Physicians frequently offer differing and occasionally limiting guidance regarding physical activity and employment for individuals dealing with chronic back pain. These recommendations can be shaped by the personal beliefs of the doctors as well as factors tied to the distinct clinical symptoms exhibited by the patients. For a long time, bed rest has been considered an effective treatment for chronic lower back pain based on experiences of rapid pain relief in certain cases. This belief was also supported by experimental data showing that lying in a prone position puts the least pressure on the intervertebral disc. However, Over the past few years, a number of controlled studies have raised doubts and contested this approach (Hagen et al., 2000, Hagen et al., 2005). A systematic review of evidence indicates that bed rest is no longer considered beneficial in episodes of chronic lower back pain. As a result, the notion of recommending prolonged bed rest for such cases has been refuted, and other approaches to managing acute lower back pain are being explored (Hagen et al., 2005).
Low back pain can greatly influence an individual's capacity to engage in their routine tasks. The severity of the impact can vary depending on the intensity and duration of the pain. Here are some of the common ways low back pain can affect activities of daily living: low back pain can make it difficult to move around freely, particularly when the pain is severe. This can affect a person's ability to walk, stand, bend, and lift objects, which are all necessary for performing daily activities. Can make it difficult for individuals to perform their work-related tasks, particularly if the work requires physical labor. Such a situation could result in diminished efficiency, absenteeism from work, and potentially even unemployment. Additionally, low back pain can pose challenges in taking part in leisure pursuits like sports, physical activities, or personal hobbies. This can lead to social isolation and a decrease in quality of life. Can interfere with a person's ability to get a good night's sleep, which can exacerbate the pain and make it more difficult to function during the day. Low back pain can cause frustration, anxiety, and depression, particularly when the pain is chronic. This can affect a person's overall mood and lead to social withdrawal (Fullen et al., 2022).
The majority of individuals experiencing low back pain will recover on their own, typically due to common mechanical reasons. To understand the various factors contributing to a patient's discomfort and to gauge how the pain affects their daily functioning, a comprehensive medical history and physical examination are crucial. The main objective of this evaluation is to swiftly identify uncommon but serious underlying causes such as tumors, infections, inflammatory arthritis, or fractures that might be responsible for the low back pain. Additionally, it aims to pinpoint patients who might face a slower recovery due to neurological issues or psychological factors(Wiesner et al., 2000). For patients without symptoms radiating down the legs or any concerning "red flags" such as signs of inflammatory arthritis, infection, fracture, or cancer, a focused physical examination is generally satisfactory. However, if there's a suspicion of a broader, systemic cause for the low back pain, the physical examination should be extended to encompass assessment of all body systems.
Pain in the spine can be influenced by various structures such as bones, ligaments, muscles, joints, nerves, fascia, and soft tissues. It is crucial to rule out serious spinal conditions like disk herniation, spondylolisthesis, inflammatory diseases, traumatic injuries, and neoplastic changes. Additionally, extra-spinal causes of pain, originating from internal organs or blood vessels, should be considered (Kinkade, 2007).
In cases where there are degenerative changes in the spine (joints, disks) or musculoskeletal disorders (e.g., lumbar strain, myofascial pain syndromes, fibromyalgia, postural abnormalities, pelvic floor myalgias), determining the exact underlying cause can be difficult (Kim et al., 2020).
Chronic low back pain is a prevalent condition that can significantly affect a person's quality of life. Diagnosing low back pain usually involves a comprehensive approach, which includes taking a detailed medical history, conducting a physical examination, and utilizing various imaging studies. To begin, a healthcare professional will gather information about the pain, including its characteristics, duration, and factors that worsen or relieve it (Carragee and Hannibal, 2004). A physical examination will follow, where they assess the back's range of motion, muscle strength, and nerve function. Conducting a comprehensive evaluation of the patient's medical history is important and should cover various aspects, including the mode of onset of low back pain, the impact of posture, inactivity, exertion, and rest on the pain, any pain radiation to the legs during coughing or sneezing, night-time pain, the pattern of pain episodes, any related limb symptoms, effects on urinary and bowel function, history of spinal surgery, workplace situation, sick leave, compensation issues, and signs of depression or psychological distress (Koes et al., 2006).
The clinical examination should involve carefully observing various aspects such as checking for deformities, paraspinal muscle spasms, abnormal hair growth, posture, and muscular atrophy. Additionally, it is important to perform palpation to identify trigger points and assess joint movement. Furthermore, evaluating the range of motion, including flexion, extension, side-bending, and rotation, is crucial. Conducting a thorough neurological examination is also vital, which includes assessing sensory function, muscle strength and size, muscle reflexes, and performing the straight-leg-raising test. All these components play a significant role in the evaluation of patients experiencing lower back pain (Maher et al., 2017). 
There is currently no consistent evidence linking radiographic findings to non-specific lower back pain (LBP). In individuals under 50 years old, certain radiographic abnormalities such as disk extrusion, sequestration, nerve root compression, end plate abnormalities, and facet joint osteoarthritis are uncommon and might have some predictive value for LBP in patients with symptoms. The increased use of MRI has brought attention to the phenomenon of bulging disks and their association with LBP. When studying the prevalence of various MRI findings in an asymptomatic population, researchers discovered that bulging disks were present in 81% of cases, and focal disk protrusions were found in 33%. On the other hand, extruded disk herniation, nerve root displacement, and annuloligamentous complex interruption were rare findings in asymptomatic individuals (Kjaer et al., 2007). Degenerative changes in the spine may be more closely linked to patients experiencing lower back pain (LBP) or sciatica. These degenerative processes tend to occur rapidly after the growth phase in adolescence. Interestingly, the appearance of degeneration on MRI remains quite similar, whether or not symptoms are present. However, these degenerative changes are more common in symptomatic adolescents and can develop at an earlier age.
In general, there seems to be a positive relationship between degenerative lumbar disk disease and LBP during adolescence. To gain further clarity in specific cases, myelography and CT myelography may be conducted to address particular questions. Additionally, electrodiagnostic tests can be employed to identify neurogenic changes and denervation, as well as determine their extent (Singh et al., 2018).

2.1.2. Short wave diathermy 
Short wave diathermy is a form of deep heating commonly employed in physical therapy. It exerts a significant impact on reducing pain, and the elevated tissue temperature resulting from the application of heat induces expanded dilation of arterioles and capillaries. This, in turn, enhances blood circulation to the targeted region. The application of heat leads to profound alterations in the physical characteristics of fibrous tissues, including those present in tendons, joint capsules, scars, and other bodily tissues (Chen et al., 2021). 
SWD is commonly used in the treatment of various musculoskeletal conditions, including low back pain, osteoarthritis, sprains, strains, and other soft tissue injuries. However, its effectiveness may vary depending on the individual, the specific condition being treated, and other factors. It is essential to note that shortwave diathermy should be administered by qualified healthcare professionals, such as physical therapists, who are trained in the safe and appropriate use of this modality. Certain precautions should be taken, such as ensuring the patient's comfort during treatment, avoiding direct contact with metallic objects, and monitoring the treatment area to prevent burns or other adverse reactions.
As with any medical treatment, shortwave diathermy may not be suitable for everyone, and its use should be determined based on an individual's specific condition and medical history. Patients should always consult with a healthcare professional before undergoing SWD or any other form of therapy to ensure its safety and appropriateness for their needs (Masiero et al., 2020).
The principle behind shortwave diathermy (SWD) is the use of electromagnetic waves to generate heat within body tissues. SWD uses high-frequency electromagnetic energy typically in the range of 27.12 to 27.78 MHz. These electromagnetic waves can penetrate deep into the body, reaching muscles, tendons, ligaments, and other structures.
The key principle of shortwave diathermy involves the interaction of electromagnetic waves with body tissues, resulting in the conversion of electromagnetic energy into heat energy. This process occurs due to the following mechanisms:
Dielectric heating is the primary mechanism responsible for the generation of heat in the tissues during SWD. When electromagnetic waves pass through body tissues, they encounter different dielectric properties in various tissues. Dielectric properties refer to the ability of a material to store and dissipate electrical energy when subjected to an electric field (Al-Mandeel and Watson, 2008).
Selective Absorption: Different tissues have varying electrical properties, such as electrical conductivity and permittivity. Tissues with higher water content and ion concentration tend to be more conductive and have higher permittivity. As the electromagnetic waves pass through the body, tissues with higher electrical conductivity and permittivity selectively absorb more energy, resulting in localized heating.
Deep Penetration: Shortwave diathermy has the advantage of deep tissue penetration compared to other superficial heating modalities like ultrasound or infrared. The ability to reach deeper tissues makes SWD suitable for treating larger and deeper body areas (Masiero et al., 2020).
Blood Flow Increase: As the tissues absorb the electromagnetic energy and heat up, there is an increase in blood flow due to vasodilation. The increased blood flow helps deliver oxygen, nutrients, and immune cells to the treated area, promoting tissue healing and reducing inflammation.
Overall, the principle of shortwave diathermy is to utilize electromagnetic waves to generate controlled heat within the body tissues. This heat, in turn, produces various therapeutic effects, including pain relief, muscle relaxation, increased tissue extensibility, and improved circulation, which can aid in the recovery and rehabilitation process for various musculoskeletal conditions. It's essential to use SWD under the supervision of qualified healthcare professionals to ensure its safe and effective application (Shields et al., 2001).

2.1.3. Transcutaneous electrical nerve stimulation
Transcutaneous electrical nerve stimulation (TENS) is a pain-relieving method employed by healthcare providers globally, and recent surveys indicate its widespread usage in the field of Physiotherapy. Nonetheless, uncertainty surrounds the clinical efficacy of TENS, as several researchers have thoroughly assessed TENS-related literature and come to the consensus that TENS offers modest pain alleviation for postoperative pain, labor pain, and chronic pain (Gladwell et al., 2020).
The utilization of electrical stimulation on the skin to alleviate painful conditions was revived by Melzack and Wall (Melzack and Wall, 1965), They proposed the existence of inherent spinal and supraspinal antinociceptive mechanisms that contribute to pain relief in humans. They hypothesized that neural activity in large A-beta fibers, related to touch, could trigger spinal antinociceptive mechanisms by inhibiting the ongoing activity in second-order pain-related neurons in the spinal cord's dorsal horn. This concept, often referred to as 'closing the pain gate,' suggested that TENS could be employed to selectively activate these large A-beta fibers, resulting in the closure of the pain gate. Subsequent animal and human studies have experimentally confirmed this notion. As a result, health care professionals adopted TENS as a technique for enhancing pain relief in their treatment approaches. In its basic form known as conventional TENS, a portable device generates electrical currents that are applied through conducting pads (electrodes) onto the intact skin surface. Conventional TENS utilizes biphasic pulses delivered at a higher frequency ranging from 10 to 150 pulses per second (pps), with an intensity that elicits a robust yet comfortable electrical sensation. These specific electrical attributes selectively activate A-beta fibers while avoiding simultaneous stimulation of small-diameter A-delta and pain-related peripheral fibers. Despite various attempts by researchers to ascertain the ideal electrical parameters for TENS, these endeavors have largely met with limited success. Consequently, in real-world clinical practice, the most suitable electrical settings for individual patients are determined through a process of trial and error. This approach places the responsibility for defining the TENS electrical characteristics in the hands of the patient, empowering them with an active role in shaping their treatment (Garrison and Foreman, 1994, Garrison and Foreman, 2002). 
Within hospital environments, TENS has been employed to address immediate pain linked to surgery, childbirth, musculoskeletal issues, bone fractures, dental procedures, and post-traumatic situations. Instances of TENS utilization in clinical scenarios have been documented by various international groups. An examination of 42 hospitals in Canada estimated that more than 450,000 TENS treatments were administered annually across these facilities. Similarly, surveys conducted in Australia and the U.K. revealed widespread possession of TENS devices by hospital departments focused on pain management. Additionally, physiotherapists, nurses, and midwives emerged as the primary practitioners delivering TENS interventions (Robertson and Spurritt, 1998). In the United Kingdom, a survey involving 201 physiotherapists who participated in a postal questionnaire revealed that 58 of them utilized TENS on a daily basis (2 to 3 times per day), 48 employed TENS 2 to 3 times per week, and 65 incorporated TENS 2 to 3 times per month. A comparable study conducted by Robertson and Spurrit19 in Australia demonstrated that TENS was accessible in 85% of the 160 facilities examined, with 31% of these establishments indicating daily usage (Dissanayaka et al., 2014).

2.1.4. Exercise therapy  
Physical activity can play a crucial role in preventing future episodes of back pain and improving symptoms for individuals dealing with persistent low back pain. Both exercise and various physical methods contribute to the behavioral management of chronic pain, aiding in the adjustment of pain perception. Therapeutic exercises have the purpose of reconditioning, enhancing muscle strength and flexibility, and achieving an optimal range of motion. These exercises indirectly lead to pain relief and an improved quality of life. It's recommended to choose exercises that target the specific area of pain, such as using Williams' flexion exercises and McKenzie's exercises for low back pain, as well as engaging in general conditioning exercises like cycling, walking, or swimming. However, it's important to note that these exercises might not benefit every individual with chronic low back pain (Atlas and Nardin, 2003). During the early stages of chronic low back pain, engaging in low-impact aerobic activities, especially walking, has been proven more effective than bed rest or inactivity. Present research indicates that active rehabilitation is the most effective approach to managing back pain, particularly when considering long-term improvements as a priority (Moffett, 2002).
Low back pain ranks among the primary contributors to disability. Exercise therapy stands as a prevalent approach in addressing this condition. Exercise is commonly recommended as a first-line treatment for individuals with low back pain. Regular exercise can help improve muscle strength, flexibility, and endurance, which can in turn reduce the risk of low back pain and improve pain and function in individuals with existing low back pain (Paolucci et al., 2018).
In 2000, a Cochrane review conducted by van Tulder et al. analyzed the existing literature to evaluate the efficacy of exercise therapy in addressing low back pain, focusing on aspects such as pain intensity, functional status, overall improvement, and the ability to return to work. The review encompassed 39 randomized controlled trials encompassing various forms of exercise therapy for both individuals with acute and chronic non-specific low back pain. Given the diversity and limitations of the available literature, the researchers adopted a levels-of-evidence approach to consolidate the findings. The outcome of this synthesis indicated that there was insufficient evidence to support the effectiveness of exercise therapy for acute low back pain, whereas it suggested that exercises could offer potential benefits for individuals dealing with chronic low back pain (Van Tulder et al., 2000).
A randomized controlled trial found that core stabilization exercise program led to significant improvements in pain and disability in individuals with chronic low back pain(You et al., 2014). Overall, these studies suggest that exercise can be an effective treatment for low back pain. However, it is important to note that the optimal type, duration, and frequency of exercise may vary depending on the individual and the specific type of low back pain.
While exercise therapy is widely employed to address patients with low back pain (LBP), this term encompasses a diverse array of concepts and underlying physiological principles. To establish a more organized framework within this domain, definitions have been formulated and organized into six sections, progressing in ascending levels of specificity:
Types of spinal movement: combined movements, extension, flexion, lateral inclination, rotation. 
Nature of exercise: aerobic - anaerobic, dynamic - static, isometric - isotonic - isoinertial - isokinetic, eccentric - concentric, free weight. 
Types of exercise: Aerobic exercise, Strength training, Swimming, Running, Stretching….etc
Exercise parameters: duration, frequency, intensity.
Exercise evaluation techniques: muscle strength, muscle endurance, lifting tasks, flexibility fitness, posture, position.
Specific exercise techniques.
Exercise therapy for low back pain aims to address various aspects, including correcting posture, relaxing muscle spasms, strengthening core muscles, and improving overall aerobic fitness. There are different exercise techniques available, each based on distinct pathophysiological concepts (Quittan, 2002). Below is a brief overview of some common exercise types, and for more detailed information, readers are encouraged to refer to specific literature.
Alexander Technique: Developed in 1900, this technique focuses on dynamic postural organization during functional movements. It emphasizes the integration of voluntary motor responses and reflexes to prevent excessive muscular contraction, promoting proper movement patterns (Little et al., 2008).
Flexion Exercises: These exercises aim to reduce compressive forces on the z-joints, unload the posterior vertebral disc, and open the intervertebral foramen. They may be better suited for individuals with central disc herniations, but caution is advised for those with acute dural tension as flexion can worsen the condition (Sukmajaya et al., 2020).
Cyriax and McKenzie Exercises: These exercises were developed based on the theory that abnormal stretching of posterior muscles and aponeurotic structures contributes to low back pain. McKenzie's approach focuses on mechanical disturbances, particularly involving the intervertebral disk. Extension exercises are employed to bring about changes in the nucleus pulposus of the intervertebral disk. The objective of these exercises is to alleviate pain by reducing stress in the posterior annular fibers, enhancing mechanoreceptor feedback, alleviating tension on nerve roots, modifying pressure within the disk, and facilitating the anterior movement of the nucleus pulposus. Each exercise technique may have its own benefits and considerations, and the choice of exercises should be tailored to the individual's specific condition and needs. It is recommended to consult with a qualified healthcare professional or physical therapist to determine the most appropriate exercise regimen for managing low back pain effectively(May and Donelson, 2008). 

2.2. literature review
2.2.1. Effect of short wave diathermy on low back pain
There is some evidence to suggest that shortwave therapy can be effective in reducing low back pain. Shortwave therapy uses high-frequency electromagnetic waves to create a thermal effect in the tissues, which can help to increase blood flow and reduce inflammation. This therapy has been used for a variety of musculoskeletal conditions, including low back pain.
This research involving 97 patients with chronic low back pain, researchers explored the impact of shortwave diathermy as a treatment. Patients were randomly divided into two groups, both receiving standard treatments such as nonsteroidal anti-inflammatory drugs, exercises, and daily activity instructions. One group additionally underwent shortwave diathermy treatment. After a six-week period, both groups exhibited improvements, but notably, the shortwave diathermy group showed significantly greater enhancement compared to the non-diathermy group. These findings suggest that shortwave diathermy could be an effective treatment option for chronic low back pain sufferers (Ahmed et al., 2009).
This research involved 40 patients aged 25 to 65 with diagnosed chronic low back pain lasting 1 to 3 months, selected from Raj Nursing Home and Shifa Hospital. Randomly divided into two groups, Group A received a combination of Shortwave Diathermy (SWD) and Exercise, while Group B only received Exercise. Over 6 weeks, three sessions per week were conducted. Pain levels assessed using VAS and MPQ before and after the 6-week period revealed that Group A, receiving both SWD and exercise, experienced significantly greater pain improvement compared to the exercise-only group. This statistical significance (p < 0.050) indicates that the combined approach of SWD and Exercise is more effective in alleviating chronic back pain symptoms than relying solely on exercise (Khan et al., 2013).
In a year-long interventional study at the Department of Physical Medicine and Rehabilitation, Anugrah Narayan Magadh Medical College and Hospital in Gaya, Bihar, India, researchers aimed to evaluate the impact of various shortwave diathermy forms on isokinetic muscle strength in patients. The 150 participants were randomly divided into three groups. The first received placebo shortwave diathermy (device off), the second continuous shortwave diathermy with specific parameters, and the third pulsed shortwave diathermy, all using the same frequency (27.12 MHz), wavelength (11.06 m), and power (200 watts), with a 0.3 ms pause for the third group. Isokinetic muscle strength was measured using a Cybex isokinetic system (Cybex-Norm) before and after three months of treatment. The study found no significant differences in lumbar muscle strength between patients undergoing exercise therapy alone and those receiving exercise therapy combined with either continuous or pulsed shortwave diathermy, indicating no additional benefits in lumbar muscle strength with the addition of shortwave diathermy (Kumar and Kumar, 2021).
This intervention trial assessed 90 participants seeking treatment for chronic low back pain at a clinic between 2008 and 2009. Aged 40 to 65, experiencing pain for over 6 months, they were randomly assigned to three groups: placebo short-wave diathermy, continuous short-wave diathermy, and pulsed short-wave diathermy. Pain, functional impairment, and depression levels were measured using VAS, PDI, Modified Oswestry Low Back Pain Disability Questionnaire Form, and Beck Depression Inventory (BDI). Results showed significant reductions in PDI and VAS scores across all groups. Functional enhancement was observed in all groups, with no significant differences between them. While the exercise-only group showed no improvement in BDI scores, Groups 2 and 3 exhibited significant enhancements. Continuous SWD combined with exercise proved more effective in alleviating chronic low back pain, with improvements in depression levels observed in groups receiving SWD treatment (Karasel et al., 2021).

2.2.2. Effect of transcutaneous electrical nerve stimulation on low back pain 
Transcutaneous electrical nerve stimulation (TENS) is a frequently employed electrotherapy method for addressing cases of low back pain (LBP). TENS is a non-intrusive approach that entails administering low-frequency electrical impulses through the skin via electrodes placed on the affected area. TENS is believed to work by stimulating the nerve fibers that transmit pain signals, thereby reducing the perception of pain (Johnson, 2007). 
Three sets of researchers have conducted comprehensive analyses of the literature regarding the clinical efficacy of TENS in addressing chronic pain. These reviews have resulted in the consensus that establishing the effectiveness of TENS for chronic pain management is challenging due to the scarcity of high-quality trials. Reeve et al. meticulously examined 29 clinical studies focusing on the efficacy of TENS for various chronic pain conditions such as low back pain, pancreatitis, arthritis, and angina. Out of these studies, twenty were categorized as randomized controlled trials (RCTs), although the quality of trial methodologies varied, with several exhibiting methodological shortcomings (Reeve et al., 1996).
In their 2008 report, Khadilkar et al. summarized findings from four high-quality randomized controlled trials (RCTs) involving 585 patients meeting specific criteria. Due to variations in study characteristics, a meta-analysis was not feasible, leading to a qualitative synthesis of results. The evidence on the effectiveness of Transcutaneous Electrical Nerve Stimulation (TENS) in reducing back pain intensity was contradictory. However, consistent evidence from two trials with 410 patients indicated that TENS did not improve back-specific functional status. Moderate evidence suggested no influence of TENS on work status or medical service utilization. Findings on the impact of TENS on generic health status were mixed, with one study showing no enhancements on the modified Sickness Impact Profile and another revealing significant improvement on specific SF-36 questionnaire sections. Regarding physical outcomes, several measures did not show statistically significant improvement compared to placebo. Acupuncture-like TENS demonstrated similar responses to conventional TENS, but inadequate stimulation intensity was noted in two trials. Optimal treatment schedules were not consistently established, and adverse effects were minimal, primarily minor skin irritation at electrode placement sites (Khadilkar et al., 2008).
This research involved 150 patients were randomly divided into three groups: TENS (Group 1), interferential current (Group 2), and a control group (Group 3). The electrotherapy groups underwent ten 30-minute sessions, while the control group received no treatment. Visual analog scale and McGill Pain/Roland Morris questionnaires were used for assessments before and after treatment, and additional medication use was recorded. Results indicated a visual analog scale reduction of 39.18 mm with TENS, 44.86 mm with interferential current, and 8.53 mm in the control group. Roland Morris questionnaire reductions were 6.59 points (Group 1), 7.20 points (Group 2), and 0.70 points (Group 3). Post-treatment, 84% (Group 1), 75% (Group 2), and 34% (Group 3) stopped medication use. No significant difference was found between TENS and interferential current (P > 0.05), but both significantly differed from the control group (P < 0.0001). The study did not identify a significant distinction between TENS and interferential current as treatments for chronic low back pain (Facci et al., 2011).
This research identified a significant research gap in the existing literature on electrical therapy for low back pain. Many studies lacked control groups, comprehensive randomization, and often involved small patient groups, relying primarily on subjective measures without objective methods to quantify therapeutic progress. The absence of a comprehensive and large-scale clinical study was notable. In their study involving 127 initially eligible patients, 123 completed the sessions and were divided into six comparison groups. Notably, the application of electrical stimulation with interferential current, known for its deeper tissue penetration, resulted in significant and more effective pain reduction, improving functional capability in low back pain patients. While conventional TENS and high-voltage electrical stimulation showed some beneficial effects, they were not as potent as interferential current. Conversely, diadynamic currents appeared to be ineffective. The study suggested that selected electrical therapies, including interferential current, TENS, and high voltage, hold promise as effective approaches for managing chronic low back pain (Rajfur et al., 2017).
This research to compare the effectiveness of High Intensity Laser Therapy (HILT) and Transcutaneous Electrical Nerve Stimulation (TENS) in treating low back pain (LBP). Forty participants aged 18 to 60 were randomly assigned to either the TENS group (Group I) or the HILT group (Group II). The study utilized the Visual Analog Scale (VAS) for pain severity, a goniometer for joint range of motion (ROM), the Oswestry Disability Questionnaire (ODQ) for the impact on daily activities, and the Beck Depression Inventory (BDI) for measuring depression. Both groups underwent a physical therapy program consisting of 20 sessions over five weeks. Group I received ultrasound, hot pack, and HILT, while Group II received ultrasound, hot pack, and TENS. Post-treatment, only the VAS score showed a significant difference, favoring Group I. The study suggests that HILT may be more effective than TENS in reducing pain, presenting it as a potential alternative for managing low back pain. (Ozkaraoglu et al., 2020).
In their study, Tella et al. investigated non-specific chronic low back pain (NSCLBP) in thirty-three individuals, randomly assigned to three groups. Anthropometric measurements and participant data, including age and gender, were collected using standard instruments. Tactile acuity, pain intensity, and disability levels were assessed using a digital caliper, numerical pain rating scale, and Roland-Morris Disability Questionnaire, respectively. All groups underwent stretching, strengthening, and stabilization exercises for five weeks. Group 1 received Transcutaneous Electrical Nerve Stimulation (TENS), and group 2 received Interferential Current (IFC) treatments. Descriptive statistics, mean, and standard deviation were used to summarize the data, while inferential statistics, including paired t-tests and analysis of variance, assessed significance levels (p ≤ 0.05). Results indicated a significant increase in tactile acuity post-TENS and a significant reduction in pain intensity across all interventions. Notably, gender differences were not observed in tactile acuity values among participants (Tella et al., 2022).

2.2.3. Effect of Exercise on low back pain
Exercise therapy is commonly recommended for various stages of LBP; however, its application in acute back pain requires careful consideration. Studies investigating the effectiveness of exercise therapy in acute LBP have yielded conflicting results. Some studies have reported positive effects in terms of symptom reduction. For instance, Kellett and colleagues conducted a study evaluating the impact of a weekly exercise program on short-term sick leave (less than 50 days) attributed to back pain over a 1.5-year intervention period compared to a similar period prior to the study. In the exercise group, the number of back pain episodes and sick-leave days decreased by over 50% during the intervention period, while the control group experienced increased absenteeism due to back pain (Kellett et al., 1991).
While these studies demonstrate positive outcomes for exercise therapy in acute LBP, it is essential to acknowledge that the effectiveness of exercise interventions may vary among individuals and should be tailored to specific patient needs. More research is needed to establish the most appropriate exercise approaches for acute back pain.
This research addressed the prevalent issue of chronic low back pain (CLBP), affecting 5% to 15% of individuals. Noting clinical observations of reduced lumbar mobility and altered core muscle recruitment in CLBP, the study aimed to investigate the impact of core muscle strengthening interventions on pain duration. Thirty patients from the National Institute for the Orthopedically Handicapped were divided into two groups based on pain duration: Group A (over twelve months) and Group B (three to twelve months). Both groups underwent a six-week intervention, showing significant improvements in pain levels and functional ability. Although the improvements were not statistically different between the two groups, they were significant within each group. The findings suggest that core muscle strengthening exercises, combined with lumbar flexibility and gluteus maximus strengthening, are effective for all CLBP patients, irrespective of pain duration (Kumar et al., 2015).
This research investigated the effects of transcutaneous electrical nerve stimulation (TENS) and stabilization exercises on individuals with low back pain related to lumbar disc herniation. The research involved 29 participants randomly assigned to either a stabilization exercises group or a TENS group. Over 16 sessions, assessments were conducted before and after the interventions, including pain levels, functional disability, muscle activation, and fatigue. The stabilization group showed improvements in lumbar multifidus fatigue, transversus abdominis (TrA) contraction ability, pain reduction, and functional disability. In contrast, TENS demonstrated effectiveness solely in pain reduction. The findings suggest that while TENS alleviates pain, it does not adequately prevent fatigue or enhance TrA contraction and functional disability in patients with herniated disks. On the other hand, stabilization exercises in isolation proved effective in improving all measured outcomes. (Ramos et al., 2018).






3. Methodology

 3.1. Introduction
In this chapter, major devices and tools are displayed. Data collection and the experimental procedure for therapy in chronic low back pain are described separately. The experimental part is the part focus of the research.

3.2. Research materials 
3.2.1. Short wave diathermy
Shortwave diathermy is a therapeutic modality that uses electromagnetic waves in the radiofrequency range to generate deep heat within body tissues. This heat is utilized for various therapeutic purposes, such as promoting blood circulation, reducing muscle spasms, and alleviating pain in conditions like arthritis or muscle injuries.
How it Works:
Electromagnetic Waves: Shortwave diathermy typically operates in the frequency range of 13.56 to 27.12 megahertz (MHz). These high-frequency electromagnetic waves are applied to the patient's body through an applicator.
Tissue Absorption: When the electromagnetic waves encounter the body tissues, they penetrate the skin and are absorbed by deeper tissues. The absorption is particularly high in tissues with high water content, such as muscles.
Conversion to Heat: As the electromagnetic energy is absorbed by the tissues, it is converted into heat. This increase in tissue temperature has several therapeutic effects, including the dilation of blood vessels, increased blood flow, and relaxation of muscles.
Physiological Responses: The heat generated by shortwave diathermy can stimulate metabolic processes, promote the delivery of oxygen and nutrients to tissues, and enhance the removal of metabolic waste products. These physiological responses contribute to the therapeutic benefits of the treatment.

3.2.2. Transcutaneous electrical nerve stimulation
Transcutaneous Electrical Nerve Stimulation (TENS) is a therapeutic technique that involves the use of low-voltage electrical currents to provide pain relief. It works on the principle of electrical stimulation of nerves through the skin. 
How TENS Works:
Electrode Placement: TENS involves the placement of electrodes on or near the area of pain. These electrodes are connected to a small, battery-operated device.
Electrical Stimulation: The TENS device delivers a controlled, low-voltage electrical current through the electrodes to the skin. The electrical pulses produced are thought to interfere with or block pain signals from reaching the brain.
Pain Gate Control Theory: The underlying theory is based on the "Gate Control Theory of Pain," which suggests that the electrical stimulation of nerves can close a hypothetical "gate" in the spinal cord, blocking pain signals and reducing the perception of pain.
Endorphin Release: TENS may also stimulate the release of endorphins, the body's natural painkillers, providing a further mechanism for pain relief.

3.2.3. Exercise therapy
Exercise therapy, also known as therapeutic exercise or physiotherapy, involves the use of physical activity and movement to improve and maintain the functional abilities of the body. It is a form of rehabilitation that aims to restore or enhance physical strength, flexibility, balance, and overall fitness. Exercise therapy is often prescribed by healthcare professionals, such as physiotherapists or occupational therapists, to address various health conditions, injuries, or disabilities.

3.2.4. Pain evaluation
Pain evaluation is a critical process in healthcare that involves assessing and understanding an individual's experience of pain. It is essential for healthcare providers to accurately evaluate pain to determine its cause, severity, and impact on a person's overall well-being. The evaluation helps guide appropriate treatment and management strategies (Fig 3.1). 

[image: ]
Fig 3.1.: Show rate pain scale. Raja SN, Carr DB, Cohen M, Finnerup NB, Flor H, Gibson S, Keefe F, Mogil JS, Ringkamp M, Sluka KA, Song XJ (2020).


3.2.5. Oswestry Low Back Pain Disability Questionnaire
Functional Deficiency Measurement, The Modified QLD is a tool used to assess a patient's level of disability and functional impairment due to low back pain. It consists of ten sections, each addressing a different aspect of daily life, such as personal care, walking, standing, lifting, and sleeping. There are 10 questions in the form, each of these questions are answered by choosing one of 6 choices scored from 0 to 5 points. The Modified QLD is commonly used in clinical settings to track a patient's progress over time and to assess the effectiveness of various treatments for low back pain. It is a widely recognized and validated tool for measuring disability related to low back pain (Appendix1).


3.2.6. Descriptive state for pre and post system
Table 3.1. the descriptive statistics for all demographic questions such as age, gender, walking status, and BMI from patients with low back pain. Most of the participants are aged between 30 and 39 years (41.3%) followed by more than 39 years (40%), and 20-29 (18.7%) respectively since the average of their ages are 37 years. The percentage of female (62.7%) is higher than the percentage of male’s participants (37.3%). Most of the responders in this survey are working on their foot (40%) followed by on chair (34.7%) respectively while (25.3%) of them do not have work (house wife).
Most of the patients have overweight range of BMI (56%) followed since (34.7%) of them are normal and (9.3%) of them are obese as well as their average of BMI are 26.31.


Table 3.1. Descriptive Statistics for Socio Demographic Questions
from Patients with Low Back Pain

	
	F
	%

	
Age
	20 – 29
	14
	18.7%

	
	30 – 39
	31
	41.3%

	
	40 years and more
	30
	40.0%

	
	(Mean ± SD)
	(37 ± 7.37)

	gender
	Female
	47
	62.7%

	
	Male
	28
	37.3%

	working status
	On foot
	30
	40.0%

	
	House wife
	19
	25.3%

	
	On chair
	26
	34.7%

	

BMI
	Less than 18.5 (Underweight)
	0
	0.0%

	
	18.5 - 24.9 (Normal)
	26
	34.7%

	
	25 - 29.9 (Over weight)
	42
	56.0%

	
	30 and more (Obese)
	7
	9.3%

	
	(Mean ± SD)
	(26.31 ± 3.37)


3.3. Data collection
The current study is an observational study in 75 patents between the ages of (20 – 50) years. The participants are divided into three groups: group A 25 patients who underwent TENS and exercises, group B 25 patients who underwent continuous short wave and exercises, group C 25 patients who underwent just exercise. While short wave, TENS therapy and exercise are applied at Rizgari Teaching and Erbil teaching Hospital. The study was conducted on (28 males and 47 females) during the period January 2022 to February 2023.

3.3.1. Inclusion criteria
The following were the inclusion criteria for the study: Individuals experiencing low back pain (LBP) lasting over 3 months were eligible, being aged between 20–50 years, capable of adhering to the outpatient program, willing to take part in the research, chronic back pain affected by disc herniation, gender-Both male and female, patients who use the same medication for back pain (NSAIDs), 

3.3.2. exclusion criteria
Patients were not allowed to participate in the study if they exhibited any of the following characteristics: patients who had various medical conditions, including neurological deficits, uncontrolled diabetes and hypertension, infectious or inflammatory diseases, a history of cancer, epilepsy, pacemakers, fractures, spondylolysis, spinal stenosis, ankylosing spondylitis, previous low back surgery, or any other condition that would prevent the use of short-wave diathermy or TENS therapy. Patients who were pregnant or had metal implants or other medical devices that could be affected by electromagnetic waves were also excluded. Additionally, patients who were taking medication for psychological issues were excluded from the study (Karasel et al., 2021).

3.4. Ethical consideration 
This present study was approved by the research ethics comity of the college of medicine of hawler medical university (Appendix 1) 

3.5. The procedure 
The study involved three groups of participants, with two of the groups received physical device treatment for 3 times in a week, each around 20 minutes (Kumar et al., 2021, Tella et al., 2022), during a period of 4 weeks and included forms of therapy such as short-wave therapy, transcutaneous electrical nerve stimulation, and exercise at home.
During the initial patient attendance, a brief conversation occurred regarding the study's purpose, and consent was obtained from all participants involved.  After that firstly, recorded the history of the patient. Secondary, ask the patient the pain score (0-10), finally, Baseline assessment questionnaire (QLD) must be asked. (Fig 3.1.), (Fig 3.2.) and (Appendix 2),(Appendix 3).




Patient information     and history.



1/Clinical assessment using pain score.
   2/Baseline assessment: questionnaire (QLD)  
                                                              




Group A
TENS with exercises
Group C
Just exercises
Group B
Short wave with exercises



                Treatment
Doing daily exercise for one month, including both stretching and strengthening, while changing the exercises after two weeks.
Treatment
Used short wave for 3 times per weeks for 1 month and doing daily exercise for one month, including both stretching and strengthening, while changing the exercises after two weeks.
Treatment
Used TENS for 3 times per weeks for 1 month and doing daily exercise for one month, including both stretching and strengthening, while changing the exercises after two weeks.






Follow up (after 1 month)
Questionnaire (QLD) and pain score.

Follow up (after 1 month)
Questionnaire (QLD) and pain score.
Follow up (after 1 month)
Questionnaire (QLD) and pain score.



Fig 3.2.: Study flow, evaluation Modified Oswestry Low Back Pain Disability Questionnaire (QLD).


3.5.1. Short wave diathermy
We initiated treatment by advising the removal of any metallic objects, such as jewelry or watches, and wearing loose-fitting clothing without metal fibers to prevent interference with the therapy. The patient was comfortably positioned to expose the affected area easily. Coplanar electrodes were applied to the affected area, maintaining a distance of 2–4cm between the treatment area and the electrodes. To prevent focal hot spots on body surfaces and absorb moisture, a towel was placed between the SWD applicator and the treatment area. The machine was adjusted to use the appropriate frequency (high-radiofrequency 27.12 MHz and wavelength 11.06 m), delivering electrical currents and electromagnetic waves to the affected area. The therapy lasted for 20 minutes, during which the patient experienced a mild heating sensation. We monitored the patient throughout the treatment to ensure proper administration. The patients received short-wave diathermy treatment three times a week for four weeks, totaling twelve sessions (Fig 3.3).


[image: ]Fig 3.3: Short wave diathermy


3.5.2. Transcutaneous electrical nerve stimulation
We initiated treatment by ensuring the patient was in a comfortable position, allowing easy access to the affected area. We cleaned and dried the area where the TENS electrodes were placed, applying a small amount of conductive gel or water to help them adhere to the skin. The electrodes were positioned on either side of the back at the level of pain in a crossed pattern (Fig 3.4). We powered on the TENS unit and configured the output frequency to 2 Hz. We gradually increased the current intensity until the patient noted discomfort. Subsequently, we lowered the intensity to a point the patient could tolerate, ensuring they felt a tingling or buzzing sensation without pain. Adjustments in intensity were made during the session to maintain it at the same tolerable level. The therapy typically lasted for 20 minutes. After use, we turned off the TENS unit and removed the electrodes from the skin (Fig 3.5).


[image: Usage & Benefits of TENS (Transcutaneous Electrical Nerve Stimulation ):  Progressive Spine & Sports Medicine: Pain Medicine]Fig 3.4.  Electrode in cross pattern


[image: ]Fig 3.5. transcutaneous electrical nerve stimulation 





3.5.3. Exercise therapy
Exercise therapy appears to be effective for decreasing pain and improving function in chronic LBP. The intervention included 6 stretching exercises (i.e., hip flexor stretch, knee to chest, trunk rotation exercise, child pose stretch, hamstring stretch, cat and cow stretch) and also included 8 exercises to strengthen back, abdomen and hips (i.e., cobra pose, alternate leg and arm raise, bridge exercise, bird dog exercise, curl-up exercise, superman exercise, pelvic tilt exercise, Clamshell exercise). The patient began with five-minute warm-up period consisting of basic aerobics steps (i.e., one minute each of walking in place, marching, lateral shuffling, turning and reaching, and box step). After that they were perform exercise. Show (table 3.1 and table 3.2).
 In this study, two of the groups received physical device treatment three times a week, each session lasting around 20 minutes, over a period of 4 weeks. All groups were provided with pamphlets containing all the exercises to be taught during the treatment period, along with pictures. Exercises were assigned, and participants performed them for one month, switching exercises after two weeks. On the first day, we demonstrated the exercise program to the patients, who then continued performing the exercises at home. Patients were instructed to perform the exercises three times a day and were given an exercise diary to record their performance. Patients were assessed twice: once before the treatment and once at the end of the four-week treatment period (Table 3.2 and Table 3.3).







Table 3.2. First and second weeks of exercise
	Name and aim of exercise
	How do you do it.
	Dose

	
Knee to chest: 
It reduces pain, improve the stability of the lower pelvis, and increase the range of motion, Improve Knee Flexion, Reduced lordotic posture.
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Hold that knee to your chest, keeping your lower back pressed to the floor for 15 to 30 seconds. Doing 2 set and Repeat 2 to 4 times with each leg.

	
Child pose stretch:
Helps to stretch your back and muscles around your hips, lengthening your spine, relaxing your back muscles, relieving any tension in your pelvis.
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Stay anywhere from 30 seconds to a few minutes, 10 to 15 repetitions of this exercise for 3 sets.

	
Trunk rotation exercise: 
Trunk rotation is an exercise used to strengthening your core, stability, Increasing flexibility in your back muscles, and greater mobility of the spine, Improving your back’s rotational abilities.

	

[image: Lumbar rotation | the good exercise guide]
	
Hold the stretch for about 15 seconds on each side, 8 to 12 repetitions of this exercise for 3 sets.

	
Pelvic tilt exercise:
Pelvic tilts are useful in helping to alleviate back pain, they reduce stiffness in the lower back, strengthens your lower abdominal muscles and buttock muscles, help to gently stretches your low back. 
	     [image: Pelvic Tilt] 
	
Hold for up to 10 seconds, 20 repetitions of this exercise for 3 sets.


                                 
                                           
	
Hamstring stretch:
Performing these stretches can enhance your flexibility and increase the range of motion in your hips. By doing so, you can improve your posture and prevent lower back pain. 
	  [image: ]
	
Hold the stretch for about 15 seconds on each side, 15 repetitions of this exercise for 3sets. 
Stretches can be executed in different positions, such as standing, sitting, or reclining, based on the individual's pain and comfort preferences.

	
Alternate leg and arm raise:
This exercise is an excellent way to strengthen your core muscles, including your abdomen, lower back, hip flexors, and spine. Additionally, it can aid in improving your balance.
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Hold for about 6 seconds,
Repeat 8 to 12 times on each leg and arm for 3 sets.


	
Bridge exercise: 
 It can alleviate lower back pain and promote the development of strong back muscles, glutes, and hamstrings. It can ease tension and fatigue in the back muscles. Additionally, the exercise helps to stretch the chest, neck, and spine.

	

[image: 2. Glute Bridges | Real Time Pain Relief]
	

Hold for up to 6 seconds and rest for up to 10 seconds, 10 repetitions of this exercise for 3 sets.




                                         Table3.3. Third and fourth weeks of exercise
	Name and aim of exercise
	How do you do it.
	dose

	
Cobra pose:
Elevates the shoulder blades, neck, and collarbones, Enhances spinal posture, flexibility, and alignment.
Decrease back pain, improves circulation.
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Hold this pose for as long as you feel comfortable. Try to hold it for at least 15-30 seconds, repeat 10 to 12 times for 3 sets.

	
Cat and cow stretch:
This movement elongates the back torso and neck, and softly stimulates and strengthens the abdominal organs. Strengthens your spine, it also expands the chest, encouraging the breath to become slow and deep.

	
[image: Cat Stretch (Marjariasana) – Yoga Poses Guide by WorkoutLabs]
	
Hold this pose for as long as you feel comfortable. Try to hold it for at least 15-30 seconds, repeat 10 to 12 times for 3 sets.

	
Bird dog exercise:
This exercise can help to make you more stable, improve your balance and coordination, promote a natural spine position, and alleviate discomfort in your lower back.
	
[image: Fitness Friday: How to Maintain a Healthy Back - Legacy Spine &  Neurological Specialists]
	
Extend one leg and the opposite arm at the same time, hold this position for a pause lasting 3 to 5 seconds, then revert back to the initial stance. Alternate sides and execute 6 to 10 repetitions on each side, completing a total of 3 sets.

	Curl-up exercise:
Enhance abdominal and core strength. This includes the lower and upper abdominal muscles, as well as the erector spine muscles of the lower back. Additionally, curl-ups involve activation of the gluteal muscles.

	
[image: Back Exercises: Partial Curl-Ups | Saint Luke's Health System]
	
Maintain this posture for a duration of 1 to 2 seconds, then gradually lower yourself to the floor, repeating this movement 8 to 12 times for a total of 3 sets.



	
Hip flexor stretch:
Enhanced hip flexibility, increased stride length, diminished sway back, alleviated discomfort in the lower back, hips, groin, and/or knees.
	
[image: Hip Flexor Fstretch | Chiropractic Exercises | Southern Region Chiro]
	

Hold each stretch for 30 seconds on each side, and repeat 10 time for each side for 3 sets.

	
Superman exercise:
Strengthen and improve stabilization of your lumbar and hip extensors, It also strengthens your lower back which can prevent pain.
	
[image: Why Superman Needs to be Stopped! Lori Duncan PT]
	

Hold this position for 3-5 seconds or longer if able without moving any other body part,  3 sets of 10–12 reps.

	
Clamshell exercise:
It helps to reduce pain by strengthening the core and lower back muscles, the clamshell can help strengthen your medial glutes, bringing more power and stability to your hips.
	
[image: ]
	
Hold for 1 second, squeezing your glutes at the top of the move, before slowly lowering your left knee to the starting position. Continue for a total of 20 reps, then repeat on the other side.




3.5.4. Pain evaluation
Pain evaluation was conducted using VAS prior to commencing the treatment and again during the fourth week after the treatment session. For the Visual Analogue Scale (VAS), patients were presented with a horizontal paper spanning 10 cm, marked with numbers from 1 to 10. They were instructed to rate their pain, where '0' represented no pain and '10' indicated the most intense pain they had experienced in their life. Furthermore, patients filled out the 'Pain Disability Index' questionnaire to assess the impact of their pain on their daily activities Show (Fig 3.2.).

3.6. Statistical Analysis
The data was analyzed using SPSS software version (26). The results are shown in descriptive statistics such as, mean and standard deviation for each group. Normality assumptions were assessed and based on their results, Parametric approach was utilized like Paired Sample t-test, One way Anova, and Chi-square test to evaluate the methods per the each follow up. For all test p < 0.05 was considered to be statistically significant.  








                                               4. Results and Discussion

4.1. Introduction
The results of the research project were discussed, and sections were arranged based on the research objectives. The results were presented via graphs and tables, with the identification of the effects through statistical analysis for each case. The results were compared with benchmark research and international protocols during the interpretation of results, as follows!


4.2. Descriptive Statistics

4.2.1. Investigation the difference between three types of interventions and both pre and post pain scores.
Table 4.1. the descriptive statistics for pre pain scores, most of the participants in this survey said that they have moderate pre pain (53.3%) compared to severe pre pain score (46.7%) since none of them have mild or no pain score (0%). On the other hand, the mean of pre pain score (6.533) and it is closer to 6, it means, they have moderate pain in general.


Table 4.1. Descriptive Statistics for pre pain score

	
	F
	     %
	Mean
	SD

	Moderate
	40
	 53.3
	6.533
	1.614

	Severe
	35
	 46.7
	
	





Table 4.2. the descriptive statistics for post pain scores, most of the patients in this survey have mild pain (52%), followed by moderate (40%), severe (4%), and no pain (4%) respectively. Comparing result between pre in table 1 and post in table 2 showed that 4% of patients do not have any pain more at all, 52% of them have reduced their pain to mild, moderate pain is reduced from (53.3%) in pre to (40%) in post, and severe pain is reduced from (46.7%) in pre to (4%) in post. On the other hand, the mean of post pain score (3.373) and it is closer to three, it means, they have mild pain in general.


                           Table 4.2. Descriptive Statistics for post pain score.

F
%
Mean
SD
None
3
4

3.373

1.769
Mild
39
52


Moderate
30
40


Severe
3
4
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Table 4.3. the descriptive statistics between three types of interventions and both pre and post pain scores. The result that (4%) of patients do not have any pain at all in posttest using short wave with exercise, (24%, 14.7%, and 13.3%) of them reduced their pain to mild using (short wave with exercise), (Tens with exercise), and (exercise) respectively. Additionally, patients' moderate pain was reduced from 14.7% to 5.3% by using short wave with exercise, while their severe pain was decreased from 18.7% to 0%.


Table 4.3. Descriptive Statistics between three types of interventions and both pre and post pain scores

	
	Type of device

	
	Short wave
with exercise
	Tens with
exercise
	Exercise

	
	F
	%
	F
	%
	F
	%

	Pre pain score
	None
	   0
	0.0%
	   0
	0.0%
	0
	0.0%

	
	Mild
	   0
	0.0%
	   0
	0.0%
	0
	0.0%

	
	Moderate
	  11
	14.7%
	  14
	18.7%
	15
	20.0%

	
	Severe
	  14
	18.7%
	  11
	14.7%
	10
	13.3%

	Post pain score
	None
	   3
	4%
	   0
	0.0%
	0
	0.0%

	
	Mild
	18
	24%
	  11
	14.7%
	10
	13.3%

	
	Moderate
	   4
	5.3%
	  11
	14.7%
	15
	20.0%

	
	Severe
	   0
	0.0%
	   3
	4.0%
	0
	0.0%





4.2.2. Identify Socio-Demographic characteristic of recovered low back pain of patients.  
Tale 4.4. there is no statistical significant difference between the mean of moderate  and severe pre pain score with each of the (age, weight, and BMI) individually from all device types together because their p-values (0.306, 0.143, and 0.801) is higher than the significant level of α = 0.05.


 Table 4.4. Independent Sample T Test between the mean of moderate and severe pre pain score with each of the (age, weight, and BMI) from all device types together.

	
	N
	Mean
	Std.
Deviation
	    t
	p-value
	Decision

	Age
	Moderate
	40
	36.300
	7.230
	1.031
	0.306
	Not. Sig.

	
	Severe
	35
	38.057
	7.518
	
	
	

	Weight
	Moderate
	40
	74.250
	10.500
	1.481
	0.143
	Not. Sig.

	
	Severe
	35
	70.800
	9.536
	
	
	

	BMI
	Moderate
	40
	26.404
	3.049
	0.253
	0.801
	Not. Sig.

	
	Severe
	35
	26.205
	3.752
	
	
	





One Way ANOVA

The one-way analysis of variance is used to test the claim that three or more population means are equal. This is an extension of the two independent samples t- test.
Is there significant relationship between pain score groups and age?
Table 4.5. there is no statistical significant difference between the mean of (none, mild, moderate and severe) as a post pain score group with each of the (age, weight, and BMI) individually from all device types together because their p-values (0.224, 0.483, and 0.202) is higher than the significant level of α = 0.05.


Table 4.5. Difference between the mean (None, Mild, moderate and severe) post pain score with each of the (age, weight, and BMI) from all intervention types together.

	
	N
	Mean
	Std.
Deviation
	F
	p-value
	Decision

	

Age
	None
	3
	29.000
	4.583
	

1.493
	

0.224
	
Not. Sig.

	
	Mild
	39
	37.282
	7.947
	
	
	

	
	Moderate
	30
	37.967
	6.294
	
	
	

	
	Severe
	3
	34.667
	9.713
	
	
	

	
	Total
	75
	37.120
	7.369
	
	
	

	

weight
	None
	3
	71.333
	10.214
	

0.828
	

0.483
	
Not. Sig.

	
	Mild
	39
	74.385
	10.307
	
	
	

	
	Moderate
	30
	70.533
	10.016
	
	
	

	
	Severe
	3
	72.333
	10.017
	
	
	

	
	Total
	75
	72.640
	10.143
	
	
	

	

BMI
	None
	3
	26.960
	0.592
	

1.579
	

0.202
	
Not. Sig.

	
	Mild
	39
	26.980
	3.559
	
	
	

	
	Moderate
	30
	25.638
	3.223
	
	
	

	
	Severe
	3
	23.707
	1.717
	
	
	

	
	Total
	75
	26.311
	3.373
	
	
	






Chi Square Test

It is used to investigate whether distributions of categorical variables differ from one another. The chi squared test for independence tests whether two categorical variables are independent of one another (Blbas, 2019).
The null hypothesis states that knowing the level of variable A does not help you predict the level of variable B (no relationship exists between two variables). In comparison, the alternative hypothesis is that a relationship does exist between two variables (Blbas, 2019). In a chi-square test of independence the null and alternative hypothesis are expressed:
H0: The two categorical variables are independent 
Ha: The two categorical variables are related
Table 4.6. Demonstrates that there is no statistically significant difference between (moderate and severe) as a pre pain score with three different intervention using Chi-square test because its p-value (0.498) is higher less than the Significant level of α =0.05.


Table 4.6. Association between the (moderate and severe) pre pain score with three   different intervention using Chi-square test.

	
	Pre Pain score
	
Total
	Chi- square
	
p-value

	
	Moderate
	Severe
	
	
	

	

type of device
	Short wave and exercise
	F
	11
	14
	25
	



1.393
	



0.498

	
	
	%
	44.0%
	56.0%
	100.0%
	
	

	
	Tens and exercise
	F
	14
	11
	25
	
	

	
	
	%
	56.0%
	44.0%
	100.0%
	
	

	
	Exercise
	F
	15
	10
	25
	
	

	
	
	%
	60.0%
	40.0%
	100.0%
	
	

	Total
	F
	40
	35
	75
	
	

	
	%
	53.3%
	46.7%
	100.0%
	
	









Table 4.7. Demonstrates that there is a statistically significant difference between (none, mild, moderate and severe) as a post pain score with three different intervention types using          Chi-square test because its p-value (0.002) is less than the Significant level of α =0.05.  For example, the percentage of healthy patient (no pain) from short wave and exercise (12%) is greater than both (TENS and exercise) and (exercise), while the percentage of mild pain short wave with exercise (72%) is higher than tens with exercise (44%), and exercise (40%) respectively. It means, patient is getting biennial form (Short wave with exercise) rather than other to reduce their pains.
In addition, the percentage of moderate and severer pain from short wave with exercise  is lower than both (TENS with exercise) and (exercise)

Table 4.7. Association between the (none, mild, moderate and severe) post pain score  with three different intervention types using Chi-square test.

	
	Post Pain Score
	
Total
	Chi- square
	p- value

	
	None
	Mild
	Moderate
	Severe
	
	
	

	


Type of  intervention
	Short wave with exercise
	F
	3
	18
	4
	0
	25
	



20.123
	



0.002

	
	
	%
	12.0%
	72.0%
	16.0%
	0.0%
	100.0%
	
	

	
	Tens    with    exercise
	F
	0
	11
	11
	3
	25
	
	

	
	
	%
	0.0%
	44.0%
	44.0%
	12.0%
	100.0%
	
	

	
	  Exercise
	F
	0
	10
	15
	0
	25
	
	

	
	
	%
	0.0%
	40.0%
	60.0%
	0.0%
	100.0%
	
	

	Total
	F
	3
	39
	30
	3
	75
	
	

	
	%
	4.0%
	52.0%
	40.0%
	4.0%
	100.0%
	
	






4.2.3. Identify the optimal treatment for low back pain and identify the effective equipment. 
Table 4.8. the difference between the mean of pre and post pain score for three types of interventions. The result shows that the mean difference for short wave with exercise is much higher than both (TENS with exercise) and (exercise) type of interventions in each of the different categories, it means, patients pain is much reduced by short wave and exercise compared to others such as (TENS with exercise) and (exercise alone).

Table 4.8. Mean difference comparison between three types of interventions


	

Categories
	Mean difference

	
	short wave with exercise
	tens with
exercise
	exercise

	pain intensity
	2.32
	0.96
	0.88

	personal care
	1.88
	1.20
	1.00

	Lifting
	2.08
	1.16
	0.80

	Walking
	1.24
	0.68
	0.56

	Siting
	1.44
	0.64
	0.72

	Standing
	1.72
	1.00
	0.72

	Sleeping
	0.88
	0.76
	0.72

	social life
	1.60
	1.28
	1.32

	Traveling
	1.76
	0.92
	0.64

	pain score (total)
	4.60
	2.520
	2.360





4.2.4. Investigation the effect of three types of interventions on physical activity.

Paired Sample T Test
Paired sample T test compares the mean between two related (paired, repeated or matched) variables (Blbas et al., 2020).
Paired sample t-test were used to analyze the relationship between pre and post pain scores with each of the (pain intensity, personal care, lifting, walking, sitting, standing, traveling, and total pain score)
Table 4.9. there is a statistical significant difference between the mean pre and post pain scores with each of the (pain intensity, personal care, lifting, walking, sitting, standing, traveling, and total pain score) individually from short wave with exercise intervention type because their p-values are less than the significant level of α=0.05.
In addition, the average of post pain for each of them is lower than the average for pre pain scores, it means, the pain of patient is decreased in the end of short wave with exercise intervention.
 Pain intensity is much effective rather than other to reduce patients pain using short wave with exercise because it has the highest value of mean difference (2.32) followed by lifting (2.08), personal care (1.88), traveling (1.76), standing (1.72), social life (1.60), sitting (1.44), walking (1.24), and sleeping (0.88) respectively. Also, the total pain score is reduced 5 pints because it’s mean difference.




Table 4.9. Paired Sample T Test between the mean of pre and post pain score with    each of the (physical activity) from short wave with exercise intervention type

	
	Mean
	Std.
Deviation
	t
	p- value
	Decision

	Pain intensity
	Pre
	4.160
	0.987
	12.889
	0.000
	V. H. Sig.

	
	Post
	1.840
	0.746
	
	
	

	Personal care
	Pre
	3.440
	1.227
	9.277
	0.000
	V. H. Sig.

	
	Post
	1.560
	0.821
	
	
	

	Lifting
	Pre
	3.960
	1.645
	9.656
	0.000
	V. H. Sig.

	
	Post
	1.880
	0.971
	
	
	

	Walking
	Pre
	2.640
	1.350
	6.395
	0.000
	V. H. Sig.

	
	Post
	1.400
	0.707
	
	
	

	Siting
	Pre
	3.160
	1.313
	7.176
	0.000
	V. H. Sig.

	
	Post
	1.720
	0.737
	
	
	

	Standing
	Pre
	3.520
	1.122
	10.206
	0.000
	V. H. Sig.

	
	post
	1.800
	0.816
	
	
	

	Sleeping
	Pre
	2.360
	1.440
	4.028
	0.000
	V. H. Sig.

	
	Post
	1.480
	0.653
	
	
	

	Social life
	Pre
	2.960
	1.274
	8.764
	0.000
	V. H. Sig.

	
	Post
	1.360
	0.638
	
	
	

	Traveling
	Pre
	3.360
	1.150
	10.007
	0.000
	V. H. Sig.

	
	Post
	1.600
	0.764
	
	
	

	Pain Score
	Pre
	6.760
	1.665
	18.279
	0.000
	V. H. Sig.

	
	Post
	2.160
	1.462
	
	
	





Table 4.10. there is a statistical significant difference between the mean pre and post pain scores with each of the (pain intensity, personal care, lifting, walking, sitting, standing, traveling, and total pain score) individually from tens with exercise because their p-values are less than the significant level of α=0.05.
In addition, the average of post pain for each of them is lower than the average for pre pain scores, it means, the pain of patient is decreased in the end of tens with exercise. Social life is much effective rather than other to reduce patients pain using tense with exercise because it has the highest value of mean difference (1.28) followed by personal care (1.20), lifting (1.16), standing (1), pain intensity (0.96), traveling (0.92), sleeping (0.76), walking (0.68), and sitting (0.64) respectively. Also, the total pain score is reduced 4.16 pints because it’s mean difference.

Table 4.10. Independent Sample T Test between the mean of pre and post pain score  with each of the (physical activity) from tens with exercise

	
	Mean
	Std.
Deviation
	    t
	p- value
	Decision

	Pain intensity
	Pre
	3.840
	1.068
	4.908
	0.000
	V. H. Sig.

	
	Post
	2.880
	1.013
	
	
	

	Personal care
	Pre
	3.520
	1.295
	10.392
	0.000
	V. H. Sig.

	
	Post
	2.320
	1.030
	
	
	

	Lifting
	Pre
	3.800
	1.323
	6.148
	0.000
	V. H. Sig.

	
	Post
	2.640
	1.440
	
	
	

	Walking
	Pre
	2.600
	1.118
	4.925
	0.000
	V. H. Sig.

	
	Post
	1.920
	0.997
	
	
	

	Siting
	Pre
	2.680
	1.314
	4.226
	0.000
	V. H. Sig.

	
	Post
	2.040
	0.889
	
	
	

	Standing
	Pre
	3.800
	0.866
	7.071
	0.000
	V. H. Sig.

	
	Post
	2.800
	1.000
	
	
	

	Sleeping
	Pre
	2.400
	1.384
	3.919
	0.001
	H. Sig.

	
	Post
	1.640
	0.757
	
	
	

	Social
Life
	  Pre
	3.280
	     1.275
	
   8.085
	
  0.000
	
     V.H. Sig.

	
	Post
	2.000
	1.155
	
	
	

	Traveling
	Pre
	3.160
	1.179
	7.184
	0.000
	V. H. Sig.

	
	Post
	2.240
	1.091
	
	
	

	Pain Score
	Pre
	6.440
	1.685
	10.971
	0.000
	V. H. Sig.

	
	Post
	3.920
	1.730
	
	
	


Table 4.11. there is a statistical significant difference between the mean pre and post pain scores with each of the (pain intensity, personal care, lifting, walking, sitting, standing, traveling, and total pain score) individually from exercise intervention type because  their p-values are less than the significant level of α=0.05.
In addition, the average of post pain for each of them is lower than the average for pre pain scores, it means, the pain of patient is decreased in the end of exercise intervention type.
Social life is much effective rather than other to reduce patients pain doing exercise because it has the highest value of mean difference (1.32) followed by personal care (1), pain intensity (0.88), lifting (0.80), standing (0.72), sleeping (0.72), sitting (0.72), traveling (0.64), and walking (0.56) respectively. Also, the total pain score is reduced 4.20 pints because it’s mean difference.


Table 4.11. Independent Sample T Test between the mean of pre and post pain score  with each of the (physical activity) from exercise intervention type

	
	Mean
	Std.
Deviation
	    t
	p- value
	Decision

	Pain intensity
	Pre
	 3.800
	0.957
	5.634
	0.000
	V. H. Sig.

	
	Post
	 2.920
	0.909
	
	
	

	Personal  care
	Pre
	 3.360
	1.186
	10
	0.000
	V. H. Sig.

	
	Post
	 2.360
	0.952
	
	
	

	Lifting
	Pre
	 3.480
	1.229
	5.237
	0.000
	V. H. Sig.

	
	Post
	 2.680
	1.145
	
	
	

	Walking
	Pre
	 2.480
	1.005
	3.934
	0.000
	V. H. Sig.

	
	Post
	 1.920
	0.909
	
	
	

	Siting
	Pre
	 2.560
	1.261
	4.548
	0.000
	V. H. Sig.

	
	Post
	 1.840
	0.943
	
	
	

	Standing
	Pre
	 3.600
	0.866
	5.308
	0.000
	V. H. Sig.

	
	Post
	 2.880
	0.927
	
	
	

	Sleeping
	Pre
	 2.360
	1.381
	3.845
	0.001
	V. H. Sig.


	
	Post
	 1.640
	0.860
	
	
	

	 Social   life
	Pre
	 3.440
	1.356
	6.678
	0.000
	V. H. Sig.

	
	Post
	 2.120
	1.054
	
	
	

	 Traveling
	Pre
	 2.800
	1.041
	5.018
	0.000
	V. H. Sig.

	
	Post
	 2.160
	0.850
	
	
	

	 Pain Score
	Pre
	 6.400
	1.528
	12.389
	0.000
	V. H. Sig.

	
	Post
	 4.040
	1.485
	
	
	








4.2.5. Instrument of Reliability Test
The research tool was tested for reliability and foundational validity before the results are presented. A reliability test was carried out using Cronbach’s alpha, which measures the internal consistency of a construct. The recommended minimum acceptable limit of reliability “alpha” for this measure is 0.60 (Hair). Cronbach's alpha values were estimated to check the internal consistency of the data after data collection, and Cronbach‘s alpha is a scale tool of reliability (Zhong et al., 2017, Vaske et al., 2017, Taber, 2018). More specifically, alpha is a lower bound for true scan reliability.
For an exploratory or experimental study, it is suggested that the reliability be equal to 0.60 or higher (Straub et al., 2004). Hinton, (2014) suggested four cut-off points for reliability, which include excellent reliability (0.90 and above), high reliability (0.70- 0.90), moderate reliability (0.50-0.70), and low reliability (0.50 and below) (Hinton, 2014). Although reliability is important to study, it is not sufficient unless combined with validity. In other words, for a test to be reliable, it must also be valid (Wilson, 2014). Table  4.2. Illustrates the reliability of each construct. Cronbach's high value for all formulations indicates that it is internally consistent and measures the content of the same construct.
Table 4.12. the values of the Cronbach‘s coefficient estimated for testing the internal consistency of the measurement. The result for Cronbach‘s alpha is (0.911) for pre pain scores, 0.917 for post pain score questions, and 0.946 for both of them respectively.
The table (4.2.) represents that all the constructs have passed the reliability test where all α–values have exceeded the recommended minimum value of Cronbach’s alpha (Blbas et al., 2017)


Table 4.12. Reliability of measurements for all variables

	
Constructs
	
Number of items
	
Cronbach's Alpha

	Pretest questions
	9
	0.911

	Posttest questions
	9
	0.917

	Both (pretest and posttest) questions
	18
	0.946


















4.3. Discussion

In our study, we compared three different interventional therapies: exercise therapy only, exercise combined with continuous SWD, and exercise combined with TENS, in terms of pain and functional outcomes. For pain assessment, we used the Visual Analog Scale (VAS), while for measuring functional impairment, we employed the Modified Oswestry Low Back Pain Disability Form. According to the results obtained from the Modified Oswestry Disability Form, there was a significant decrease in functional impairment in all three groups when comparing the before-treatment and after-treatment results. This indicates that all three interventional therapies led to an improvement in functional outcomes for the participants.
The results of this study showed that the majority of patients with low back pain were between the ages of 30 and 39 years, this age group often faces unique challenges that contribute to the occurrence of low back pain. One significant factor is the engagement in physically demanding activities, including daily activity and occupations that involve repetitive movements or heavy lifting. These activities can strain the muscles of the lower back, leading to discomfort and pain. this finding is consistent with previous studies that have identified young-aged adults as being at increased risk for developing low back pain. The findings of this current study are similar to the research by (Freburger et al., 2009, Makkiyah et al., 2022). Additionally, Females often have a wider pelvis and a greater degree of lumbar lordosis (the natural inward curve of the lower spine) compared to males. the higher percentage of female participants in this study is also consistent with previous studies that have shown a higher prevalence of low back pain among females. (Hoy, Wáng et al., 2016). The finding that most of the participants work on foot and on chair is also in line with previous studies that have identified occupation and work-related factors as significant contributors to low back pain. Occupations that involve prolonged periods of sitting or standing can place excessive stress on the lower back. Jobs that require long hours of sitting, such as office work, can lead to poor posture and muscle imbalances. On the other hand, professions that involve prolonged standing, such as those in retail or healthcare, can contribute to muscle fatigue and strain (Hendrick et al., 2011). Moreover, the prevalence of overweight and obesity in this study's participants is also consistent with studies that have linked higher BMI with an increased risk of developing low back pain. Excess body weight places additional mechanical load on the spine, particularly the lumbar (lower) region. The lumbar spine bears the weight of the upper body, and when this load is increased due to higher BMI, it can lead to increased stress on the spinal structures, including discs and facet joints. The findings of this current study are in parallel with other similar studies such as (Shiri et al., 2010, Frilander et al., 2015). However, it is important to note that some patients in the study were underweight or within the normal range of BMI, suggesting that other factors may contribute to the development of low back pain.  
The descriptive statistics of three types of interventions (short wave with exercise, TENS with exercise, and exercise alone) in reducing pain scores among patients. The results indicate that all three interventions were effective in reducing pain, with varying degrees of success. 
Short wave with exercise intervention had the highest success rate in reducing moderate and severe pain, with 5.3% and 0% of patients reporting these levels of post pain-intervention, respectively. This is consistent with previous research showing the effectiveness of short wave therapy in reducing pain and improving function in patients with chronic low back pain (Karasel et al., 2020). TENS with exercise intervention had a moderate success rate in reducing pain, with 14.7% of patients reporting mild pain post-intervention. This is also consistent with previous research showing the effectiveness of TENS in reducing pain in patients with chronic low back pain (Khadilkar et al., 2005a, Jauregui et al., 2016). Exercise alone intervention had the lowest success rate in reducing pain, with only 13.3% of patients reporting mild pain post-intervention. However, exercise is still an important component in pain management as it has been shown to improve muscle strength, flexibility, and endurance, which can help reduce pain and improve function in patients with chronic low back pain (Akhtar et al., 2017, Geneen et al., 2017).
The results of the paired sample t-tests conducted to compare the mean pre and post-pain scores for physical activities and total pain score, in patients who received short wave with exercise intervention type. The results indicate a statistically significant difference between the mean pre and post-pain scores for all the measures. This suggests that short wave with exercise intervention type is effective in reducing pain and improve physical activities in patients with chronic low back pain. The largest mean difference was observed for pain intensity, followed by lifting, personal care, traveling, standing, social life, sitting, walking, and sleeping, respectively. These findings suggest that short wave with exercise intervention type is more effective in reducing pain intensity and activities that require more physical effort, such as lifting and personal care. These results are consistent with previous studies that have shown the effectiveness of short wave therapy with exercise in reducing pain in patients with chronic low back pain (Ahmed et al., 2009, Karasel et al., 2021). 
The results indicate that TENS with exercise significantly improve physical activities and reduce total pain score in patients with chronic low back pain. This finding is consistent with previous research that has demonstrated the efficacy of TENS with exercise in reducing pain in patients with chronic low back pain. The highest mean difference was observed in the social life domain, suggesting that TENS with exercise may have a particularly beneficial effect on patients' ability to participate in social activities. This finding is consistent with the literature that suggests that pain can significantly impact social functioning and quality of life (Khadilkar et al., 2005b, Jalalvandi et al., 2022). Therefore, the ability to improve social functioning can have a substantial impact on patients' overall well-being. 
Also the results indicate that the exercise intervention type was effective in improve physical activities and reduce total pain score. These findings are consistent with previous research that has shown exercise to be an effective intervention for reducing pain in patients with chronic LBP (Searle et al., 2015).
The p-values for all the variables were less than 0.05, indicating that the results were statistically significant. The post-intervention mean pain scores were lower than the pre-intervention mean pain scores for all the variables, indicating that all interventions had a positive effect on reducing pain.
Finally, we can see a comparison of the mean difference between three types of interventions for low back pain. The final shows that short wave with exercise have a significantly higher mean difference in pain intensity compared to both TENS with exercise and exercise alone. This finding is consistent with previous research that has shown that short wave therapy, also known as diathermy, can be an effective treatment for low back pain. Short wave therapy can improve circulation, and promote tissue healing, which can lead to a reduction in pain (Khan et al., 2013, Masiero et al., 2020).The Chi-square test results indicate that there is no statistically significant difference in pre-pain scores, p-value (0.498), which is higher than the specified significance level (α = 0.05). On the other hand, focuses on the association between post-pain scores (categorized as none, mild, moderate, and severe) and the three different intervention types. Also the Chi-square test results show a statistically significant difference between post-pain scores and the type of device used. The p-value (0.002) is below the specified significance level (α = 0.05).
Overall, the findings suggest that patients using Short wave with exercise intervention experience better pain relief post-treatment compared to those using Tens with exercise or Exercise intervention. This may indicate that the combination of short wave therapy with exercise is more effective in reducing pain compared to other treatments. The findings of this study are corresponding other similar studies such as (Khan et al., 2013, Masiero et al., 2020, Karasel et al., 2021). The study results provide valuable insights into the association between different intervention types and pain relief outcomes. It is important to acknowledge that the findings are based on a specific sample size and that other factors may also influence pain relief, such as the duration of device use, the severity of the condition, and individual patient characteristics. Further research with larger sample sizes and additional control variables could strengthen the findings and provide more comprehensive insights into the effectiveness of these devices in managing pain.
















5. Conclusion and recommendation

5.1. Conclusion
The current study concluded that:
1. According to the results, short wave diathermy with exercise, Transcutaneous electrical nerve stimulation with exercise and exercise alone had a positive effect on reducing pain and increasing physical activities.
2. Short wave diathermy with exercise intervention had the highest effectiveness on reducing pain and increasing physical activities in patients with chronic low back pain. 


5.2. Recommendations for future works
1. Effectiveness in Specific Populations: Explore the effectiveness of these interventions in specific subgroups, such as older adults, athletes, and individuals with comorbidities. Tailoring treatments to the unique needs of these populations may lead to better outcomes.
2. Psychosocial Factors: Investigate the influence of psychosocial factors, such as anxiety, depression, and fear avoidance beliefs, on treatment outcomes. Addressing these factors may enhance the effectiveness of interventions.
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