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Abstract: Magnetic therapy utilizing Pulsed Electro Magnetic Field (PEMF) and Transcutaneous 

Electrical Nerve Stimulation (TENS) has emerged as a promising non-invasive neuromodulating therapy 

for the treatment of various chronic pain syndromes. This paper highlights the effectiveness of PEMF and 

TENS in providing pain relief, as reported by numerous patients. Researchers have been investigating the 

impact of electric and magnetic fields on biological tissues to better understand the mechanisms 

underlying these therapies [1][2]. The efficacy of TENS is influenced by several factors, including the 

specific condition being treated, the placement of electrodes on the skin, and the settings of the TENS 

unit such as pulse frequency, duration, and intensity [3][4]. However, despite the widespread use of 

TENS, there remains a need for further evaluation of its effectiveness, particularly in assessing 

parameters such as stiffness and lack of mobilization [5][6]. Future studies should aim to 

comprehensively explore these factors to enhance our understanding of TENS efficacy and optimize its 

therapeutic outcomes for chronic pain management [7]. Superficial Heating Modalities (SHM) represent 

valuable therapeutic tools in the management of musculoskeletal conditions and pain syndromes [8][9]. 

Whether applied superficially or deeply, heat therapy can effectively alleviate pain, improve flexibility, 

and enhance tissue healing [10][11]. By understanding the mechanisms of action and clinical applications 

of different heating modalities, healthcare professionals can optimize their use to promote patient 

comfort and recovery [12][13]. The 50 Hz vibration in physiotherapy kits enhances muscle function, 

circulation, and healing [14][15]. The device generates 50 cycles per second, stimulating muscle spindles, 

leading to a tonic vibration reflex (TVR) that improves muscle tone and strength by repeated 

contractions [16][17]. It increases neural activity, improving neuromuscular pathways, muscle 

coordination, and control, beneficial for rehabilitation and training [18]. Enhanced blood flow and 

lymphatic circulation from vibrations aid in faster recovery and reduced soreness by dilating blood 

vessels [19]. It also modulates pain by stimulating large-diameter afferent nerve fibers, inhibiting pain 

signal transmission through the spinal cord, reducing pain sensation in treated areas [20]. 

Keywords: Pulsed Electro Magnetic Field (PEMF), Transcutaneous Electrical Nerve Stimulation (TENS), 

Superficial Heating Modalities (SHM), Ultra Sound Therapy (UST). 
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Introduction: Magnetic therapy using Pulsed Electro Magnetic Field (PEMF) has been 

approved by the Food and Drug Administration (FDA) for specific conditions, 

including treatment of fractures that do not heal with standard medical treatment and 

post-operative pain and edema in superficial soft tissues [21]. For severe migraines, 

depression, and obsessive-compulsive disorder, the US FDA has approved a specific 

type of magnetic therapy known as transcranial magnetic stimulation, which uses 

magnetic fields to stimulate brain cells [22]. It has also been observed that 

electromagnetic therapy is used along with other physical therapies such as Superficial 

Heating Modalities (SHM), Ultra Sound Therapy (UST), or Transcutaneous Electric 

Nerve Stimulation (TENS) [23][24]. The use of FDA-approved PEMF and TENS therapy 

for the above-mentioned conditions is equally considered with conventional medicine 

[25]. Magnetotherapy in its modern form emerged shortly after World War II, 

introducing magnetic and electromagnetic fields generated by diverse waveforms of 

supplying currents. Originating in Japan, this therapeutic approach swiftly spread to 

Europe, initially in Romania and the former Soviet Union [25]. Between 1960 and 1985, 

virtually all European nations developed and produced their magnetotherapeutic 

systems. The integration of PEMF, TENS, hot packs, and therapeutic ultrasound for 

pain management is the objective of the research. Blood contains a high percentage of 

iron due to the presence of hemoglobin; its magnetic properties are also subject to 

oxygenation levels. For example, venous blood has a stronger paramagnetic property 

than arterial blood [26]. The adjacent Figure 1 shows the schematic diagram of the 

proposed model. 
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Role of IoT: Here's how IoT could enhance the effectiveness and convenience of PEMF 

and TENS therapy: 

1. Remote Monitoring and Adjustment: IoT-enabled devices could track 

treatment sessions, monitor patient adherence, and collect data on pain levels 

and treatment outcomes [28]. Healthcare providers could remotely access this 

data to adjust treatment parameters or provide personalized recommendations, 

enhancing the efficacy of therapy [29]. 

2. Personalized Treatment Plans: By analyzing data collected from IoT-enabled 

devices, healthcare providers could develop personalized treatment plans 

tailored to each patient's needs. Machine learning algorithms could analyze 

patterns in patient data to optimize treatment parameters and predict future 

pain flare-ups, allowing for proactive intervention [30]. 

3. Real-time Feedback and Alerts: IoT devices could provide real-time feedback 

to patients, such as reminders to adhere to their treatment schedule or alerts if 

treatment parameters need adjustment. This real-time feedback can improve 
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patient engagement and compliance with therapy, leading to better pain 

management outcomes. 

4. Integration with Wearable Technology: IoT-controlled PEMF and TENS 

devices could integrate with wearable technology, such as smartwatches or 

fitness trackers, to provide seamless monitoring of patient health metrics and 

activity levels. This comprehensive data can provide valuable insights into the 

factors influencing pain levels and treatment effectiveness. 

5. Telemedicine Integration: IoT-enabled pain management devices could 

integrate with telemedicine platforms, allowing patients to consult with 

healthcare providers remotely and receive personalized guidance and support. 

Telemedicine appointments can also facilitate ongoing monitoring of treatment 

progress and adjustments as needed. 

 

Proposed model:As shown in Figure 2, the proposed model can deliver Superficial 

Heating Modalities (SHM), Ultra Sound Therapy (UST), or Transcutaneous Electric 

Nerve Stimulation (TENS) alternately or simultaneously. Healthcare professionals could 

control the mode of operation from the remote end. 

 
Components: The proposed model consists of three main components: a heating 

element for SHM, a PEMF generator, and electrodes for TENS. These components are 

integrated into a single device controlled by a microcontroller unit (MCU). The MCU is 
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connected to a remote control interface, allowing healthcare professionals to adjust 

therapy parameters such as intensity, duration, and mode of operation. 

Modes of Operation: The system operates in three main modes: 

1. Superficial Heating Modality (SHM) Mode: In this mode, the heating 

element is activated to provide localized heat therapy to the target area. The 

temperature and duration of heating can be adjusted remotely to achieve the 

desired therapeutic effect. The temperature range for SHM is 70 to 75°C [11]. The 

following circuit in Figure 3 generates heat very simply and without using any 

DC supply. This makes the unit very simple and lightweight. Maximum heat is 

generated at position 1 of the rotary switch. Heat generation can be reduced by 

changing the position of the switch to 3 and 4 respectively [12]. 

 

2. Vibration Therapy: The vibration device generates mechanical oscillations at a 

frequency of 50 Hz. This means it produces 50 cycles of vibration per second. 

These oscillations are transferred to the body tissues when the device is applied 

to specific areas. The rapid oscillations stimulate muscle spindles, which are 

sensory receptors within the muscle that detect changes in muscle length and 
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speed. This stimulation leads to a reflexive muscle contraction known as the 

tonic vibration reflex (TVR). The TVR helps in enhancing muscle tone and 

strength by repeatedly contracting and relaxing the muscles [15]. 

 

In Figure 4, the primary side of the transformer, a ferromagnetic plate has been 

mounted to create the desired vibration. A small magnet is mounted on the top of the 

plate to provide the necessary damping. The vibration frequency is the same as that of 

the frequency of the input to the primary which is 50 Hz in India. For the vibration 

module there is no need for the secondary part of the transformer. The secondary part 

is to provide the necessary supply for TENS. 3. Transcutaneous Electrical Nerve 

Stimulation (TENS) Mode: In this mode, the electrodes deliver electrical stimulation to 

the nerves, modulating pain signals and promoting muscle relaxation. The frequency, 

intensity, and pulse duration of the electrical stimulation can be adjusted remotely for 

optimal pain relief. Low-Frequency TENS uses 1-10 Hz, often used for chronic pain relief 

and muscle stimulation, while High-Frequency TENS uses 50-150 Hz, commonly used 

for acute pain relief [2]. Current levels range from 0-10 mA for gentle stimulation and 

initial treatments, 10-50 mA for moderate-intensity TENS, and 50-100 mA for high-

intensity TENS used under professional supervision [5]. In the proposed model for 

simplification 50 Hz supply has been used with the option of changing voltages to 

change the current up to the desired level [7]. 

 
Combined Mode: Additionally, the system supports a Combined Mode, where two or 

all three modalities can be delivered simultaneously or in sequence. This flexibility 

allows healthcare professionals to tailor therapy sessions to each patient's specific needs 

and condition [19]. 
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Clinical Applications: The proposed integrated therapy system has numerous 

potential clinical applications across various medical specialties, including 

rehabilitation medicine, orthopedics, sports medicine, and pain management. By 

providing remote control functionality, healthcare professionals can monitor and adjust 

therapy parameters in real-time, optimizing treatment outcomes and improving 

patient satisfaction [27]. 

 

Result: The system has been tested for three modes separately and/ or in combined 

mode by controlling the switch position from the remote end through the 

Internet(IoT). First, the switch positions were controlled as shown in Table 1.This table 

describes the operational modes of a device controlled by five switches (SW1 to SW5). 

Each mode corresponds to a specific combination of switch states, determining the 

behaviour of the device's heater and TENS (Transcutaneous Electrical Nerve 

Stimulation) functionalities. Here's a detailed explanation of each mode: 

 SW1 SW2 SW3 SW4 SW5 Mode 

1 ON 2 OFF X OFF Heater Highest 

2 ON 3 OFF X OFF Heater Moderate 

3 ON 4 OFF X OFF Heater Minimum 

4 OFF X ON X OFF Vibrator ON, TENS OFF 

5 OFF X ON 2 ON Vibrator ON (Unused), TENS ON with Lowest 

Current 

6 OFF X ON 3, 4, 

5 

ON Vibrator ON (Unused), TENS ON with 

Moderate Current 

7 OFF X ON 6 ON Vibrator ON (Unused), TENS ON with Highest 

Current 

Table 1: Switch positions to control different modes. 

Heater performance: The heater performance is recorded in the following table. The 

temperature at the face of the heater when exposed to normal air is shown in Table 2, 

which is also shown in the attached graph of Figure 5. 
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Sl. No. Time Temperature 

1 0 31 

2 60 38 

3 120 45 

4 180 53 

5 240 56 

6 300 59 

7 360 60 

8 420 62 

9 480 63 

10 540 63 

11 600 64 

Table 2: Temperature measured for a period of 600s 
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Vibrator Performance: 

The vibration was tested for 10 minutes under moderate pressure, producing very little 

heat or noise. 

TENS Performance: 

The TENS unit has been tested by mimicking the human body as per the electrical 

equivalent circuit as achieved by Chizmadzhev YA et al [31]. The current rating has been 

tested on the Chizmadzhev model as follows in Figure 6. The recorded current has been 

tabulated in Table 3. 

 
 

Sl. 

No. 

Voltage Current (mA) 

recorded after 

1 mS 

Remarks 

1 30 3 Underrated current 

2 35 6 Underrated current 

3 40 10 Desired current in normal 

tissue 

4 50 18 May be used for actual use 

5 60 26 May be used for actual use 

Table 3: V-I relationship of TENS unit 

 

Features: 

The Main Features of the device can be listed as_ 

• Light Weight: Excluding Electrodes, it weighs 420 gms. 

• Selective Use: Selective use reduce Power consumption, 

• Integration: Integration of three different technologies of Pain 

management, in a single device would make the device highly useful. 
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• Low Cost: Use of a very small number of components keeps the cost of 

the device minimum. 

 

Conclusion: The integration of IoT-controlled Vibrators, Superficial Heating 

Modalities (SHM), and Transcutaneous Electrical Nerve Stimulation (TENS) represents 

a significant advancement in the field of pain management. This multifaceted approach 

combines the benefits of various therapeutic modalities to provide a comprehensive 

and individualized treatment plan for patients suffering from chronic pain and 

musculoskeletal conditions. 

The proposed model, with its remote monitoring and adjustment capabilities, 

personalized treatment plans, real-time feedback, and integration with wearable 

technology, offers a promising solution for enhancing the efficacy and convenience of 

pain management therapies. By leveraging the power of IoT, healthcare providers can 

offer more precise and adaptive treatments, ensuring optimal therapeutic outcomes 

and improved patient satisfaction. 

The combination of Vibrator, SHM, and TENS allows for targeted pain relief and 

enhanced tissue healing, addressing both superficial and deep-seated pain sources. The 

flexibility to deliver these therapies alternately or simultaneously provides a tailored 

approach that can be adjusted to meet the unique needs of each patient. 

Future research should focus on further refining this integrated system, exploring its 

applications across different medical specialties, and conducting clinical trials to 

validate its effectiveness. Additionally, the ongoing development of machine learning 

algorithms to analyze patient data and optimize treatment parameters will be crucial in 

advancing this technology. 

In conclusion, the IoT-controlled integrated therapy system holds great potential to 

revolutionize pain management by providing a holistic, adaptive, and patient-centric 

approach. This innovation not only enhances the quality of care but also empowers 

patients to actively participate in their treatment, ultimately leading to better health 

outcomes and improved quality of life. 
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