
Journal of Neonatal Surgery 

ISSN(Online): 2226-0439 
Vol. 14, Issue 1s (2025) 
https://www.jneonatalsurg.com 

 

 

   
 

pg. 413 
 

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 1s 

 

Biomechanical impacts of wearable and implantable technologies in post-surgical rehabilitation 

 

Ashish Agrawal1, Kunal Chandrakar2 

1Assistant Professor, Department of Pharmacy, Kalinga University, Raipur, India. 
2Research Scholar, Department of Pharmacy, Kalinga University, Raipur, India. 
 

00Cite this paper as: Ashish Agrawal, Kunal Chandrakar, (2025) Biomechanical impacts of wearable and implantable 

technologies in post-surgical rehabilitation. Journal of Neonatal Surgery, 14 (1s), 413-417. 

ABSTRACT 

A revolutionary development in healthcare is the incorporation of wearable and implantable technologies into biomechanics 

and surgical practice. A growing number of implantable devices, including smart implants and orthopedic prosthetics, are 

built with sensors that allow for real-time physiological response monitoring, facilitating individualized care and recovery. 

Wearable technology, such as motion sensors, smart braces, and exoskeletons, also makes it possible to continuously track 

biomechanical functions, allowing for accurate movement analysis and the best possible recovery after surgery. These 

technologies work in concert to improve surgical accuracy, post-operative care, and biomechanical performance 

understanding, all of which lead to better long-term health outcomes and more effective rehabilitation. These systems have 

enormous potential to transform individualized healthcare and rehabilitation, notwithstanding obstacles concerning 

integration, data privacy, cost, and regulation. To bridge the gap between surgical procedures and biomechanical function 

and ultimately improve patient care and recovery, this abstract emphasizes the crucial intersection of wearable and 

implantable technology. 
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1. INTRODUCTION 

Medical technology is changing as a result of the combination of wearable and implantable technologies, especially in the 

areas of biomechanics and surgical technology. By enabling ongoing monitoring, individualized care, and improved 

rehabilitation techniques, these advancements are not only improving the accuracy and effectiveness of surgical procedures 

but also improving patient outcomes. Orthopedic implants, neurostimulation devices, and smart prosthetics are examples of 

implantable technologies that have become essential to surgical procedures because they directly and quantifiably support 

the body's biomechanical systems. Concurrently, wearable technology from motion sensors and fitness trackers to 

exoskeletons and smart braces provides real-time feedback on patients' biomechanical performance, aiding in the monitoring 

of recuperation, averting complications, and guaranteeing functional restoration. The incorporation of these devices into 

clinical practice facilitates more accurate, data-driven decision-making by fostering a deeper understanding of human 

movement, rehabilitation requirements, and surgical success. Patients, physical therapists, and surgeons can use the ongoing 

data these technologies provide to monitor progress, modify treatment regimens, and enhance overall quality of life. The 

development of these technologies holds promise for a more patient-centered and holistic approach to healthcare, in which 

surgical procedures and post-operative care are closely matched to each patient's unique requirements and biomechanics. 

Even with the significant advantages, there are still issues like accessibility, privacy concerns, regulatory barriers, and data 

interoperability.  

2. BACKGROUND WORK 

A major factor in the development of surgical technology and biomechanics, the quick development of wearable and 

implantable technologies is revolutionizing the way medical procedures are carried out and patient recuperation is handled. 

Implantable technologies have been used for decades in a variety of medical fields, beginning with simple devices such as 

dental implants, joint replacements, and pacemakers. These devices are surgically implanted into the body to improve or 

repair damaged organs or tissues. In recent years, wearable technology has become increasingly popular, especially in the 

fields of sports medicine, physical therapy, and rehabilitation. Patients can wear these gadgets in their daily lives to track 

their movement, physical performance, and other vital signs. They range from smartwatches and fitness trackers to more 

sophisticated exoskeletons and motion sensors. To identify movement abnormalities, monitor post-operative recovery, or 

improve rehabilitation exercises, these devices offer actionable data. A more thorough and accurate approach to patient care 



Ashish Agrawal, Kunal Chandrakar 
 

pg. 414 

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue 1s 

 

is made possible by the incorporation of wearable and implantable technologies into surgical practice. In the past, surgery 

would concentrate on the immediate procedure and then the rehabilitation phase, which included manual biomechanical and 

functional evaluations. Notwithstanding these difficulties, these technologies have enormous potential to improve surgical 

results, advance rehabilitation, and improve patient care. Implantable and wearable technologies will become more and more 

significant in personalized medicine as research and development progresses, changing how medical professionals handle 

biomechanical health, recovery, and surgical procedures. 

3. ANALYSIS OF RELATED WORK IN WEARABLE TECHNOLOGY AND IMPLANTABLE DEVICES 
 

Focus of study Device Type Application 

Area 

Key Findings 

Cardiac 

Monitoring 

Wearable Sensor Health 

Monitoring  

real-time cardiac monitoring outside of medical and 

disposal procedures 

Surgical 

Assistance 

Wearable Display Surgery Surgical precision is increased by augmented reality 

overlays. 

Material 

Innovation 

Implantable device Device 

integration 

creation of substances that lower immunological responses 

AI Integration  Wearable and 

Implant 

Medicine AI improves the predictive power and adaptability of 

devices. 

4. STUDY POPULATION AND SAMPLING METHODS 

The study population and sampling techniques must be carefully considered to guarantee significant, broadly applicable 

findings in research examining the application of wearable and implantable technologies in surgical technology and 

biomechanics. As a result of the widespread use of these technologies in a variety of medical specialties (such as neurology, 

orthopedic surgery, and rehabilitation), the study population and sampling techniques must be created to account for the 

variety of patients and use cases. An overview of possible study populations and sampling techniques for this type of research 

is provided below. Study population, sampling methods, and sample size considerations such as Random sampling, 

Convenience sampling, stratified sampling, judgmental sampling, cluster sampling, and longitudinal sampling. Research on 

implantable and wearable technologies that link biomechanics and surgical technology depends heavily on the study 

population and sampling techniques employed. A diverse and representative sample should be carefully chosen, whether by 

purposive, stratified, or random methods, to guarantee that the study's findings accurately represent the variety of patients 

who might profit from these technologies. Researchers can produce insightful findings about the effects of these devices on 

surgical outcomes, recovery, and general biomechanical function by using appropriate sampling techniques.  

5. ANALYSIS FOR RESEARCH POPULATION AND SAMPLING METHODS 

Table 1: Analysis for research population and Sampling methods 

Group Type of Surgery Sample 

Size 

Data collection Purpose 

1 Cardiac Surgery 50 Stress, Pressure, Heart 

rate 

Analysis of the biomechanical impacts of cardiac 

procedure 

2 Orthopedic 

Surgery 

50 Distribution, joint 

movement 

Evaluate the device accuracy followed by the 

biomechanical environment 

3 Neurosurgery 50 Neural response, 

precision 

Functionality followed by precision and sensitive 
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Figure 1: Distribution of Surgery Types 

6. TECHNIQUE USED FOR SURGICAL TECHNOLOGY AND BIOMECHANICS 

Table 2: Technique used for surgical Technology and Biomechanics 

Technique Description Applications Materials used 

3D Printing Both types are complex, 

Individual care for 

patients 

Wearable & Implantable 

devices. 

Medical care metals and 

polymers. 

Electron Beam Melting Implemented with 

orthopedic surgery 

High strength and 

durability 

Metals 

Laser Sintering Implantable parts Wearable device Polymers. 
 

Ethics are a critical issue in this study because of the intrusive nature of implanted devices and the personal information 

collected through wearable technology. They require ethics approval from the appropriate institutional review boards (IRBs) 

before beginning any research. As part of this approach, the study plan Tables 1& 2 were reviewed to ensure that the rights 

and well-being of every subject are covered. Knowledgeable consent is a pivotal component of the moral context. Participants 

must understand exactly what the observation is, what types of facts may be gathered, and how the information will probably 

be used. It is also essential to let them know about any potential risks or discomforts associated with using the device. The 

ability to freely choose and comprehend how their consent is being obtained are prerequisite for participation. Security, 

privacy, and data protection measures are implemented in the area to maintain the personal data gathered during the 

examination. This entails sending and storing data via encryption, making sure that only authorized users can view the 

information. Lastly, it is necessary to examine the challenge of realistic conflicts of hobby. To preserve the integrity of the 

examination process, financial resources should be disclosed, and any potential conflicts of interest should be mentioned.  

7. RESULTS & DISCUSSION 

Table 3: Result from Device Trails 

Parameter Trial 1 Trail 2 Trail 3 Trail 4 

Heart Rate 60 58 62 59 

Stress 5.2 5.5 5.1 5.3 

Temp 0.5 0.6 0.4 0.5 

Response time 1.2 1.3 1.1 1.2 

Sensor Accuracy 95 94 96 95 
 

The information obtained from testing the devices provides valuable insight into the accuracy and performance of the 

implanted and wearable devices during surgery. To prove what the devices could accomplish in a real-world surgical setting, 

numerous details were meticulously recorded throughout the tests. Device-specific factors like signal quality and reaction 

time are measured in the data, along with physiological factors like temperature changes, muscle stress, and heart rate 

variability.  Table 2 describes the results of the wearable device trials. In trial 1 heart rate was 60, stress was 5.2, Temperature 

was 0.5, Response time was 1.2, and sensor accuracy was 95%. Trail 2, shows heart rate as 58, stress as 5.5, temp as 0.6, 

34%

33%

33%

Surgery Types

Cardiac Surgery

Neurosurgery

Orthopedic

Surgery
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response time as 1.3, and accuracy as 94%. Trail 3 heart rate is 62, stress is 5.1, temperature is 0.4, response time is 1.1, and 

sensor accuracy is 96%. 

Enhancing patient outcomes and fostering functional recovery has been made possible by the integration of wearable and 

implantable technologies in post-surgical rehabilitation. These technologies allow for more accurate biomechanical function 

monitoring as well as real-time feedback that enables customized rehabilitation programs based on the requirements of each 

patient. Healthcare providers can make data-driven decisions and ensure more effective and efficient rehabilitation by 

monitoring biomechanical metrics during recovery. This talk examines the biomechanical effects of implantable and 

wearable technologies in post-operative rehabilitation, looking at both the advantages and disadvantages of using them. 

Implantable and wearable technology offers a constant, real-time flow of information about a patient's biomechanical 

performance. Joint movement, muscle activity, posture, force distribution, gait analysis, and even the temperature and 

pressure levels of implants can all be included in this data. Through the monitoring of these metrics, medical professionals 

can determine whether the body is recovering from surgery at its best and modify rehabilitation procedures as needed. During 

rehabilitation, wearable technology can significantly affect patient motivation and engagement, especially when it comes to 

devices that give patients real-time feedback. Numerous wearables provide patients with visual or aural cues that let them 

know when they are doing exercises correctly or when they need to modify their movements. Patients are empowered to 

actively participate in their recovery process thanks to this real-time feedback, which also helps to enhance the quality of 

rehabilitation.  

8. CONCLUSION 

By incorporating wearable and implantable technologies into post-surgical rehabilitation, biomechanical care and 

personalized medicine have made significant strides. These technologies offer real-time, continuous data that improves the 

capacity to track a patient's progress toward recovery, optimize rehabilitation programs, and identify possible issues early. 

Healthcare professionals can make data-driven decisions that are customized to meet the needs of each patient thanks to these 

devices' comprehensive insights into biomechanical performance, which include joint stress, movement patterns, and muscle 

activation. The improved personalization of rehabilitation protocols is one area where the biomechanical impact of these 

technologies is most noticeable. Having the flexibility to modify treatment plans in response to immediate feedback 

guarantees a quicker recovery, reduces the chance of complications or re-injury, and encourages functional restoration. 

Wearable technology can also increase motivation and compliance by providing patients with real-time feedback, which will 

ultimately result in better outcomes.  
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