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IoT-Enabled Smart Implants Surgery: Revolutionising 
Precision, Monitoring and Patient Safety
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Thanigaivel Sundaram,3 Shivani Chopra,4 Hitesh Chopra5

Dear Editor,

The integration of Internet of Things (IoT) tech-
nology into implant surgery has altered health-
care by transforming implants from passive 
devices to intelligent, networked systems that 
enhance surgical outcomes, allow for real-time 
monitoring and increase post-operative care.1 
IoT-enabled implants have sophisticated sensors 
that monitor key indicators such as heart rate, 
blood pressure and glucose levels and send re-
al-time data to cloud-based platforms via secure 
wireless networks.2 This enables healthcare per-
sonnel to remotely monitor patient states and 
anticipate issues, allowing for prompt interven-
tions.3 Smart cardiac pacemakers and defibril-
lators detect arrhythmias or malfunctions and 
immediately warn doctors, significantly reduc-
ing life-threatening risks.4 Similarly, IoT-enabled 
orthopaedic implants, such as connected hip 
and knee replacements, track mechanical strain, 
joint movement and degeneration, providing im-
portant information about implant longevity and 
efficacy. These insights enable surgeons to spot 
early signs of failure, allowing for timely medical 
intervention and improving long-term patient 

outcomes.5 Furthermore, advances in IoT have 
permitted robotic-assisted operations, increas-
ing implant placement precision through AI-in-
tegrated devices that provide real-time feedback 
during treatments.6 This is especially useful in 
delicate treatments like orthopaedic or dental 
surgery, where precise alignment and placement 
are required.

Another ground-breaking innovation is drug-de-
livery implants that provide medication in reg-
ulated doses customised to individual patient 
needs. IoT-enabled insulin pumps continually 
monitor glucose levels and dispense appropriate 
insulin dosages, improving treatment adherence 
and lowering complications for patients with 
chronic diseases like diabetes.7 These modern 
technologies not only improve therapeutic effica-
cy, but they also reduce the possibility of human 
error in pharmaceutical delivery.8 Furthermore, 
IoT devices linked with implants allow for self-di-
agnosis by detecting flaws such as battery deple-
tion or structural damage and sending notifica-
tions to patients and clinicians.8 This proactive 
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technique ensures early maintenance, improves 
implant durability and increases patient safety.7

Despite the significant advancements that IoT 
has enabled in implant operations, data securi-
ty, privacy and ethical adherence remain critical 
challenges. The constant collecting and trans-
mission of sensitive health data puts patients at 
risk of cyberattacks and unauthorised access.9 
Implementing strong encryption, cybersecurity 
safeguards and complete data protection is crit-
ical for safeguarding patient information.9 Fur-
thermore, healthcare systems must adhere to 
high regulatory standards to ensure the safety 
and efficacy of IoT-enabled implants, while also 
encouraging transparency about data usage and 
patient consent. Ethical considerations, such as 
informed patient permission and faith in technol-
ogy, are critical to the adoption and effectiveness 
of IoT-based solutions. 

Brain computer interface technology plays a cru-
cial role in enhancing the diagnosis, treatment 
and rehabilitation of neurological conditions, 
thereby improving patients’ quality of life and 
advancing neurotechnology.10 Furthermore, the 
recent integration of the IoT in healthcare, partic-
ularly for implants, has transformed patient care 
by enabling real-time data collection and sophis-
ticated analytics. IoT-enabled implants facilitate 
proactive and individualised post-surgical man-
agement through continuous health monitoring, 
providing healthcare providers with valuable 
insights into recovery and allowing for timely in-
tervention, thus minimising complications.11 The 
subsequent sections examine the advantages of 
IoT implant-based surgeries, including improved 
patient monitoring, tailored rehabilitation and 
predictive analytics, while also addressing po-
tential risks, such as security concerns, biocom-
patibility issues and ethical and legal consider-
ations.

Benefits and risks of IoT implant-
based surgery
IoT-enabled implants in surgery offer transfor-
mative benefits for patient care and medical ad-
vancement by enabling the continuous monitor-
ing of patient health metrics, which allows for 
precise and timely interventions.12 For example, 
IoT sensors integrated into rehabilitation pro-
grams can track patient movement and progress, 
streamline clinical decision-making and reduce 
the workload of human caregivers.12 In epilepsy 

management, IoT-based seizure monitoring sys-
tems enhance patient’s quality of life by allowing 
remote monitoring and timely detection of sei-
zures, providing added safety and convenience.13

However, integrating the IoT into medical im-
plants introduces significant security and pri-
vacy risks. Large-scale IoT networks create vul-
nerabilities, as a lack of standardised security 
protocols opens the door to cyber-attacks.14 This 
concern is particularly critical in healthcare, 
where the sensitivity of patient data is of para-
mount importance. Malicious actors can exploit 
IoT devices, potentially forming botnets to launch 
large-scale attacks, such as Distributed Deni-
al-of-Service (DDoS), which threaten the integri-
ty and availability of medical systems.15

Researchers have investigated advanced security 
solutions to mitigate these risks. Post-Quantum 
Cryptography (PQC) is one such solution under 
exploration that offers future-ready protection 
for IoT-based health devices against quantum 
computing threats.16 Additionally, emerging en-
ergy-based attack detection methods provide 
a promising approach for identifying security 
breaches in IoT devices by detecting abnormal 
power consumption patterns.14 Blockchain-based 
Intrusion Detection Systems (IDS) are also gain-
ing attention because of their potential to create 
a decentralised, secure platform that facilitates 
global collaboration to tackle IoT security issues 
in healthcare.17 As IoT technology continues to 
advance, a balanced approach that combines the 
benefits of improved patient care with robust se-
curity measures is essential for successful imple-
mentation of IoT-enabled implants in surgery.

Improving surgical outcomes 
through IoT vs ethical and regulatory 
dimensions
The integration of IoT technologies in healthcare, 
particularly in surgical settings, offers signif-
icant potential for improving outcomes, while 
simultaneously raising important ethical and 
regulatory considerations. IoT devices and sen-
sors can transform surgical procedures through 
real-time monitoring, data collection and analy-
sis. These technologies enable continuous track-
ing of patient vital signs, equipment status and 
environmental conditions in operating rooms.18 
The ability to gather and analyse vast amounts of 
data can lead to more informed decision making, 
enhanced patient safety and optimised resource 
allocation.19 Furthermore, IoT integration can 
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facilitate remote patient monitoring and reduce 
hospitalisation rates, potentially decreasing hos-
pital stay and improving overall patient care.18

However, the implementation of the IoT in surgi-
cal settings presents significant ethical and reg-
ulatory challenges. Data privacy and security are 
paramount concerns because the sensitive na-
ture of medical information necessitates robust 
protection measures.18, 20 The utilisation of AI and 
machine-learning algorithms in conjunction with 
IoT devices raises questions regarding algorith-
mic bias, transparency and accountability in de-
cision-making processes. Furthermore, the rapid 
advancement of these technologies frequently 
outpaces the existing regulatory frameworks, 
necessitating the development of new legislation 
and guidelines to ensure ethical use and patient 
protection.

In conclusion, although IoT technologies offer 
significant potential for improving surgical out-
comes through enhanced monitoring, data anal-
ysis and decision support, their implementation 
must be carefully balanced with ethical consid-
erations and regulatory compliance. Implant 
operations have improved precision, real-time 
diagnostics, remote monitoring and early prob-
lem detection through the IoT. Intelligent im-
plants improve outcomes, recovery and long-
term health management. AI-assisted robotic 
surgeries, real-time analytics and drug-delivery 
devices improve surgical and postoperative care. 
Innovation and strict data privacy, cybersecurity 
and ethical compliance are needed to realise IoT’s 
healthcare potential. Addressing these issues will 
provide safer, smarter and more reliable IoT-en-
abled implants, improving patient safety, clinical 
outcomes and healthcare overall.
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