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Abstract

Background: Percussion, which is typically done by hand to evaluate underlying anatomical structures, has been an essential component of phys-
ical examination since the 18th century. The method’s limited reproducibility and subjectivity have drawn criticism in recent decades, despite its 
diagnostic value.

Objective: With an emphasis on how contemporary technologies, such as robotics, artificial intelligence (AI), and sensor systems, are redefining the 
use of percussion in the context of the Technology-Assisted Physical Examinoscope (TAPEX), this paper seeks to explore the evolution of percussion 
in clinical practice.

Methods: To investigate historical turning points, contemporary clinical uses, and new developments in percussion, a narrative review was carried 
out. Percussion technologies and techniques are thoroughly categorized in the analysis, ranging from conventional approaches to AI-powered and 
telemedicine solutions.

Findings: A variety of techniques have been developed to overcome the drawbacks of manual percussion. To improve accuracy, uniformity, and 
remote usability, robotic platforms, waveform analysis algorithms, mechanically assisted devices, and acoustic sensor systems have been developed. 
The increasing incorporation of engineering and computational technologies into physical examination is exemplified by tools like the iApp platform, 
robotic percussion arms, and AI classifiers for hemopneumothorax detection.

Conclusion: Through the incorporation of contemporary technologies, percussion keeps developing by becoming more accurate, consistent, and 
scalable. A key component of TAPEX, percussion, is an illustration of how traditional examination methods can be altered to meet the needs of 
contemporary, data-driven healthcare. This convergence suggests that rather than replacing bedside assessment, intelligent diagnostic tools will be 
used in the future.

Keywords: Percussion, Physical examination, TAPEX, Artificial intelligence, Telemedicine, Acoustic sensors, Signal processing, Diagnostic technol-
ogy

Abbreviations: AI: Artificial Intelligence; IPPA: Inspection, Palpation, Percussion, Auscultation; IoT: Internet of Things; MEMS: Micro-Electro-Me-
chanical Systems; PVC: Polyvinyl Chloride; TAPEX: Technology-Assisted Physical Examinoscope; PCSG: Percussograph; MOT-V: Robotic Percussion 
Device [1]
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Introduction
Since the 18th century, percussion has played a significant role 

in medical therapy. Along with auscultation, palpation, and obser-
vation, percussion was first used by Josef Leopold Auenbrugger in 
1763 as a way to differentiate between filled and empty bodily cav-
ities, making it a fundamental diagnostic technique [1]. However, 
the growing dependence on cutting-edge technologies over the last 
three decades has raised doubts about the value of the physical ex-
amination. The subjectivity and uneven reproducibility of physical 
exam results have drawn criticism, as they may lead to diagnostic 
errors [2]. Additional proposals for tactics like cognitive debiasing 
and decision-support technologies have been sparked by cognitive 
biases, early diagnostic judgments, and variations in clinical inter-
pretations [3].

The physical examination is still a vital component of patient 
evaluation in spite of these difficulties. For the purpose of direct-
ing both immediate treatment and long-term patient care, a com-
prehensive history and physical examination during the first visit 
are crucial [4]. Furthermore, the paradigm has changed toward 
more data-driven diagnostics with the introduction of IoT-enabled 
sensors and sophisticated bedside devices like point-of-care ultra-
sound [5]. It is anticipated that Artificial Intelligence (AI) will be-
come even more significant in the future, supporting automated 
differential diagnosis, enhancing physician-patient collaboration, 
and increasing diagnostic accuracy [5].

The physical examination has historically depended on the 
fundamental methods of auscultation, percussion, palpation, and 
inspection (IPPA). However, subjectivity and examiner variability 
have long been problems for these approaches. These days, we’re 
starting to see a shift toward more unbiased and trustworthy tools 
that expand on those conventional abilities thanks to developments 
in AI, sensor technologies, and telemedicine. For instance, the iApp 
platform [6] offers a more accurate and standardized method of 
supporting diagnosis by capturing distinct physiological signals 
using integrated sensors and machine learning. Similarly, tele-
medical percussion systems standardize mechanical approaches 
to eliminate bias in distant locations, while inventions such as the 
Table gadget use auscultatory percussion for low-cost pneumonia 
detection [7]. With uses ranging from wearable electronic skin to 
implanted gastrointestinal sensors, the incorporation of wireless 
biosensors which allow for real-time pressure, temperature, and 
motion monitoring further enhances the digitalization of palpation 
and inspection. As a fifth pillar, emerging frameworks also include 
“insonation” (ultrasound), which connects conventional techniques 
with cutting-edge imaging for comprehensive evaluations. This pa-
per reviews the evolving landscape of Technology-Assisted Physical 
Examinoscope (TAPEX) solutions, focusing on percussion-to-tech-
nology transduction, to highlight how AI-driven devices, IoT-en-
abled sensors, and interoperable platforms are redefining clinical 
examinations through objectivity, scalability, and telemedicine 
readiness. TAPEX is a 12 parameters-based physical examination  

 
system based in Intonation, Gaitation, Inspection, Palpation, Per-
cussion, Auscultation, Insonation, Neurovasation, Olfoception, Gus-
toception, Specification & Integration [8]. This paper is focused on 
Percussion.

Steps of Physical Examination
In order to obtain particular information about the patient’s 

health, a physical examination usually entails a number of import-
ant steps [9].

Inspection

Examining for abnormalities, asymmetry, changes in the skin, 
edema, or deformities with the unaided eye. This step also includes 
assessing the patient’s posture, gait, and general appearance. Be-
ginning with the initial interaction with a patient, observation and 
inspection are essential components of a physical examination (In-
spection of the Skin, Eyes, Ears, Scalp and Medical History | Physical 
Examinations I [10].

Palpation

Using the fingers or hands to feel for structures such as lumps, 
organ size, tenderness, or temperature variations. Vocal (tactile) 
fremitus is palpation of the chest wall to detect changes in the in-
tensity of vibrations created with certain spoken words in a con-
stant tone and voice indicating underlying lung pathology [11].

Percussion

The technique of tapping particular body parts to create sounds 
that reveal details about underlying structures. Different sound 
tones, such as resonant, dull, or tympanitic, can be used to distin-
guish between normal and abnormal conditions, such as air-filled 
cavities, fluid accumulation, or organ enlargement. According to 
Harris [12], “the feel of the percussion note is as important as its 
sound” (Talley and O’Connor 1992: 111).

Auscultation

Listening to internal body sounds using a stethoscope to assess 
heartbeats, lung sounds, or bowel activity. Cardiac auscultation is 
indispensable and an absolute necessity for the complete examina-
tion of the patient [13].

Sonation

Recent studies suggest that sonation should be added as a fifth 
pillar to the bedside examination. The use of ultrasound imaging 
to detect pathology can increase diagnostic accuracy, guide appro-
priate follow-up testing, and enhance clinical decision-making [14].

Parameters of Percussion Sounds
Descriptions of percussion sounds are derived from standard 

physical examination literature [15] can be found in (Table 1). Per-
cussion may occasionally cause pain as well, which may offer more 
hints about underlying illness.
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Table 1: Summary of common percussion notes in clinical examination, detailing their acoustic characteristics, anatomical loca-
tions, and associated clinical significance. This table serves as a diagnostic reference to aid in the interpretation of physical findings 
during respiratory and abdominal assessments.

Percussion Note Description Pitch & Loudness Typical Location Clinical Significance

Tympanitic Drum-like sound over 
air-filled structures High-pitched, loud Abdomen

Normal over the stom-
ach; may indicate bowel 

obstruction if wide-
spread

Hyperresonant Abnormally loud, echo-
ing sound Low-pitched, very loud Chest (pathological) Suggestive of pneumo-

thorax or emphysema

Resonant (Normal) Clear, hollow sound Medium-pitched, mod-
erate loudness Normal lungs Indicates healthy lung 

tissue

Impaired Resonance Diminished tone com-
pared to normal

Lower pitch, softer than 
normal Affected lung areas

May suggest lung con-
solidation, collapse, or 

pleural effusion

Dull Thud-like sound, similar 
to tapping a solid organ Low-pitched, soft Liver, consolidated lung Seen in consolidation, 

tumors, or collapse

Stony Dull
Extremely flat, muted 
sound with no reso-

nance

Very low-pitched, very 
soft

Lower chest (fluid-filled 
areas)

Indicates massive pleu-
ral effusion

Percussion Techniques
Direct Percussion

Direct percussion involves tapping directly on the surface of the 
body using the examiner’s fingers or the palm of the hand. It’s most 
effective over areas with minimal soft tissue such as the forehead or 
clavicle where vibrations can be more easily heard or felt [1].

Indirect (Oblique) Percussion

In indirect percussion, the examiner places their non-dominant 
middle finger (known as the pleximeter finger) firmly on the pa-
tient’s body. Then, they use the middle finger of the dominant hand 
to tap on it. This method is more commonly used over areas with 
thicker tissue like the chest or abdomen and helps distinguish be-
tween different types of underlying structures [1].

Instrument-Assisted Techniques

Percussion accuracy and consistency can be improved with 
specialized equipment. For instance, the literature has described 
automated processors that produce regulated percussion impulses, 
reflex hammers (often used in neurological tests), and electronic 

stethoscopes that record and analyze percussion sounds [16].

Percussion Devices and Historical Develop-
ment
Historical Foundations of Percussion

Percussion in medicine has its roots in ancient clinical practice. 
Hippocrates (460:377 BC) and Galen (130:210 AD) applied ab-
dominal percussion to differentiate conditions such as ascites and 
tympanites [1]. A significant shift occurred in 1761 with Leopold 
Auenbrugger’s introduction of manual thoracic percussion, a meth-
od that used tapping to generate diagnostic sound and tactile feed-
back. His research made percussion a systematic diagnostic tool, 
as reported in New Method for Detecting Hidden Ailments of the 
Chest by Percussion of the Thorax [17]. The pleximeter, an ivory 
pad that enhanced the clarity and accuracy of percussion findings, 
was created in 1826 by Pierre Adolphe Piorry, who further devel-
oped the method. Joseph Škoda (1805:1881), on the other hand, 
combined auscultation and percussion, solidifying its clinical value 
and opening the door for its broad use [14]. These formative contri-
butions are summarized in (Table 2).
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Table 2: Historical progression and technological evolution of percussion methods and devices in clinical medicine, highlighting 
key inventors, dates, and mechanisms of action.

Method/Device Invented By/Date Mechanism/Description

Abdominal Percussion
Hippocrates (460–377 BC); Galen (130–210 

AD)
Used to distinguish between conditions such 

as ascites and tympanites [1].

Manual Percussion [14]

Involves tapping the surface of the body to 
produce tactile feedback and sound vibra-
tions. Auenbrugger detailed his method in 

his treatise, New Method for Detecting Hidden 
Ailments of the Chest by Percussion of the 

Thorax [14].

Pleximeter (Ivory Pad) [9]

An ivory pad placed between the tapping 
finger and the patient’s body surface to help 
delineate internal organs, inspired by Auen-

brugger’s work [14].

Contributions of Joseph Škoda [17]

Pioneered the use of percussion and auscul-
tation signs in physical examination. Histori-
cal reviews document his contributions [14].

Device for Medical Percussion [40]

A mechanical tapper that clips onto the 
end of a stethoscope; operated by pressing 
a plunger with the index finger to deliver 

percussion impulses [40].

Wavelet-Based Percussion Instrument [15]

Uses a PVC pleximeter and solenoid pressor 
to produce signals, which are then auto-

matically classified using a wavelet-based 
algorithm [15].

Telemedical Percussion [16]

For standardized, remote percussion tests, a 
robotic arm equipped with a revolver-style 
adapter enables the use of multiple end-ef-

fectors [31].

AI-Evolved Percussion System [17]

Trains a classifier for hemopneumothorax 
detection with approximately 92% accuracy 

using chirp-based acoustic signals and an 
artificial evolution algorithm [17].

Acoustic Diagnosis via Actuator Arrays [19]

Uses frequency-response patterns and acous-
tic actuators and microphones to identify 

pulmonary conditions [19].

Note: The historical details in the table below are largely supported by [14], which is cited for multiple entries.

Mechanically Assisted Percussion

One of the earliest steps toward mechanizing percussion came 
from a device developed by Thierman & Inc [18]. Designed to attach 
to the end of a stethoscope, this tool produces percussion impulses 
using a small plunger that’s triggered by the examiner’s index fin-
ger. The main idea behind the design was to make percussion more 
consistent reducing differences between examiners by standard-
izing how much force is applied and where. This helped produce 
more reliable acoustic feedback during clinical exams.

Signal Processing and Algorithmic Classification

Ayodele et al. [19] introduced a wavelet-based percussion sys-
tem that combines a solenoid-driven pressor with a polyvinyl chlo-
ride pleximeter. Automatic interpretation is made possible by the 
classification of the produced acoustic signals using wavelet-based 
algorithms. In settings with limited resources or screening environ-
ments, this approach improves reproducibility and lessens reliance 
on clinician subjectivity.

Robotic and Remote Percussion

Krumpholz et al. [20] created a telemedical percussion platform 
that integrates robotics into clinical percussion. It consists of a ro-
botic arm with a revolver-like adapter and several interchangeable 
end-effectors. In situations involving infectious diseases and tele-
medicine where physical proximity is restricted, this setup makes it 
possible for clinicians to conduct standardized percussion remote-
ly.

Artificial Intelligence and Evolutionary Algorithms

The AI-evolved percussion system by Sommer et al. [21] rep-
resents a further step toward intelligent diagnostics. This method 
uses chirp-based acoustic excitation in combination with an arti-
ficial evolution algorithm to train a classifier capable of detecting 
hemopneumothorax. The approach achieved approximately 92% 
accuracy by analyzing sound spectra, demonstrating the diagnostic 
potential of machine-learning-enhanced percussion.
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Acoustic Actuator Arrays and Frequency Pattern Recognition

Rao et al. [22] proposed a system based on arrays of acoustic 
actuators and microphones for the diagnosis of pulmonary con-
ditions. Rather than mimicking manual percussion directly, this 
method uses controlled acoustic output and frequency-response 
analysis to infer the presence of air or fluid in the lungs. The use 
of actuator arrays opens new possibilities for non-contact, scalable 
respiratory diagnostics.

Synthesis

When taken as a whole, these developments show how percus-
sion techniques are becoming more technologically diverse. Every 
modality, from wavelet-based classifiers to robotic and AI-enabled 
systems, from early manual techniques to mechanically standard-
ized tools, offers unique advantages suited to particular clinical set-
tings. Automation, remote functionality, and intelligent signal pro-
cessing all point to a bright future in which advances in computing 
and engineering will not only maintain the value of percussion but 
also reinterpret its function in clinical diagnostics.

Clinical Application of Percussion
Percussion is widely used to evaluate the thorax and abdomen. 

The technique typically involves using the wrist to drive the strik-
ing motion tapping the middle finger of one hand against that of 
the other. A pleximeter finger is often positioned over the area be-
ing examined; however, when assessing bony regions (e.g., over the 
clavicle), the pleximeter may be omitted [15].

Sensors to Identify Different Percussion 
Notes

Advancements in sensor technology now supplement or re-
place traditional auditory and tactile methods by providing objec-
tive, accurate, and reproducible data:

Microphone-Based Acoustic Sensors

Microphone-based acoustic sensors like MEMS, electret, and 
piezoelectric transducers can be used to capture sounds from the 
chest during percussion. These sensors convert the vibrations into 
digital signals, allowing for high-quality analysis and more precise 
comparisons [23].

Vibration Sensors/Accelerometers

Determine the frequency and strength of vibrations generated 
during percussion to evaluate the stiffness or elasticity of tissue 
(How to Use Accelerometers to Measure Vibration | Vibration Mea-
surement, n.d.) [24].

Piezoelectric Sensors

Generate an electrical charge in response to mechanical stress 
from percussion, detecting subtle pressure wave variations that dif-
ferentiate between percussion sounds [25].

Sonar and Ultrasound Sensors:

Although not used strictly for percussion, these sensors can 
correlate percussion findings with real-time imaging of underlying 
tissues [26].

Wearable Smart Sensors

Devices that continuously monitor and record percussion 
sounds and vibrations, useful for long-term clinical monitoring and 
telemedicine applications [5].

Patent Stethoscope with Integrated Reflex Hammer

Combines a stethoscope, reflex hammer, and light for neurolog-
ical and diagnostic testing, enabling standard auscultation along-
side percussion [25].

Electronic Tongue

An analytical tool consisting of an array of chemical sensors for 
pattern recognition and data processing, analogous to human gus-
tatory analysis [28].

Medical Devices for Percussion Analysis
Percuss graph (PCSG)

This device delivers a mechanical impulse to the thorax or ab-
domen and provides objective, quantitative data via spectrum de-
composition using complex Morlet wavelets. It supports both man-
ual and automated interpretation of percussion signals [19].

Robotic Percussion Device (MOT-V)

Developed for telemedical applications, the MOT-V device is in-
tegrated with a robotic arm to allow precise control over percussion 
pressure and frequency. It yields consistent sound production and 
enhanced diagnostic accuracy; however, the servo motor’s gearbox 
may produce noise that can affect the audio signal [20].

Future of AI in Differentiating Percussion
Emerging research indicates that artificial intelligence (AI) 

could significantly enhance the accuracy, consistency, and efficiency 
of percussion-based assessments:

Automated Sound Classification

AI systems can be trained to recognize and classify various per-
cussion sounds (e.g., tympanitic, dull, hyper resonant) based on fre-
quency, amplitude, and duration. Automated classification methods 
have been developed for percussion signals [19].

Real-Time Feedback for Clinicians

During exams, AI-powered systems might offer real-time anal-
ysis, suggest possible diagnoses or trigger further testing [19,20]. 

Standardization of Percussion Techniques

By ensuring consistent application of pressure, location, and 
technique, AI may help reduce human error arising from subjective 
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interpretation and serve as a training tool for clinicians [14,20].

Integration with Other Diagnostic Modalities:

In order to create a thorough diagnostic profile, AI may com-
bine percussion data with additional diagnostic data, including im-
aging results, patient histories, and laboratory results [26,4].

Training and Educational Implications of 
Technology‑Assisted Percussion

The importance of simulation and immersive learning in im-
proving clinical competency is becoming more widely acknowl-
edged as medical education continues to change. Physical exam-
ination skills, such as percussion, were previously taught through 
apprenticeship-style bedside instruction. Despite being tradition-
al, this method may not be accurate due to subjective feedback 
and inconsistent supervision. However, deliberate practice with 
clear goals and quantifiable metrics is the foundation of simula-
tion-based mastery learning, which has demonstrated promise in 
improving critical procedural skills. Using haptic-pericardiocente-
sis simulators, Patterson, Zhang, and Ruiz (2023) showed enhanced 
psychomotor performance and knowledge retention, [29] demon-
strated that residents who received simulation-based lumbar punc-
ture training significantly decreased procedural errors and compli-
cations.

It makes sense to apply this strategy to percussion training. The 
tactile and acoustic feedback of the human thoracic wall can be rep-
licated by anatomically accurate 3D-printed models or haptic vir-
tual reality systems in emerging percussion simulators. These plat-
forms provide immediate visual and aural feedback while gathering 
data on percussion technique in real time. They track variables like 
strike force, frequency, wrist angle, and finger placement. Students 
can successfully close the gap between theoretical comprehension 
and practical application by practicing tapping until their output 
satisfies predetermined “resonant” or “dull” sound benchmarks.

Incorporating these simulators into official curricula provides 
a strong framework that allows performance to be objectively 
assessed against proficiency thresholds. For instance, it may be 
possible to establish and incorporate into OSCE scoring rubrics a 
correlation between expert-evaluated competence and simulator 
metrics (such as the percentage of taps within the target sound 
range). This fosters a learning atmosphere where mastery is ex-
pected rather than just completion. High performers move on to in-
creasingly challenging diagnostic scenarios, while plateaued learn-
ers receive focused remediation. Furthermore, simulated learning 
alleviates logistical bottlenecks and guarantees regular training 
opportunities by lowering reliance on patient volume or examiner 
availability.

These simulators also have adaptive learning algorithms, an 
auspicious but optional feature. Depending on evaluating a trainee’s 
strengths and shortcomings, these systems could offer personal-
ized drills and modify the degree of difficulty. Adaptive learning has 
already shown improved skill acquisition, decreased training time, 

and increased procedural confidence in domains such as echocar-
diography and gastrointestinal endoscopy [30]. After establishing 
foundational accuracy, the simulator may begin with simple echo 
vs. dull distinctions for percussion before progressively introducing 
more complex pathologic tones (like hyperresonant or stony dull).

Multi-level evaluation frameworks should be followed when 
conducting empirical assessments of such interventions. Assess-
ing clinical application (Level 3) is necessary to validate immediate 
effects on knowledge and skill (Kirkpatrick Level 2); for example, 
trainees who use simulators diagnose patients at the bedside more 
accurately. Long-term patient outcomes, such as fewer misdiagnos-
es or prompt intervention, demonstrate level 4 efficacy. Strong evi-
dence for curriculum redesign would come from carefully planned 
randomized controlled trials that contrast simulator-augmented 
learning suites with conventional bedside teaching.

Lastly, these instructional technologies perfectly align with 
TAPEX’s overarching goal. Students gain proficiency in traditional 
methods and their integration into future diagnostic ecosystems by 
encoding percussion as a quantifiable data signal within a larger 
physical exam dataset. Integrating percussion-generated data with 
sensor systems, AI classifiers, and telehealth protocols can be bet-
ter understood through interprofessional education, in which train-
ees from disciplines like biomedical engineering, radiology, and 
clinical informatics co-learn using the same platforms. This is how 
TAPEX-focused percussion training develops well-rounded medical 
professionals capable of conducting physical examinations and act-
ing as astute users of sophisticated diagnostic instruments.

Ethical and Practical Challenges in Imple-
menting AI‑Driven Percussion

Although AI-guided percussion has much potential, several 
logistical and ethical challenges must be carefully considered be-
fore it can be used. Algorithmic bias and equity are two significant 
issues. Systems trained on datasets from lighter-skinned or urban 
populations tend to perform worse in other demographic groups, as 
shown in several clinical AI domains such as emergency medicine, 
dermatology, and radiation oncology [31, 32]. Similar vulnerabili-
ties exist for percussion tone recognition; variations in body hab-
itus, subcutaneous fat distribution, and chest wall density among 
sexes, age groups, and ethnic groups may distort acoustic signals 
and compromise the accuracy of diagnosis. Pathologies in under-
represented communities may go unnoticed if biased algorithms 
are used excessively. Curating varied, annotated acoustic datasets 
that cover a wide range of patient demographics is crucial to pre-
venting this. Finding and minimizing bias also requires regular au-
dits, which look at error rates by subgroup and modify algorithm 
performance thresholds.

The problem of interpretability and explainability makes things 
even more difficult. Deep neural networks, in particular, are among 
the many machine learning models that function opaquely, pro-
viding little insight into the decision-making process. Meaningful 
informed consent is difficult to obtain because of this “black-box” 
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phenomenon, which undermines clinician confidence. Explainable 
AI (XAI) methods like rule-based overlays and feature attribution 
(like gradient heatmaps) should be used to combat this. Clinicians 
could see, for example, how much a particular frequency peak or 
time-domain feature affected the model’s classification. Physicians 
are reassured by these interpretive features that the model’s out-
put is consistent with accepted auscultatory and percussion prin-
ciples. These systems become collaborative by enabling experts to 
challenge and override algorithmic decisions, strengthening rather 
than replacing clinician judgment [33].

Data security and privacy are also important issues. Sensitive 
biometric or acoustic data is frequently recorded by percussion 
systems and sent over networks for analysis. Patient confidentiality 
is at risk in the absence of strong security. Explicit patient consent, 
audit logs, controlled data access, and secure encryption in transit 
and at rest are all necessary for compliance with regulatory frame-
works like GDPR in Europe and HIPAA in the US. Privacy-preserv-
ing methods, such as federated learning, lower the dangers of data 
exposure while facilitating continuous algorithm development in 
various clinical contexts [34]. Federated learning entails centrally 
sharing only parameter updates while training models on-device.

In order to prevent escalating healthcare disparities, strategies 
must also be developed to overcome obstacles related to cost and 
access. Only tertiary hospitals can afford sophisticated robotic per-
cussion systems with arms, sensors, and cloud infrastructure. On 
the other hand, inexpensive acoustic devices such as Tabla, which 
use mobile phones and actuator arrays, provide an accessible sub-
stitute [35]. Inclusion is ensured by implementing a tiered innova-
tion strategy that offers institutions a range of options, from simple 
sensor kits to complete telehealth percussion stations. Public-pri-
vate partnerships, subsidized hardware, and open-source versions 
can lower costs and expedite worldwide deployment.

Perhaps the most subtle risk is that of skill erosion. Clinicians’ 
tactile abilities may decline if they only use AI-generated percus-
sion outputs, especially if they are starting in their careers. In order 
to counteract this, dual-track proficiency should be emphasized 
in medical curricula, requiring residents and students to show 
proficiency in both AI-assisted execution and manual percussion. 
Through ongoing professional development and bedside compe-
tency evaluations, traditional percussion should continue to be a 
clinical skill that can be certified and licensed.

In conclusion, using AI-enhanced percussion requires careful 
balancing. Fair access, transparent design, rigorous privacy protec-
tions, inclusive training, and the ongoing development of tradition-
al clinical skills are all requirements that developers and regulators 
must uphold. These tools can increase diagnostic equity and quali-
ty significantly without compromising expert craftsmanship when 
properly integrated.

Future Directions: Integrating Percussion 
within Telemedicine and Remote Monitoring

Percussion can be used outside hospital walls thanks to the 

combination of remote patient management and digital healthcare 
platforms. Traditional physical examination protocols were shown 
to be vulnerable to infectious risks and logistical limitations during 
the COVID-19 pandemic. At the same time, telemedicine has prolif-
erated, drawing millions of users and leading medical organizations 
to broaden their guidelines for remote examinations. Percussion, 
which is typically saved for face-to-face interactions, was still no-
ticeably missing. A new generation of remote-enabled percussion 
technologies can now close this historical gap as TAPEX develops. 
One example of how clinicians can carry out standardized, con-
trolled percussion maneuvers remotely is the tele-percussion ro-
botic arm developed by Krumpholz et al. [36]. When connected to 
secure teleconferencing tools, these mechanical systems allow live 
patient stimulations more accurately and consistently mimic tra-
ditional finger-based percussion than manual labor. Despite their 
high cost, these systems have great potential for use in critical care 
units, infectious disease wards, or remote outpatient clinics.

To democratize access, however, percussion sensor pads used 
at home are starting to look more promising. These wearable pads, 
with built-in accelerometers, microphones, and actuators, can as-
sist patients in self-administering percussion. These patients are 
usually elderly or have chronic respiratory diseases like COPD. A 
companion mobile app provides real-time instruction (e.g., “tap 
here” or “move two centimeters lateral”) while AI algorithms an-
alyze the acoustic output in the background. The supervising clini-
cian is alerted and further review is initiated if an abnormal pattern 
is found, such as dullness indicating pleural effusion or consolida-
tion. This continuous monitoring paradigm echoes the integration 
of home spirometry or ECG devices, which enables early exacerba-
tion detection. The combination of multimodal sensor data is es-
sential to this approach. It is possible to better distinguish between 
fluid-related dullness and other causes, such as chest wall deforma-
tion, by combining acoustic signals with bioimpedance measure-
ments and actigraphy (movement). Such sensor fusion combining 
lung sounds, bioimpedance spectroscopy, impedance pneumogra-
phy, and kinematic data improves tracking of pulmonary fluid sta-
tus and respiratory markers in heart failure and healthy subjects, 
improving diagnostic specificity in respiratory monitoring, as San-
chez-Perez et al. [37] showed. Furthermore, even before clinical 
symptoms appear, AI can identify minute alterations in percussion 
profiles that signify the progression of the disease by comparing 
baseline and episodic recordings. It is also important to integrate 
with the telehealth infrastructure. Multidisciplinary teams can re-
motely monitor percussion data, alarm flags, and clinician annota-
tions by uploading them to cloud-based EHR dashboards. Simplified 
workflows are made possible by standardized reporting formats 
and clinician alerts, guaranteeing that percussion develops into a 
trustworthy alternative to imaging and vital signs. Tele-percussion 
may eventually be covered by insurance and regulatory systems as 
a diagnostic tool that can be reimbursed; in certain areas, telehealth 
coverage currently covers remote physical examinations.

Developers must adhere to digital health certification pathways 
to be accepted by regulators. Depending on the degree of auton-
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omy of the device, FDA clearance is required under the medical 
device tier 2 or tier 3 category in the United States. CE-marking is 
mandatory in Europe. In order to determine sensitivity, specificity, 
and inter-rater reliability, developers should conduct clinical stud-
ies comparing device performance with manual percussion and 
bench tests (precision, durability, and environment adaptability). 
Patients with heart failure or interstitial lung disease are examples 
of chronic respiratory cohorts that should be the focus of initial fea-
sibility pilots. Reductions in hospital admissions, enhanced patient 
involvement, and the detection of subclinical exacerbations would 
be important results. As a practical illustration, consider Raza et al. 
[38], who used teleconsultation (including digital stethoscopes) 
for 314 patients with COPD and dyspnea in rural Missouri. They 
showed improved access to subspecialty care and reduced costs 
($313 vs. $1,166 per patient compared to in-person visits). This 
demonstrates the potential of percussion in related applications 
and emphasizes how remotely guided auscultation devices can de-
crease clinic visits and enhance results.

Longer term, ambient monitoring systems (such as oxygen 
monitors, air quality sensors, and smart scales) may connect with 
smart home perception networks to create an early warning eco-
system. Anomalies related to percussion may cause contextual 
alerts, leading to further oxygen saturation checks or teleconsul-
tations. By extending TAPEX from the clinic into the lived environ-
ment, this holistic approach produces distributed diagnostics easily 
incorporated into day-to-day activities.

Conclusion
A fundamental component of the physical examination for a 

long time, percussion provides quick and easy access to informa-
tion about internal anatomical conditions. Percussion is still clini-
cally relevant even though imaging and laboratory tests are becom-
ing increasingly important in modern diagnostics. This is especially 
true as technology advances improve accuracy, dependability, and 
remote applicability. By the Technology-Assisted Physical Examin-
oscope (TAPEX) framework, this paper examined how robotic plat-
forms, artificial intelligence (AI) algorithms, acoustic sensors, and 
telemedical tools convert traditional percussion into an objective, 
digitally assisted practice.

These developments are not limited to diagnostics. In medical 
education, virtual percussion environments and simulation-based 
training address the subjectivity and variability in traditional 
teaching, which now provide structured and repeatable skill devel-
opment. However, there are significant practical and ethical issues 
with AI use. To ensure that new tools enhance clinical judgment 
and patient trust rather than erode them, issues with algorithmic 
transparency, data privacy, skill atrophy, and equitable access must 
be considered. Percussion is currency being used more frequent-
ly for telemedicine and remote monitoring of patients. Because of 
wearable technology and advancements in the current sensor sys-
tems, access to medical care and follow-ups, especially for those in 
remote areas, has become possible. This allows physicians to offer 
the best care possible to their patients. Percussion illustrates how 
conventional clinical skills can develop and adapt as healthcare be-

comes more data-driven and decentralized, maintaining their diag-
nostic value as they develop alongside contemporary technologies.

This development is consistent with more general develop-
ments in digital medicine. According to [39], in their research on 
the Internet of Orthopaedic Things (IOT), the combination of clin-
ical workflows and smart sensors facilitates “real-time physiolog-
ical data acquisition” and allows for “more precise and personal-
ized clinical decision-making.” In cardiopulmonary care, acoustic 
signals, kinematic feedback, and AI interpretations provide richer 
diagnostic context than manual techniques, such frameworks could 
be easily applied to percussion. The move toward a partnership 
between humans and technology also fits with new ideas about 
Industrial Revolution 5.0. Intelligent systems are being developed 
to complement clinicians rather than to replace them. According to 
Hanif et al. [39]. the “men and machines dancing together” mod-
el combines machine precision and human intuition to improve 
clinical excellence rather than lessen it. Percussion becomes more 
than a historical artifact in this context; it develops into a high-tech, 
high-touch modality used in next-generation physical examination 
[40,41].

In conclusion, percussion remains a potent illustration of how 
medicine, engineering, and data science can work together to rede-
fine fundamental bedside practices. Percussion is being resurrect-
ed as a crucial part of patient-centered, future-ready examination 
models rather than being rendered obsolete.
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