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“In all developmental journeys, change in behaviour is enforced first, before one appreciates it as a useful habit”


1 Introduction

Acceptance of sEMG is an issue of paradigm shift. It puts clinician in an uncomfortable position to choose between tradition-innovation, convenience-diligence, quick-correct, etc. There is behavioural inertia that is slowing the acceptance of sEMG. Paradigm shifts of recent times are “recycling of plastic”, “shifting from combustion engines”, “shift from thermal power to hydro/solar”, “standardization of Health establishments”, “annual to semester calendar”, “digitization of records/processes” etc. All these changes were advantageous, but they didn't happen easily. An orchestrated policy, backed by qualified “techno-bureaucratic will” realized such paradigm shifts that are now norms. Generally, clinicians are technology laggards and issues of resources availability are not directly under clinicians’ control. Administrators of healthcare are the controllers of “resource allocation” (systems, space, finance, manpower and support services). They are executives articulating between management's interests (primarily) and demands of clinicians. They are sensitive to profit enhancing propositions and statutory compliances. Surface EMG fails on both of these attributes. It is not mandated by norms and its cost effectiveness studies are limited (1). Adopting sEMG implies a significant learning effort (undesirable to clinician) and increased resources (undesirable to administration). Hence well-known limitations of sEMG, reported in research studies, are stressed to avoid dealing with the subject. This is a common approach to distract attention from root-cause. Actual issues are rarely reported objectively. A decisive policy is needed to upgrade teaching and outdated clinical practice, as discussed in literature (2–4).

The following sections list and describe a number of proposed actions and the role of the stakeholders.



2 Proposed actions

The first author has been directly involved in Indian Government policy-making for implementing reforms in academic syllabi, accreditation, internship-training, assessing public/private institutions, career enhancement schemes, regulatory compliance, etc. and has observed great differences between what health managers say in research/reports and how they behave in practice. Vital initiatives required to establish sEMG in the order of importance are:


2.1 Policy making

sEMG based quantitative outcome (e.g., RMS) measures are not exploited so far in an appropriate manner. Orchestrated efforts is required by researchers & industry to press Statutory Councils; NCAHP (5), WCPT (6), APTA (7), NHS (8) HCPC (9) (Appendix 1) to exercise their scope & advocacy to promote applications of sEMG as a clinical standard. EMG-RMS, onset and muscle-activation times, muscle fibre conduction velocity, spectral parameters, neural-drive, EEG-EMG coherence, etc. These quantities should be stipulated by agencies as essential outcome measures for model clinical assessment as proposed by the ISEK-JEK tutorials, best practices, and consensus papers (6–14). Agencies should prescribe sEMG as a full semester subject associated to Biomechanics and Electrophysiology in PT programs. Specialized diploma should also be introduced for practitioners. Once sEMG is a requirement to comply with, clinicians will initiate efforts to learn/apply it and they will find answers to many challenges. Professional organizations should offer awards/scholarships in sEMG and promote sEMG workshops as commendably done by ISEK (10) through the publication of a series of Tutorials (11–14) and Consensus paper (2, 15, 16).



2.2 Role of industry

Besides rampant marketing, teaching maybe expected by sEMG device companies. For most of the new technologies there is no market yet. Commercial companies need to invest for long-term, cut costs and support research.



2.3 Integration

Of established PT training with sEMG should be brainstormed for managing production/ancillary costs and mustering survival of business. The phenomenal success of smart phone merging many devices into one is a relevant example here. Developing simpler devices with preset modes and default settings is suggested. Employing physiotherapists in sEMG device companies will make students interested in sEMG learning during their academic training.




3 Strategic role of physiotherapists

In India, and many other countries, PTs undergo 4 years of UG education (BS) followed by 2 years of PG education (MS) and a PhD. They do clinical diagnosis (5) and measurement of muscles/movement and should be educated to record, process and interpret sEMG signals as expressions of neuromuscular control. Physiotherapists are at the pivot of creating knowledge about movements, on one side, and applying STEM methodologies for patient-care, on the other side. PTs are vital in assessing and monitoring rehabilitation of all movement disorders. With the phenomenal improvement in research and academics, PTs are the most efficient lever to optimize therapies and measure outcomes in a rehab team. The majority of physicians/surgeons endorse the role of PTs as vital in early and effective functional restoration of movement. PTs are widely accepted in society and patient community at large. Recognized as pain relieving and activity restoration specialist by non-drug methods PTs are welcome saviours especially for managing chronic disorders (5). PTs are among the few health operators who exploit electronic instrumentation such as electrical stimulation, ultrasonic, diathermy and are well versed with use and safe handling of electrical equipment. Clinical monitoring of anomalies by evoked responses like Faradic-Galvanic testing, chronaxie, rheobase, strength-duration curve etc. are age-old in PT. Additional training of physiotherapists may include sEMG signal processing, electrode placement, data acquisition, feature extraction and interpretation, sources of errors, etc.

The precise role of PTs in this regard can be categorized in the following strata that also apply to any other technological field:


3.1 Infrastructure requirement

It should be made mandatory to have sEMG instrumentation for PT labs, with mandatory experiments in the academic curriculum (1, 17, 18).



3.2 Curriculum

The current (5) curriculum in physiotherapy is not suitable to produce a clinical figure with proper competence in sEMG and other assessment techniques. There should be a dedicated subject in UG and a specialty in PG studies (including STEM topics), with proportionate weight in examination/evaluation. Teaching sEMG practice at the UG level is a practical approach to avoid “inertia to embrace technology” that is later observed in experienced PTs. There is a need to introduce a minimum 10–12 credits course on sEMG at UG level and PG degree in clinical sEMG. A syllabus for such a course is proposed in another paper of this collection.



3.3 Clinical practice

A policy is required on Standard operating (clinical) Procedures to make sEMG reporting mandatory to document clinical assessment and monitoring.



3.4 Research thrust

sEMG research in PG and PhD programs should be promoted by offering grants, seed money, journal subscriptions, etc.



3.5 Faculty development programs

A policy should be set on mandatory credit requirement to attend sEMG-related workshops.



3.6 Career enhancements

Avenues in the form of “industry-reward” for exemplary sEMG practice.




4 Target group

The largest target for sEMG knowledge dissemination are UG students. Their approach is positive and, if motivated, they do show keenness towards sEMG. Students show interest in modern instrumentation and their capacity to grasp STEM technology is higher than physiotherapists’ who focus on patient loads. The tendency to resist changes in clinical practices is less likely in students, especially if it is linked with their academic-performance/curricular-credits. sEMG instrumentation can be made available in institutions whereby more students can learn at one center. Clinicians show less interest in CME on sEMG as they never learned its scope/relevance in practice.



5 Translation strategy

Three pronged “EMG strategy” should be applied to present sEMG knowledge and instrumentation to the learner's mind: (1) Educate, (2) Mandate, and (3) Grow.


5.1 Educate

A combination of appropriate STEM concepts with practical sessions at para-clinical UG education, is necessary to lay foundation in STEM and sEMG practice. This is the stage where the matrix of clinical practice is being laid in a learner mindset. Clinical practice is a permanent fabric whose individual threads are woven in time at the UG and PG learning. This fabric remains permanent throughout the future practice. What they learn in their later clinical life introduces additional knowledge that is embroidered on this permanent fabric. Based upon this analogy, the most appropriate level to introduce sEMG is the UG education (para-clinical learning stage). Content of STEM and sEMG should be smartly planned to avoid aversion to it by the learner. STEM may be introduced in nutshell with relevant clinical examples. STEM concepts may be co-laterally taught during “hands-on filtering/feature-extraction sessions”, when the learner is more likely to understand them due to higher motivation derived by the need of applying them.



5.2 Mandate

Knowledge and application of sEMG should be made mandatory for clinical practice by statutory measures. There should be evaluation of STEM and sEMG knowledge, as well as emphasis on quantitative reporting of muscle-movement performance, mandatory sEMG clinical practice, student exchange programs with the centers of excellence in field of sEMG and mandatory attendance to sEMG seminars/conferences. There must be mention of sEMG application at all possible stages of protocols for assessing treatment. There is a need to anchor sEMG practice in clinician's regular work.



5.3 Grow

Collateral methods of learning is an unexploited area in sEMG education and promotion. A new strategy of learning can be based on the fact that, learner imbibes indirectly from slow channels of collateral experiences. sEMG learners can reinforce knowledge by a number of auxiliary learning methods such as interns at sEMG centers (where instrumentation is developed) alternatively learner can take up assignments like fellowships, apprenticeships, academic writing, review of articles and assisting teachers in preparing lectures in field of sEMG. In this way additional classroom load and assessment aspects are not built-up with the only scope of sEMG education and critical thinking. For implementing a robust ecosystem to promote sEMG learning, it is vital to understand importance of necessary competencies of trainer-trainee combination. Some suggested competencies are enlisted herein (but not limited to):


5.3.1 Competencies of sEMG trainer


	•Solid knowledge and teaching acumen of STEM topics.

	•Sound understanding of relevant neuromuscular anatomy and physiology.

	•Familiarity with common clinical situations of movement disorders to cite examples.

	•Knowledge of neuromuscular diagnosis and assessment.

	•Extra ordinary communication for translation of STEM topics in simpler form.

	•Motivating and problem-solving personality to manage and steer learning goals.





5.3.2 Competencies of a Trainee


	•Clear concepts of basic physics and mathematics at senior secondary-education level.

	•Understanding of basic neuromuscular anatomy and physiology required to apply sEMG.

	•Motivation to practice sEMG with capacity to overcome sometimes frustrating difficulties.

	•Ability to handle electrical instrumentation safely and diligently.

	•Basic ability to operate computer software tools such as excel, python or matlab.







6 Discussion and conclusions

There is a widespread consensus about the need of reducing the gap between the available sEMG knowledge in the field of rehabilitation assessment and the clinical application of such technology in physiotherapy and movement sciences (2–4). There is also (a) extensive literature concerning the clinical applications of sEMG a sample is provided in (17–26), (b) the need to adopt evidence-based practice (EBP) approaches and (c) the need to increase consensus about sEMG-based planning and evaluation of interventions (2, 3, 15, 16). The need of translational efforts to increase the competence and technical expertise of clinical operators in these fields is also widely recognized. However, consensus on how to address these problems, how to disseminate knowledge and improve academic education, training and competence of professional clinical operators, is lacking. The benefits of sEMG are increasingly acknowledged, there is a critical need to increase its adoption. By enhancing the integration of sEMG into clinical practice, we can ensure a more structured approach to rehabilitation assessments, ultimately improving the effectiveness of interventions and patient outcomes.
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Appendix 1


Glossary of terms


	1.APTA, American Physical Therapy Association

	2.BS, Bachelor of Science

	3.MS, Master of Science

	4.CME, Continuing Medical Education

	5.HCPC, Health and Care Professions Council

	6.ISEK, International Society for Electrophysiology and Kinesiology

	7.JEK, Journal of Electromyography and Kinesiology

	8.NCAHP, National Commission for Allied and Health Professions (Statutory commission in India)

	9.NHS, National Health Service

	10.PG, Postgraduate

	11.PhD, Doctor of philosophy

	12.PT, Physiotherapy/Physiotherapist

	13.sEMG, Surface Electromyography

	14.STEM, Science, Technology, Engineering, and Mathematics

	15.UG, Undergraduate

	16.WCPT, World Confederation for Physical Therapy

	17.RMS, Root Mean Square
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