
 Health and Medical Discoveries 

31 | P a g e  
 

Copyright©2025. This work is licensed under a Creative Common Attribution 4.0 International License.  (CC BY 4.0) 

SYNERGY EDUCATIONAL LEARNING INSTITUTE (SMC-PRIVATE) LIMITED  

  

INVESTIGATING CHRONIC MYOFASCIAL PAIN SYNDROME 

USING ADVANCED EMG 

 
Shahzad Rafiq1*, Shazia Khalid2 

1Quaid-e-Azam Medical College, Bahawalpur, Punjab, Pakistan 
2Allama Iqbal Medical College, Lahore, Pakistan 

*Corresponding Author E-Mail: shahzadrafiq6050@gmail.com 

  Abstract 

Chronic Myofascial Pain Syndrome (CMPS) is a complex musculoskeletal condition characterized 

by myofascial trigger points, persistent pain, and neuromuscular dysfunction. The lack of objective 

diagnostic tools has contributed to underdiagnosis and ineffective treatment. Advanced 

electromyography (EMG) techniques offer new opportunities to characterize the underlying 

pathophysiological mechanisms.This study aimed to investigate neuromuscular and autonomic 

biomarkers associated with CMPS using high-density surface EMG, intramuscular EMG, and 

physiological monitoring to provide an objective assessment of muscle and autonomic 

dysfunction.Sixty participants were enrolled, including 40 patients with CMPS and 20 healthy 

controls. Tests were made for pain intensity (VAS), pressure pain threshold, muscle unit action 

potential (MUAP) amplitude and duration, frequency of the EMG signal, muscle coherence, endplate 

noise, heart rate variability (HRV), and skin conductance. The EMG signals were studied using both 

time-frequency and wavelet methods. There was a difference in pain severity, which was 

significantly higher in CMPS patients (mean VAS = 6.5) than in people without CMPS. In the CMPS 

group, the muscle activity was different since the MUAP amplitude and duration were increased and 

the EMG signal mean frequency was reduced. The scores for coherence indicated that the patients’ 

motor control strategies were affected. In CMPS patients, endplate noise seems to increase due to 

independent muscle activity around the trigger points. Moreover, there was a reduction in HRV and 

an increase in skin conductance, suggesting the sympathetic nervous system was in control. A 

relationship was found between pain severity and EMG parameters, coherence, and markers related 

to the autonomic nervous system. 

There were differences in both the nervous system and the autonomic nervous system between CMPS 

patients and normal controls. This supports the value of EMG for clinical work and opens 

opportunities to adjust medical care in a manner appropriate for every patient. 
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INTRODUCTION

Myofascial Pain Syndrome is a moderately common 

type of chronic pain, which is characterised by 

various sensory, motor, and autonomic symptoms, 

due to the existence of trigger points in certain bands 

of muscle, tendon, or fascia tissue.  When the 

underlying problem of Myofascial Pain Syndrome is 

not visible, it is difficult for doctors to accurately 

diagnose and treat the condition (Finn, 2024).  

Having chronic neck pain is a frequent condition 

that persists and can lead to low functioning and a 

lower quality of life (Rampazo et al., 2020).  Neck 

pain does not respond well to treatment, as the 

causes are complicated (Zoete et al., 2022).  Long-

term neck pain and its frequent recurrence may 

result from excessive changes in the brain and motor 

systems (Qu et al., 2022).  With improved 

electromyography, those cause of this illness can be 

studied in greater detail.  A study by Bernal-Utrera 

et al. showed that physical therapy has effects that 

help modify nervous responses to pain in people 

who experience it over a long time.  They may 

improve how patients are cared for by enhancing 

diagnoses, explaining causes of pain, and adjusting 

treatments (Jain et al., 2021).  Chronic non-specific 

neck discomfort often cannot be treated and has a 

strong impact on your job and your lifestyle (Ahmed 

et al., 2024). 

Besides explaining the disease process, 

electromyography is widely used to accurately 

measure the activity of muscles in patients.  There is 

a non-invasive method where many electrodes are 

attached over an injured muscle at once to reveal 

electrical activities at the same time.  Because a lot 

of data was collected, we now have tools that 

illustrate the locations where muscles are being 

activated the most.  Wavelet analysis and time-

frequency decomposition break down the EMG 

signal, exposing even tiniest changes in the pattern 

of muscle firing related to pain and functional 

changes.  To observe the electrical signals of certain 

muscle units, physicians can use intramuscular 

EMG and thread microelectrodes directly into the 

tissue.  Estimating these values can reveal how the 

motor unit is contributing to discomfort and pain.  

Low frequencies in the signal frequency spectrum 

can appear if someone constantly has muscle 

discomfort; this may happen because of a change in 

how muscle fibres behave.  Equally, coherence 

analysis allows for studying the synchronisation 

among muscles in response to persistent pain.  

Electromyography can be utilized in regulated 

studies to check shifts in muscle patterns and assess 

the effectiveness of different treatments (Manzotti et 

al., 2020). 

EMG allows for better understanding of many pain 

problems, but professionals should still rely mostly 

on clinical evaluations and reports from the patients.  

EMG can identify and analyze how muscles and 

their motor units function by picking up and 

analyzing the electricity being produced (Silva et al., 

2021).  Recently, specialists are paying more 

attention to pain because advanced neuroimaging 

and electrophysiology techniques have made 

measuring pain more precise (Xu & Huang, 2020).  

While nerve conduction examines only myelinated 

fibres, electrophysiology can reveal more about 

nerve damage (Evans et al., 2021).  When generating 

residual muscle EMG data for prosthetic sockets, 

electromyography offers promising results (Fleming 

et al., 2021).  With electromyography, it is possible 

to identify various types of pain, including 

neuropathic pain and nociceptive pain.  

 The pain and dysfunction in Chronic Myofascial 

Pain Syndrome are fueled in part by myofascial 

trigger sites.  Together with advanced processing of 
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the data, electromyography allows us to better study 

the neuromuscular system.  Special regions in 

muscles that lead to pain and refer the pain to other 

areas are called myofascial trigger points.  Often, 

trigger points are linked to increased tension in 

muscles, different muscle activity patterns, and 

increased sensitivity in the pain system (Deer et al., 

2021).  High-density surface EMG can display the 

distribution of electrical activity around trigger 

points and identify altered muscles (Contreras-

Hernandez et al 2022).  Intramuscular EMG can 

identify thin threads of spontaneous negative 

activity seen in muscles and can also determine the 

electrophysiological properties of trigger points.  

Advanced techniques using EMG may help in 

detecting biomarkers of Chronic Myofascial Pain 

Syndrome; however, standard biomarkers for 

chronic pain disorders have yet to be found.  

Longitudinal studies using EMG help to understand 

how the condition changes and which treatments are 

effective.  Additionally, because some patients are 

not ambulatory, medical technology such as 

Magnetic Resonance Imaging is used to follow the 

progress of their illness and responses to treatment, 

but these methods can only be used in hospitals and 

are very costly (Strandberg et al., 2020). 

 Chronic pain can be affected by the interaction 

between the nervous and immune systems (Pires et 

al., 2020).  Specifically, it has been proved that those 

with chronic pain experience higher concentrations 

of inflammatory mediators such as cytokines.  

Therefore, the extracellular signal-regulated kinases 

should be considered significant molecules for pain 

treatment and further research in this area (Kondo & 

Shibuta, 2020).  By using advanced scans, 

neuroscientists are able to see differences in brain 

structure and how it functions in cases of migraines 

(Rocca, G., Vergani, N., Nudo, R. J., & Lauriola, C., 

2020).  It has been observed that people with chronic 

pain disorders have alterations in the brain that 

change how those important for processing pain 

function (Zoete et al., 2022).  Researchers from the 

study by Yu et al. (2021) have found that pain 

persists even if the brains Center for Pain Relief 

normally suppresses that pain (Goldstein, 2021). 

 Information from blood flow at the periphery, along 

with methods involving changes in skin tone, 

perfusion levels, and heart rate, can be used as 

indicators of pain during anaesthesia (Shainshein et 

al., 2020).  The way pain affects people can be 

measured by examining their behaviour and 

physical responses.  It is possible that this method 

can help identify signs of pain in individuals, 

especially when traditional reports are not available 

(Egede et al., 2020).  We should consider the mental 

and emotional factors when evaluating chronic pain. 

METHODOLOGY 

The study examined neuromuscular dysfunction and 

related electrical measures in patients with Chronic 

Myofascial Pain Syndrome (CMPS) via HDsEMG, 

iEMG, and advanced processing.  Altogether, 60 

participants were chosen: 20 healthy individuals and 

40 individuals with CMPS in the cervical paraspinal 

and trapezius muscles.  To confirm the diagnosis, 

the health care provider applied the Travell and 

Simons criteria and physically examined the patient.  

Anyone currently affected by neurological troubles, 

chronic inflammatory ailments, injuries, or those 

consistently using painkillers was not permitted to 

join.  In evaluating, subjects first gave a self-report 

of pain level on the VAS, were tested for pressure 

pain threshold, and pain was mapped fully.  The 64-

channel HDsEMG was conducted by placing the 

grid electrode array on the specified muscle groups.  

EMG recordings were made using fine-wire 

electrodes, and ultrasound was used to guide the 

placement under the skin.  A dynamometer was used 
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to ensure all participants performed the same level 

of isometric neck extension and shoulder elevation 

exercises during EMG measurement.  The analysis 

of muscle action potential frequency, pattern, and 

motor unit activity involved using both wavelet 

transform and rapid Fourier transform to analyse the 

recorded EMG signals.  Using coherence analysis, 

intermuscular synchronisation was looked at, while 

EMG mapping helped identify any places with 

unusual muscle activity.  In chronic pain patients, 

scientists measured blood flow recordings as well as 

measures of skin conductance and heart rate 

variability at the same time.  MATLAB and SPSS 

v27 were applied to examine the data, while 

independent t-tests and MANOVA were performed 

to compare the EMG results from the two groups.  

To determine if the level of pain was related to 

electrical activity in the brain, Pearson correlation 

coefficients were used.  This strategy was created to 

gain knowledge of how chronic myofascial pain 

develops and to identify any related biomarkers in 

the brain’s electrical activity. 

RESULTS 

There were 60 research participants: 40 with a 

Chronic Myofascial Pain Syndrome (CMPS) 

diagnosis and 20 healthy individuals who were 

similar in age and sex.  The table (Table 1) 

demonstrates that there are two CMPS subjects for 

every one control subject. 

 Mechanical sensitivity and pain intensity were 

found to be different among the different groups.  

Table 2 suggests that the CMPS group scored lower 

pressure pain thresholds (2.8 kg) than the controls 

(4.2 kg) and also had much higher VAS pain scores 

(6.5) than the controls (1.2). These data proved that 

those with CMPS have hyperalgesia. 

 There were large differences in the activity of motor 

units seen during assessment.  It was evident from 

Table 3 that the participants in the CMPS group had 

higher MUAP amplitudes and durations than the 

controls.  Figure 4 confirms that the differences in 

MUAP can be observed between the two groups.  In 

line with Table 4, the mean frequency of EMG 

signals shows that patients with CMPS displayed 

frequencies of 65 Hz, compared to 85 Hz in controls.  

Figure 5 reveals that the frequency spectrum for 

CMPS individuals is shifted down. 

 The researchers focused on muscle coordination 

using techniques for coherence analysis.  The CMPS 

group showed much higher values of the coherence 

index, as shown by Table 5 and Figure 6 (mean = 

0.55). 

 To measure electrophysiological irritation, 

researchers relied on medical endplates or plating.  

Spontaneous electrical activity is reported in Table 

6 to be closely associated with trigger points in that 

the CMPS group shows higher endplate noise (mean 

= 45 µV, as compared to 25 µV in the comparison 

group).  Figure 7 explains further what was 

mentioned. 

 Doctors used measurements of skin conductance 

and heart rate variability to determine the presence 

of dysfunction in CMPS.  It appears from Table 7 

that skin conductance was greater in the CMPS 

group, and their HRV was less, both of which 

suggest an increased activity of the sympathetic 

nervous system.  The results are confirmed by 

Figures 8 and 9, which illustrate unique details 

typical of pain disorders. 

The correlation of each quantitative variable is 

displayed in Table 8.  There was a strong positive 

relationship between the VAS scores and endplate 

noise, coherence index, and MUAP amplitude. 

Additionally, the results suggest a strong negative 

correlation between the quality score and pressure 
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pain threshold, as well as HRV.  The findings help 

show that both autonomic and neuromuscular 

mechanisms are involved in the pathophysiology of 

CMPS. 

Links between mental processes and changes in 

electrical and muscle responses, as well as in 

autonomic function, strongly support the disorder in 

CMPS patients.  The results suggest that advanced 

EMG may play a role in detecting and describing 

how persistent myofascial pain develops. 

Table 1: Participant Distribution by Group 

Group Participant Count 

CMPS 40 

Control 20 

Table 2: Mean VAS Score and Pressure Pain Threshold by Group 

Group VAS_Score Pressure_Pain_Threshold_kg 

CMPS 6.52 2.80 

Control 1.21 4.21 

Table 3: MUAP Amplitude and Duration – Descriptive Statistics by Group 

Group count mean_amplitude std_amplitude mean_duration std_duration 

CMPS 40 402.3 µV 80.1 µV 12.1 ms 2.0 ms 

Control 20 278.4 µV 59.6 µV 9.0 ms 1.5 ms 

Table 4: EMG Mean Frequency – Descriptive Statistics by Group 

Group count mean_Hz std_Hz 

CMPS 40 65.4 10.2 

Control 20 85.1 8.4 

Table 5: Muscle Coherence Index by Group 

Group Coherence_Index (mean) 

CMPS 0.55 

Control 0.35 

Table 6: Mean Endplate Noise Levels by Group 

Group Endplate_Noise_uV (mean) 

CMPS 45.2 

Control 24.9 
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 Table 7: Autonomic Metrics – HRV and Skin Conductance 

Group HRV_Index (mean) Skin_Conductance_uS (mean) 

CMPS 30.4 3.51 

Control 40.3 2.08 

Table 8: Correlation Matrix of Key Electrophysiological and Clinical Variables 

 
VAS_S

core 

Pressure_Pain_Th

reshold_kg 

MUAP_Ampl

itude_uV 

Endplate_N

oise_uV 

HRV_I

ndex 

Coherence

_Index 

VAS_Score 1.00 –0.68 0.49 0.47 –0.52 0.45 

Pressure_Pain_Th

reshold_kg 
–0.68 1.00 –0.44 –0.41 0.50 –0.43 

MUAP_Amplitud

e_uV 
0.49 –0.44 1.00 0.53 –0.40 0.42 

Endplate_Noise_

uV 
0.47 –0.41 0.53 1.00 –0.45 0.41 

HRV_Index –0.52 0.50 –0.40 –0.45 1.00 –0.44 

Coherence_Index 0.45 –0.43 0.42 0.41 –0.44 1.00 

The graphs presented show how CMPS leads to 

problems in the muscles and the autonomic system.  

As shown in Figure 1, the number of CMPS group 

members was higher, which allowed us to compare 

the groups in detail.  As evident in Figure 2, the VAS 

scores for pain show a greater proportion of higher 

scores in the rightward part of the CMPS group, 

indicating chronic intense pain.  As you can tell from 

Figure 3, CMPS subjects seem to have very low 

pressure pain thresholds and may therefore be 

affected by hyperalgesia.  Figure 4 demonstrates that 

contractures in CMPS patients experience a longer 

and stronger neuromuscular activation than controls.  

The average EMG frequency dropped in CMPS 

patients (as shown in Figure 5), and this could 

suggest muscle fatigue, changes in individual 

muscle fibers, or different tactics for muscle 

contraction.  Figure 6 demonstrates that the CMPS 

group has a higher coherence index, which could be 

related to their unusual ways of moving and 

controlling their muscles because of chronic pain.  

From Figure 7, it appears that patients with CMPS 

have elevated electrical activity levels next to the 

trigger points.  Figure 8 illustrates that HRV was 

lower in the patients who underwent CMPS. It may 

indicate that the body is no longer balanced and the 

parasympathetic nerves are not sufficient.  Lastly, 

Figure 9 shows that skin conductance levels are 

higher in the CMPS group.  Combined, these 

illustrations display the changes regarding 

electrophysiology, sensation, and autonomic 

functioning that characterize CMPS. 
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Figure 1: Participant Distribution by Group 

 

Figure 2: Pain Intensity (VAS Score) 

 

Figure 3: Pressure Pain Threshold by Group 
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Figure 4: MUAP Amplitude vs Duration 

 

Figure 5: EMG Mean Frequency by Group 

 

Figure 6: Muscle Coherence Index 
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Figure 7: Endplate Noise Levels 

 

Figure 8: Heart Rate Variability Index 

 

Figure 9: Skin Conductance Levels 
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DICUSSSION 

Researchers suggest that chronic myofascial pain 

syndrome is partly due to dysfunction of these 

nervous systems working together (Grinberg et al., 

2020).  High pain sensitivity over time, according to 

VAS scores and thresholds, is evident in patients 

diagnosed with CMPS (Caldo et al., 2023).  Many 

CMPS patients must compensate for their muscle 

issues, causing the MUAP size and duration to be 

greater than estimated (Xu & Huang, 2020).  The 

drop in EMG frequency observed by Che and her 

colleagues (2021) may be related to new recruitment 

strategies, changes in the muscles’ fibre types, or 

fatigue seen in chronic pain conditions.  If the 

coherence index increases, it could be caused by 

altered motor control in the brain or a compensating 

strategy to protect motor function when in pain. 

Meanwhile, a rise in endplate noise likely results 

from muscles being hypersensitive or from more 

neurotransmitters being released automatically.  

Having an elevated skin conductance and lower 

HRV usually implies that there is constant 

stimulation of the sympathetic nervous system and 

underactivity of the opposing vagus nerve.  These 

findings suggest that CMPS results in a stress 

response that is similar to what has been found in 

other chronic pain conditions (Pacheco-Carroza, 

2021).  Another point in favor of the idea is the 

strong correlation discovered between clinical tests 

and human electrical activity. 

 The intensity of CMPS symptoms is related to 

changes in pain, autonomic function, activity of 

muscles, sensitivity to touch, and muscle activity on 

both sides of the body.  Our research shows that 

medical history, mood, cultural influences, among 

other aspects play a major role in the results a patient 

reports (Dolgin, 2024).  Numerous studies suggest 

that PMR is an inflammatory disorder marked by 

stiffness, discomfort, and reduced function (Twohig 

et al., 2022).  Results also indicate that therapies 

such as reducing sensitivity to pain, correcting 

autonomic imbalances, and governing how much 

our muscles respond could be effective. 

CONCLUSION 

Learned from the study, people with CMPS 

experience distinct neuromuscular and autonomic 

alterations, as shown by the latest EMG findings.  

Patients with CMPS experienced much less pressure 

pain threshold and increased pain during 

examination, showing they are hyperalgesic.  It was 

shown that MUAP amplitude and duration 

increased, the mean frequency of the EMG signal 

decreased, and endplate noise was higher using both 

high-density surface EMG and intramuscular EMG. 

According to the study, problems with motor unit 

performance and continuous electrical activity 

coming from trigger points were found.  Patients 

with CMPS were also shown to have a higher degree 

of “internal” synchronisation, which suggests 

changes in how they control movements due to pain.  

Moreover, the study found that CMPS is 

accompanied by an imbalance between the 

sympathetic and parasympathetic components of the 

nervous system and reduced heart rate variability.  

Their high correlation with how severe the pain is 

indicates that autonomic indicators are significant in 

treating chronic pain.  The matrix showed a strong 

relationship between pain and sensory, motor, and 

autonomic measures.  From what we can see, this 

method effectively identifies the physiological 

features of CMPS.  Measurements like these can 

help with tracking the progress of the illness as well 

as monitoring the effects of treatment and diagnosis.  

Thanks to this approach, clinicians can rely on 

neurophysiological findings when treating chronic 

myofascial pain and gain a deeper understanding of 

the issue.  The results require confirmation, and we 

need larger cohorts in future studies to understand 

how focused therapies influence the field of CMPS. 



 Health and Medical Discoveries 

41 | P a g e  
 

Copyright©2025. This work is licensed under a Creative Common Attribution 4.0 International License.  (CC BY 4.0) 

SYNERGY EDUCATIONAL LEARNING INSTITUTE (SMC-PRIVATE) LIMITED  

REFERENCES 

Advances and Challenges in Pain Measurement. 

(2023). In Frontiers research topics. Frontiers 

Media.  

Ahmed, Z. Z., Khan, M. N., & Bairapareddy, K. C. 

(2024). Randomised controlled trial assessing the 

effects of 6-week telerehabilitation exercise 

programme on chronic non-specific neck pain: a 

study protocol. BMJ Open Sport & Exercise 

Medicine, 10(1).  

Álvarez, S. D., Saornil, J. V., Milá, Z. S., Crespo, G. 

J., Chekroun, A. C., Casas, J. M. B., Llanes, R. F., 

& Rodríguez‐Sanz, D. (2022). Effectiveness of Dry 

Needling and Ischemic Trigger Point Compression 

in the Gluteus Medius in Patients with Non-Specific 

Low Back Pain: A Randomized Short-Term Clinical 

Trial. International Journal of Environmental 

Research and Public Health, 19(19), 12468.  

Anjana, G., Gupta, A. K., Kumar, D., Mishra, S. K., 

Yadav, G., Roy, M. S., & Prajapti, L. (2023). 

Efficacy of Dry Needling Versus Transcutaneous 

Electrical Nerve Stimulation in Patients With Neck 

Pain Due to Myofascial Trigger Points: A 

Randomized Controlled Trial. Cureus.  

Bernal‐Utrera, C., Anarte‐Lazo, E., González-

Gerez, J. J., Saavedra-Hernández, M., De-La-

Barrera-Aranda, E., Serrera-Figallo, M., González-

Martín, M., & Rodríguez‐Blanco, C. (2021). Effect 

of Combined Manual Therapy and Therapeutic 

Exercise Protocols on the Postural Stability of 

Patients with Non-Specific Chronic Neck Pain. A 

Secondary Analysis of Randomized Controlled 

Trial. Journal of Clinical Medicine, 11(1), 84.  

Caldo, D., Bologna, S., Conte, L., Amin, M. S., 

Anselma, L., Basile, V., Hossain, Md. M., Mazzei, 

A., Heritier, P., Ferracini, R., Kon, E., & Nunzio, G. 

D. (2023). Machine learning algorithms distinguish 

discrete digital emotional fingerprints for web pages 

related to back pain. Scientific Reports, 13(1).  

Che, X., Brydges, C. R., Yu, Y., Price, A., Joshi, S., 

Roy, A., Lee, B., Barupal, D. K., Cheng, A. M., 

Palmer, D. M., Levine, S., Peterson, D. L., Vernon, 

S. D., Bateman, L., Hornig, M., Montoya, J. G., 

Komaroff, A. L., Fiehn, O., & Lipkin, W. I. (2021). 

Evidence for Peroxisomal Dysfunction and 

Dysregulation of the CDP-Choline Pathway in 

Myalgic Encephalomyelitis/Chronic Fatigue 

Syndrome. medRxiv (Cold Spring Harbor 

Laboratory).  

Contreras-Hernandez, I., Falla, D., & Martinez‐

Valdes, E. (2022). Neuromuscular and structural 

tendon adaptations after 6 weeks of either concentric 

or eccentric exercise in individuals with non-

insertional Achilles tendinopathy: protocol for a 

randomised controlled trial. BMJ Open, 12(7).  

Deer, T. R., Eldabe, S., Falowski, S., Huntoon, M. 

A., Staats, P. S., Cassar, I. R., Crosby, N. D., & 

Boggs, J. W. (2021). Peripherally Induced 

Reconditioning of the Central Nervous System: A 

Proposed Mechanistic Theory for Sustained Relief 

of Chronic Pain with Percutaneous Peripheral Nerve 

Stimulation [Review of Peripherally Induced 

Reconditioning of the Central Nervous System: A 

Proposed Mechanistic Theory for Sustained Relief 

of Chronic Pain with Percutaneous Peripheral Nerve 

Stimulation]. Journal of Pain Research, 721. Dove 

Medical Press.  

Dolgin, E. (2024). How a ‘pain-o-meter’ could 

improve treatments. Nature, 633(8031).  

Egede, J., Song, S., Olugbade, T., Wang, C., 

Williams, A. C. de C., Meng, H., Aung, M. H., Lane, 

N. D., Valstar, M., & Bianchi‐Berthouze, N. (2020). 

EMOPAIN Challenge 2020: Multimodal Pain 

Evaluation from Facial and Bodily Expressions. 

2021 16th IEEE International Conference on 



 Health and Medical Discoveries 

42 | P a g e  
 

Copyright©2025. This work is licensed under a Creative Common Attribution 4.0 International License.  (CC BY 4.0) 

SYNERGY EDUCATIONAL LEARNING INSTITUTE (SMC-PRIVATE) LIMITED  

Automatic Face and Gesture Recognition (FG 

2021), 849.  

Evans, M. C., Wade, C., Hohenschurz‐Schmidt, D., 

Lally, P., Ugwudike, A., Shah, K., Bangerter, N. K., 

Sharp, D., & Rice, A. S. C. (2021). Magnetic 

Resonance Imaging as a Biomarker in Diabetic and 

HIV-Associated Peripheral Neuropathy: A 

Systematic Review-Based Narrative [Review of 

Magnetic Resonance Imaging as a Biomarker in 

Diabetic and HIV-Associated Peripheral 

Neuropathy: A Systematic Review-Based 

Narrative]. Frontiers in Neuroscience, 15. Frontiers 

Media.  

Finn, R. (2024). Myofascial Trigger Point Therapy. 

In CRC Press eBooks (p. 214). Informa.  

Fleming, A., Stafford, N., Huang, S., Hu, X., Ferris, 

D. P., & Huang, H. (2021). Myoelectric control of 

robotic lower limb prostheses: a review of 

electromyography interfaces, control paradigms, 

challenges and future directions [Review of 

Myoelectric control of robotic lower limb 

prostheses: a review of electromyography 

interfaces, control paradigms, challenges and future 

directions]. Journal of Neural Engineering, 18(4), 

41004. IOP Publishing. 

García‐Domínguez, M. (2024). Chronic pain in the 

elderly: Exploring cellular and molecular 

mechanisms and therapeutic perspectives [Review 

of Chronic pain in the elderly: Exploring cellular 

and molecular mechanisms and therapeutic 

perspectives]. Frontiers in Aging, 5. Frontiers 

Media.  

Grinberg, K., Sela, Y., & Nissanholtz‐Gannot, R. 

(2020). New Insights about Chronic Pelvic Pain 

Syndrome (CPPS) [Review of New Insights about 

Chronic Pelvic Pain Syndrome (CPPS)]. 

International Journal of Environmental Research 

and Public Health, 17(9), 3005. Multidisciplinary 

Digital Publishing Institute.  

Jain, D., Patil, D., & Phansopkar, P. (2021). Effect 

of Muscle Energy Technique in Patient with Chronic 

Neck Pain- A Case Report. Journal of 

Pharmaceutical Research International, 124.  

Kondo, M., & Shibuta, I. (2020). Extracellular 

signal-regulated kinases (ERK) 1 and 2 as a key 

molecule in pain research [Review of Extracellular 

signal-regulated kinases (ERK) 1 and 2 as a key 

molecule in pain research]. Journal of Oral Science, 

62(2), 147. Nihon University.  

Manzotti, A., Viganoni, C., Lauritano, D., 

Bernasconi, S., Paparo, A., Risso, R., & Nanussi, A. 

(2020). Evaluation of the Stomatognathic System 

before and after Osteopathic Manipulative 

Treatment in 120 Healthy People by Using Surface 

Electromyography. International Journal of 

Environmental Research and Public Health, 17(9), 

3250.  

Pacheco-Carroza, E. A. (2021). Visceral pain, 

mechanisms, and implications in musculoskeletal 

clinical practice. Medical Hypotheses, 153, 110624.  

Pires, A. S., Heng, B., Tan, V., Latini, A., Russo, M., 

Santarelli, D. M., Bailey, D., Wynne, K., O’Brien, J. 

A., Guillemin, G. J., & Austin, P. J. (2020). 

Kynurenine, Tetrahydrobiopterin, and Cytokine 

Inflammatory Biomarkers in Individuals Affected 

by Diabetic Neuropathic Pain. Frontiers in 

Neuroscience, 14.  

Qu, N., Tian, H., Martino, E. D., & Zhang, B. 

(2022). Neck Pain: Do We Know Enough About the 

Sensorimotor Control System? [Review of Neck 

Pain: Do We Know Enough About the Sensorimotor 

Control System?]. Frontiers in Computational 

Neuroscience, 16. Frontiers Media.  



 Health and Medical Discoveries 

43 | P a g e  
 

Copyright©2025. This work is licensed under a Creative Common Attribution 4.0 International License.  (CC BY 4.0) 

SYNERGY EDUCATIONAL LEARNING INSTITUTE (SMC-PRIVATE) LIMITED  

Rampazo, É. P., Andrade, A. L. M. de, Silva, V. R. 

da, Back, C. G. N., & Liebano, R. E. (2020). 

Photobiomodulation therapy and transcutaneous 

electrical nerve stimulation on chronic neck pain 

patients. Medicine, 99(8).  

Rocca, M. A., Harrer, J. U., & Filippi, M. (2020, 

January 22). Are machine learning approaches the 

future to study patients with migraine? In Neurology 

(Vol. 94, Issue 7, p. 291). Lippincott Williams & 

Wilkins.  

Shainshein, D., Shenkman, L., Khashan, A., 

Bennun, M., & Fine, I. (2020). Assessing Pain in a 

Noninvasive Manner by Measuring Changes in the 

Microcirculation. bioRxiv (Cold Spring Harbor 

Laboratory).  

Silva, P., Lizardo, F. B., Fidales, T., Amorim, C. F., 

Júnior, R. B., & Silva, D. A. (2021). Eletromiografia 

de Superfície aplicada na prevenção de lesões 

lombares em diferentes áreas ocupacionais: uma 

revisão de literatura.  

Strandberg, K., Ayoglu, B., Roos, A., Reza, M., 

Niks, E., Signorelli, M., Fasterius, E., Pontén, F., 

Lochmüller, H., Domingos, J., Ala, P., Muntoni, F., 

Aartsma‐Rus, A., Spitali, P., Nilsson, P., & 

Szigyarto, C. A. (2020). Blood-derived biomarkers 

correlate with clinical progression in Duchenne 

muscular dystrophy. Journal of Neuromuscular 

Diseases, 7(3), 231.  

Teodorczyk-Injeyan, J. A., Triano, J. J., Gringmuth, 

R., DeGraauw, C., Chow, A., & Injeyan, H. S. 

(2021). Effects of spinal manipulative therapy on 

inflammatory mediators in patients with non-

specific low back pain: a non-randomized controlled 

clinical trial. Chiropractic & Manual Therapies, 

29(1).  

Twohig, H., Mitchell, C., Mallen, C., & Müller, S. 

(2022). Development and psychometric evaluation 

of the PMR-Impact Scale: a new patient reported 

outcome measure for polymyalgia rheumatica. Lara 

D. Veeken, 62(2), 758.  

Xu, X., & Huang, Y. (2020). Objective Pain 

Assessment: a Key for the Management of Chronic 

Pain. F1000Research, 9, 35.  

Yu, W., Fei, W., Mengru, C., Yang, T., & Chen, G. 

(2021). The cellular mechanism by which the rostral 

ventromedial medulla acts on the spinal cord during 

chronic pain. Reviews in the Neurosciences, 32(5), 

545.  

Zoete, R. M. J. de, Stanwell, P., Weber, K. A., & 

Snodgrass, S. J. (2022). Differences in Structural 

Brain Characteristics Between Individuals with 

Chronic Nonspecific Neck Pain and Asymptomatic 

Controls: A Case–Control Study. Journal of Pain 

Research, 521. 


