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The purpose of this document is to present research and publica-
tions regarding EGZOTech devices and their technologies. They were 
developed by EGZOTech employees or outsourced for development. 
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3
List of publications

3.1. Luna EMG
3.1.1. Assessment of Muscle Fatigue, Strength and Muscle 
Activation During Exercises with the Usage of Robot Luna 
EMG, Among Patients with Multiple Sclerosis.

Goal:
The main goal of the study was to create and test a special protocol, 
using innovative device, such as Luna EMG, to assess fatigue and oth-
er related factors among patients with multiple sclerosis.

Conclusion:
Technologies can provide valid, reliable and sensitive assessment tools 
that, when used alongside clinical measures, can inform clinical de-
cision-making and provide richer data on patient outcomes. There is 
now a clear need for guidelines for clinicians and researchers to op-
timize technology-based assessment and application of clinical mea-
sures and procedures.

Cit.: 

Stańczyk, K., Poświata, A., Roksela, A., Mikulski, M. (2019). Assessment of Muscle Fatigue, Strength 
and Muscle Activation During Exercises with the Usage of Robot Luna EMG, Among Patients with 
Multiple Sclerosis. In: Pietka, E., Badura, P., Kawa, J., Wieclawek, W. (eds) Information Technology 
in Biomedicine. ITIB 2019. Advances in Intelligent Systems and Computing, vol 1011. Springer, Cham.

https://link.springer.com/chapter/10.1007/978-3-030-23762-2_11

https://link.springer.com/chapter/10.1007/978-3-030-23762-2_11


5

3
List of publications

3.1.2. The Influence of EMG-Triggered Robotic Movement 
on Walking, Muscle Force and Spasticity after an Ischemic 
Stroke.

Goal:
The aim of the study was to determine the effect of electromyograph-
ic triggering (EMG-triggered) robotic rehabilitation device treatment 
on walking, muscle force, and spasticity after an ischemic stroke.

Conclusion:
Using EMG triggered therapy in rehabilitation of stroke patients pro-
vides a possibility to learn how to use these preserved pathways. Af-
ter a treatment, a patient is able to better control the muscle tone. 
This accelerates the motor function recovery, which allows for regain-
ing the functional efficiency after a stroke.

Cit.: 

Lewandowska-Sroka, Patrycja, Rafał Stabrawa, Dominika Kozak, Anna Poświata, Barbara  
Łysoń-Uklańska, Katarzyna Bienias, Anna Roksela, Marcin Kliś, and Michał Mikulski. The influ-
ence of EMG-triggered robotic movement on walking, muscle force and spasticity after an ische-
mic stroke. Medicina 57, no. 3 (2021): 227

https://www.mdpi.com/1648-9144/57/3/227

https://www.mdpi.com/1648-9144/57/3/227
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3.1.3. The Relationship between the Static and Dynamic 
Balance of the Body, the Influence of Eyesight and Muscle 
Tension in the Cervical Spine in CAA Patients—A Pilot Study.

Goal:
The aim of the study was to assess the ability to maintain static and 
dynamic balance of the body and the distribution of muscle tension 
in the cervical spine, depending on the eye control, in CAA patients 
and healthy volunteers.

Conclusion:
The Luna EMG rehabilitation device was used to assess muscle tone. 
Eyesight plays an important role in controlling the balance. especial-
ly in healthy. The more functional deficits the more difficult it is to re-
store balance also with eye control.

Cit.: 

Olczak, A.; Truszczyńska-Baszak, A.; Gniadek-Olejniczak, K. The Relationship between the Sta-
tic and Dynamic Balance of the Body, the Influence of Eyesight and Muscle Tension in the Cervical 
Spine in CAA Patients—A Pilot Study. Diagnostics 2021, 11, 2036.

https://www.mdpi.com/2075-4418/11/11/2036

https://www.mdpi.com/2075-4418/11/11/2036
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3.1.4. Influence of the Passive Stabilization of the Trunk 
and Upper Limb on selected Parameters of the Hand Motor 
Coordination, Grip Strength and Muscle Tension, in Post-
Stroke Patients.

Goal:
The aim of the study was to evaluate the influence of the stable po-
sition of the trunk and upper limb on the parameters of hand and 
wrist movement coordination, grip strength and muscle tension in 
subacute post-stroke patients compared to healthy subjects. The aim
of the study was also to evaluate the parameters of the affected up-
per limb depending on whether the examined limb was dominant or 
non-dominant.

Conclusion:
Study found that passive stabilization of the shoulder in addition to 
the trunk during stroke rehabilitation is important to restore the cor-
rect movement pattern and regain function of the hand.

Cit.: 

Olczak A, Truszczyńska-Baszak A. Influence of the Passive Stabilization of the Trunk and Upper 
Limb on Selected Parameters of the Hand Motor Coordination, Grip Strength and Muscle Tension, 
in Post-Stroke Patients. J Clin Med. 2021 May 29;10(11):2402.

https://www.mdpi.com/2077-0383/10/11/2402

https://www.mdpi.com/2077-0383/10/11/2402
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3.1.5. A Reliability of Active and Passive Knee Joint Position 
Sense Assessment using the Luna EMG Rehabilitation Robot.

Goal:
The aim of the study was to determine the reliability of active and pas-
sive JPS assessment in the knee joint using the Luna EMG rehabilita-
tion robot. As the second aim, this study is the first to assess wheth-
er examining only the dominant limb is justified and if there are any 
between-limb differences in either active or passive modes.

Conclusion:
Luna EMG rehabilitation robot is a reliable tool for JPS assessment in 
both knee flexion and extension, in active and passive modes as well 
on the right as on the left sides.

Cit.: 

Oleksy, Ł.; Królikowska, A.; Mika, A.; Reichert, P.; Kentel, M.; Kentel, M.; Poświata, A.; Roksela, 
A.; Kozak, D.; Bienias, K.; et al. A Reliability of Active and Passive Knee Joint Position Sense Assess-
ment Using the Luna EMG Rehabilitation Robot. Int. J. Environ. Res. Public Health 2022, 19, 15885.

https://www.mdpi.com/1660-4601/19/23/15885

https://www.mdpi.com/1660-4601/19/23/15885
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3.1.6. Importance of core stability for coordinated move-
ment of the human body in stroke rehabilitation.

Goal:
The aim of the study was to examine the effect of core stability on pa-
rameters of coordinated movement of the trunk and lower extremi-
ties in post-stroke rehabilitation.

Conclusion:
Muscle tensions were generally lower in post-stroke patients com-
pared to those with lower back pain syndrome but active abdominal 
tension muscles caused the increase of core stability and alter the 
trunk movement path, and improves gait and range of movement. 
Core stability training during stroke rehabilitation may help patients 
to achieve a higher level of coordinated movement.

Cit.: 

Anna Olczak (2022) Importance of core stability for coordinated movement of the human body in stro-
ke rehabilitation, Neurological Research, 44:1, 7-13

https://www.tandfonline.com/doi/abs/10.1080/01616412.2021.1950952?journalCode=yner20

https://www.tandfonline.com/doi/abs/10.1080/01616412.2021.1950952?journalCode=yner20
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3.1.7. Application of an EMG-Rehabilitation Robot in Patients 
with Post-Coronavirus Fatigue Syndrome (COVID-19)—A Fea-
sibility Study.

Goal:
The aim of the study was to assess the safety and feasibility of the 
use of an EMG-Rehabilitation Robot in exercises performed by Post-
COVID patients with PVF.

Conclusion:
The study demonstrated that implementing an EMG robot-rehabili-
tation protocol in PVF patients is feasible and safe. In this pilot study, 
the feasibility of the concept of using the EMG—rehabilitation robot 
in exercises for patients with PVF syndrome was verified positively.

Cit.: 

Zasadzka E, Tobis S, Trzmiel T, Marchewka R, Kozak D, Roksela A, Pieczyńska A, Hojan K. Ap-
plication of an EMG-Rehabilitation Robot in Patients with Post-Coronavirus Fatigue Syndrome (CO-
VID-19)-A Feasibility Study. Int J Environ Res Public Health. 2022 Aug 20;19(16):10398.

https://www.mdpi.com/1660-4601/19/16/10398

https://www.mdpi.com/1660-4601/19/16/10398
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3.1.8. The Effect of Using a Rehabilitation Robot for Pa-
tients with Post-Coronavirus Disease (COVID-19) Fatigue 
Syndrome.

Goal:
The aim of this study was to compare the effectiveness of tradition-
al neurological rehabilitation against neurological rehabilitation com-
bined with a rehabilitation robot for patients with post-COVID-19 fa-
tigue syndrome.

Conclusion:
In light of the results of the present study, implementing EMG-driven 
robots in the rehabilitation of post-COVID-19 fatigue syndrome pa-
tients is effective. Substituting a part of traditional rehabilitation with 
robotic rehabilitation did not negatively alter rehabilitation outcomes. 
Our results indicate that the implementation of robotic rehabilitation 
for patients with post-coronavirus fatigue syndrome in rehabilitation 
programs can be supported.

Cit.: 

Trzmiel, T.; Marchewka, R.; Pieczyńska, A.; Zasadzka, E.; Zubrycki, I.; Kozak, D.; Mikulski, M.; 
Poświata, A.; Tobis, S.; Hojan, K. The Effect of Using a Rehabilitation Robot for Patients with Po-
st-Coronavirus Disease (COVID-19) Fatigue Syndrome. Sensors 2023, 23, 8120.

https://www.mdpi.com/1424-8220/23/19/8120

https://www.mdpi.com/1424-8220/23/19/8120
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3.1.9. Evaluation of Neurological Disorders in Isokinetic Dy-
namometry and Surface Electromyography Activity of Bi-
ceps and Triceps Muscles.

Goal:
Study is concerned with the evaluation of the applicability and reli-
ability of these two measurement techniques, based on analysis of 
elbow flexion and extension supported by the Luna EMG rehabilita-
tion robot, aimed at the evaluation of the activity of the biceps and 
triceps muscles.

Conclusion:
Study has highlighted the promise and challenges of using the isoki-
netic dynamometry and surface electromyography test to evaluate 
muscle strength and activity. Isokinetic testing with a rehabilitation 
robot, facilitating both types of measurements is recommended to 
provide outcome measures for the progress evaluation of neurolog-
ical disorders, valuable for clinicians.

Cit.: 

Roksela, A.; Poświata, A.; Śmieja, J.; Kozak, D.; Bienias, K.; Ślaga, J.; Mikulski, M. Evaluation of 
Neurological Disorders in Isokinetic Dynamometry and Surface Electromyography Activity of Bi-
ceps and Triceps Muscles. In: Strumiłło, P., Klepaczko, A., Strzelecki, M., Bociąga, D. (eds) The 
Latest Developments and Challenges in Biomedical Engineering. PCBEE 2023. Lecture Notes in 
Networks and Systems, vol 746. Springer, Cham. https://doi.org/10.1007/978-3-031-38430-1_25

https://link.springer.com/chapter/10.1007/978-3-031-38430-1_25#citeas

https://link.springer.com/chapter/10.1007/978-3-031-38430-1_25#citeas
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3.1.10. The impact of training with the Luna EMG usage on 
muscle activity, balance and selected gait parameters of 
patients after ischemic stroke.

Goal:
The aim of the study was to assess the impact of affected lower limb 
training using the Luna EMG on muscle activity, balance and gait speed 
of patients after ischemic stroke.

Conclusion:
The addition of the affected lower limb training using reactive elec-
tromyography, with the Luna EMG, to the commonly used rehabilita-
tion program, allows to obtain significant functional improvement in 
patients after ischemic stroke.  The usage of innovative technology 
in the commonly used rehabilitation program for patients after isch-
emic stroke allows to achieve effective therapy, with less physical bur-
den on the physiotherapist.

Cit.: 

Sihinkiewicz I. The impact of training with the Luna EMG usage on muscle activity, balance 
and selected gait parameters of patients after ischemic stroke [doctoral dissertation]. Kraków:  
Bronisław Czech University of Physical Education in Kraków; 2023. Supervisor: Prof. Joanna 
Golec, PhD. Assistant Supervisor: Dr. Rafał Stabrawa.

https://bip.awf.krakow.pl/attachments/article/1771/Sihinkiewicz%20poprawione.pdf

https://bip.awf.krakow.pl/attachments/article/1771/Sihinkiewicz%20poprawione.pdf
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3.1.11. Systematic Review of EMG-Driven Robots in Lower 
Extremity Post-Stroke Rehabilitation.

Goal:
The aim of this review was to investigate the current literature on the 
effectiveness of EMG-driven robots for gait management in the phys-
iotherapy treatment of stroke patients. The research question was: “In 
adult poststroke hemiparetic patients, what is the effect of EMG-driv-
en robots on gait rehabilitation compared to conventional physiother-
apy training (CPT)?”.

Conclusion:
In summary, no relevant conclusion can be drawn about the effective-
ness of EMG-driven robots alone for post-stroke patients’ gait in com-
parison with conventional physiotherapy training, but it seems that a 
mixed approach combining both of them could be the most beneficial.

Cit.: 

Frentz, L, Gallou, W, Gran, A, Jerome, I, Leclercq, C, Kiper, A. Systematic Review of EMG-Driven 
Robots in Lower Extremity Post-Stroke Rehabilitation. Sport i Turystyka. Środkowoeuropejskie Cza-
sopismo Naukowe, 6(3), 119–131. (2023).

https://czasopisma.ujd.edu.pl/index.php/sport/article/view/1897

https://czasopisma.ujd.edu.pl/index.php/sport/article/view/1897
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3.1.12. Evaluation of Reliability of the Luna EMG Rehabili-
tation Robot to Assess Proprioception in the Upper Limbs 
in 102 Healthy Young Adults.

Goal:
The study aimed to examine external and internal compliance (ie, in-
ter- and intrarater reliability) of the Luna EMG multifunction robotic 
device as a tool to assess upper-limb proprioception.

Conclusion:
The Luna EMG multifunction robotic device is a reliable tool in the 
evaluation of upper-limb proprioception. Measurements made with 
the Luna EMG show high internal and external consistency in assess-
ment of the proprioceptive senses of the upper limbs in a group of 
102 healthy young adults.

Cit.: 

Leszczak, J.; Wolan-Nieroda, A.; Drużbicki, M.; Poświata, A.; Mikulski M.; Roksela, A.; Guzik A.  
Evaluation of Reliability of the Luna EMG Rehabilitation Robot to Assess Proprioception in the Up-
per Limbs in 102 Healthy Young Adults. Med Sci Monit, 2024; 30: e942439.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10775584/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10775584/
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3.1.13. Assessment of external and internal compliance of 
the Luna EMG robot as a tool for assessing upper limb pro-
prioception in people after stroke.

Goal:
The aim of the study was to assess the external and internal compli-
ance of the Luna EMG multifunctional robot as a tool for assessing 
upper limb proprioception in people after stroke.

Conclusion:
Measurements performed by the multifunctional Luna EMG robot 
demonstrate high internal and external compliance in the assessment 
of proprioceptive sense of the upper limb in people after stroke. Stud-
ies have shown that the diagnostic and rehabilitation robot is a reli-
able tool in assessing upper limb proprioception in people after stroke.

Cit.: 

Leszczak, J.; Pniak, B.; Poświata, A.; Roksela, A.; Mikulski, M.; Drużbicki, M.; Guzik A. Assess-
ment of external and internal compliance of the Luna EMG robot as a tool for assessing upper 
limb proprioception in people after stroke.European Journal of Clinical & Experimental Medicine, 
2024, p64

https://www.ejcem.ur.edu.pl/system/tdf/ejcem_konf_3_2024_0.pdf?file=1&type=no-
de&id=2338&force=

https://www.ejcem.ur.edu.pl/system/tdf/ejcem_konf_3_2024_0.pdf?file=1&type=node&id=2338&force=
https://www.ejcem.ur.edu.pl/system/tdf/ejcem_konf_3_2024_0.pdf?file=1&type=node&id=2338&force=
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3.1.14. Effectiveness of robotic rehabilitation in improving 
muscular strength and mobility in patients with multiple 
sclerosis.

Goal:
The aim of this study was to assess the effects of the LUNA-EMG re-
habilitation robot (RR) on muscular strength, balance, and gait in pa-
tients with multiple sclerosis (MS).

Conclusion:
The results of this study demonstrate that the use of the RR led to sig-
nificant improvements in muscular strength among MS patients, par-
ticularly in the quadriceps and hamstring muscles. However, no sig-
nificant differences were observed in balance, gait, quality of life, or 
proprioception between the RR group and the control group. These 
findings suggest that robot-assisted rehabilitation, as facilitated by 
the LUNA-EMG robot, holds promise as a method for enhancing mus-
cular strength in MS patients. Further research with a larger sample 
size is warranted to confirm these findings and to explore addition-
al outcomes.

Cit.: 

Houlmont, F; Cassol, H; Maertens de Noordhout, B Thibaut, A. ; Roncins, J.; Guillaume, D.; 
Maillard, B.; Kaux, J-F. Effectiveness of robotic rehabilitation in improving muscular strength and 
mobility in patients with multiple sclerosis. 24th European Congress of Physical and Rehabilita-
tion Medicine - ESPRM, 2024.

https://orbi.uliege.be/handle/2268/316661

https://orbi.uliege.be/handle/2268/316661
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3.1.15. LUNA EMG as a Marker of Adherence to Prehabilita-
tion Programs and Its Effect on Postoperative Outcomes 
among Patients Undergoing Cytoreductive Surgery for 
Ovarian Cancer and Suspected Ovarian Tumors.

Goal:
The aim of the study is to assess the impact of multimodal prepara-
tion in the prehabilitation protocol on the incidence of postoperative 
complications and duration of hospitalization after surgery among 
women scheduled for cytoreductive surgery due to advanced-stage 
ovarian cancer. The second aim is to evaluate if LUNA EMG might 
serve as a useful tool to assess patient compliance with a prehabili-
tation protocol.

Conclusion:
The prehabilitation program proposed in this study improves mus-
cle strength and physical performance, which reduces the number of 
postoperative complications and shortens the length of hospital stays. 
Testing muscle tension with the LUNA EMG device can be a useful tool 
for monitoring the progress of physical preparation.

Cit.: 

Zębalski, MA, Parysek K, Krzywoń, A, Nowosielski K. LUNA EMG as a Marker of Adherence to Pre-
habilitation Programs and Its Effect on Postoperative Outcomes among Patients Undergoing Cyto-
reductive Surgery for Ovarian Cancer and Suspected Ovarian Tumors. Cancers 2024, 16(14), 2493;

https://www.mdpi.com/2072-6694/16/14/2493

https://www.mdpi.com/2072-6694/16/14/2493
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3.1.16. Surface electromyography vs clinical outcome mea-
sures after robot-assisted gait training in patients with 
spinal cord injury after post-acute phase of rehabilitation.

Goal:
The aim of the study was to evaluate the usefulness of sEMG for out-
come measures in patients with subacute SCI who underwent RAGT, 
compared with those who underwent DPT. A secondary aim was to 
correlate sEMG changes with clinical status, as tested using function-
al scales (including spasticity) and muscle strength testing.

Conclusion:
sEMG may be a valuable addition to the basic examination of patients 
following SCI (functional and neurological scales). However, muscle fa-
tigue, which is observed in patients with SCI after DPT more than after 
RAGT, may pose a challenge to conducting the sEMG test. Knee joint 
kinematics is an important parameter for evaluating patients under-
going RAGT which has the potential to alleviate spasticity in patients 
with incomplete SCI.

Cit.: 

Korczyński, B, Frasuńska, J, Poświata, A, Siemianowicz, A, Mikulski, M, Tarnacka, B. Surface 
electromyography vs clinical outcome measures after robot-assisted gait training in patients with 
spinal cord injury after post-acute phase of rehabilitation. Ann Agric Environ Med. 2024

https://www.aaem.pl/Surface-electromyography-vs-clinical-outcome-measures-after-ro-
bot-assisted-gait-training,189609,0,2.html

https://www.aaem.pl/Surface-electromyography-vs-clinical-outcome-measures-after-robot-assisted-gait-training,189609,0,2.html
https://www.aaem.pl/Surface-electromyography-vs-clinical-outcome-measures-after-robot-assisted-gait-training,189609,0,2.html
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Cit.: 

Stemmler, S. EMG – Blick in die Muskulatur mit Hilfe von Elektromyographie. Knie J. (2023)

https://link.springer.com/article/10.1007/s43205-023-00238-3

3.2. Stella BIO
3.2.1. EMG – look into the muscles with the help of electro-
myography.

Goal:
An article on the use of electromyography in therapy and assessment 
of muscle function in patients. Benefits of modern solutions in therapy.

Conclusion:
Therapy currently poses greater challenges than ever – a targeted, eco-
nomic and effective approach to therapy is essential. EMG helps to 
remain objective when assessing and recheck treatment approaches 
on effectiveness. Automatized and standardised reports make com-
parison of parameters among different stages of Rehabilitation easier.

https://link.springer.com/article/10.1007/s43205-023-00238-3
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Cit.: 

Smolinski, M.; Mikulski, M.; Śmieja, J. (2024). EMG Mapping Technique for Pinch Meter Robot 
Extension. In: Strumiłło, P., Klepaczko, A., Strzelecki, M., Bociąga, D. (eds) The Latest Develop-
ments and Challenges in Biomedical Engineering. PCBEE 2023. Lecture Notes in Networks and Sys-
tems, vol 746. Springer, Cham.

https://link.springer.com/chapter/10.1007/978-3-031-38430-1_26#citeas

3.2.2. EMG mapping technique for pinch meter robot ex-
tension.

Goal:
In this work authors concentrate on exercises consisting in using a 
key-type handle, aiming at improving gripping and turning motor skills. 
This type of a handle may represent various objects, such as a lock 
key, TV remote, a credit card, a fork, a medium-sized cup, a smart-
phone, a small or large plate.

Conclusion:
The proposed calibration workstation, consisting of a simple force 
measurement module with a trapezoidal grip overlay provides suffi-
cient hand contact for a scissor grip.

https://link.springer.com/chapter/10.1007/978-3-031-38430-1_26#citeas
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Cit.: 

Grzejszczak, T.; Roksela, A.; Poświata, A.; Siemianowicz, A.; Kiełboń, A.; Mikulski, M. Surface 
Electromyography Data Analysis for Evaluation of Physical Exercise Habits between Athletes and-
Non-Athletes during Indoor Rowing. Sensors 2024, 24, 1964.

https://www.mdpi.com/1424-8220/24/6/1964

3.2.3. Surface Electromyography Data Analysis for Eval-
uation of Physical Exercise Habits between Athletes and 
Non-Athletes during Indoor Rowing.

Goal:
The aim of this paper is to analyze surface electromyography (sEMG) 
data from the biceps and quadriceps during indoor rowing. It aims 
to identify performance parameters and common errors, distinguish 
between athletes and non-athletes, and recognize individuals with 
sports potential. Ultimately, the study seeks to provide insights into 
muscle activation patterns for improved coaching and training rec-
ommendations.

Conclusion:
The conclusion of this research highlights the effectiveness of mea-
suring individual sports activities and identifies key findings: profes-
sionals outperform amateurs, fatigue affects muscle strength over 
time, and the research offers a method for quantifying these phe-
nomena. By utilizing muscle activation times and local extrema posi-
tions, along with indicators of fatigue such as changes in cycle ampli-
tude and time, this study provides valuable insights for coaching and 
training recommendations during exercise. 

https://www.mdpi.com/1424-8220/24/6/1964
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