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A common clinical shoulder problem is frozen shoulder. The degree of shoulder joint movement must be measured as part of the 

rehabilitation procedure. These assessments can be used to assess the severity of a patient's disease, set rehabilitation goals, and determine 

the appropriate level of activity difficulty, as well as comprehend the rehabilitation's impacts. In the healthcare industry, robots are rapidly 

being used; as they are in many other industries, Specifically for hospital logistics support, surgery, and rehabilitation. Because rehabilitation 

affects millions of individuals all around the world, there has been steady growth in the rehabilitation robotics sector over the last decade, 

with the advent of new technology aimed at overcoming the different challenges that this industry faces. A model is proposed in this study 

for identifying movements produced during frozen shoulder rehabilitation activities. The model is made up of wearable wireless sensor 

network (WSN) inertial sensor nodes that were built particularly for this investigation and enable for the identification of inertial sensor 

nodes of physiological movements anywhere. We describe current robotic systems for shoulder rehabilitation in this work, with an emphasis 

on indicators and further emerging technologies that, when used with robots, can enhance the advantages of rehabilitation for regaining 

shoulder function.  
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INTRODUCTION 

Using robotic technology, therapeutic activities led by a therapist who manipulates the body of a patient, traditional 

rehabilitation aims to regain motor function. In both neurological and orthopaedic patients, early and consistent therapy can 

significantly enhance long-term shoulder mobility. These devices can help patients repetitive practise allows you to limb 

movements that have been pre-programed and build associated sensory-motor abilities by providing external assistive support 

to the human body. This might permit the patient to prolong their workouts while also giving a measurable aim of consistency, 

which is difficult to obtain with traditional physiotherapy(1). 

Frozen Shoulder- 

Frozen shoulder is a phrase that describes shoulder mobility impairment due to damage to the shoulder capsule and soft tissues, 

causes this condition. In clinical practise, frozen shoulder is a usual shoulder issues patient faces. This ailment is characterised 

by a limitations of active or passive joint movements, stiffness, discomfort, and a decrease of shoulder muscle mass and 

strength(2). 
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Frozen shoulder affects between 2% and 5% of people in the general population. This illness primarily affects adults between 

the ages of 40 and 65, with women experiencing it at a greater rate than men (58:42)(3). Frozen shoulder is a unique syndrome 

with a natural history of spontaneous resolution that necessitates treatment that is separate from rotator cuff tears or 

osteoarthritis, among other shoulder ailments(4). 

Potential applications of robotics in Shoulder Rehabilitation 

SHOULDER PATHOLOGIES 

Orthopedic  Neurological 

Instability Paralysis/paresis 

Conservative Post stroke  

Postoperative Post traumatic brain injuries 

Stiff shoulder Peripheral nervous system injuries 

Idiopatic  

Postoperative  

Post traumatic  

Anthroplasty  Degerative diseases of the central nervous 

system  

Rotator cuff tears  Muscular dystrophies 

Other tendon or Muscle ruptures pectoralis major Deltoid  
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Sensor Technology: 

By giving external assistive assistance to the human body, these devices can help patients limbs that have been pre-programmed 

motions and build corresponding sensory-motor coordination through recurrent practises. This might help the patient to prolong 

their workouts while also giving an objective measure of consistency, which is difficult to do with traditional physiotherapy(5). 

Wearable IMU-based sensor- 

 

Inertial measurement units (IMUs) are employed to determine a physical object's movement direction and orientation. The 

wireless IMU (WIMU) sensor was presented as a wearable sensor that incorporates wireless transmission technology, and its 

uses in motor rehabilitation have expanded(6). Accelerometers gyroscopes were among the 6-axis microelectromechanical 

systems employed in the IMU-based sensors. These sensors gather information on the afflicted shoulder's angular motion. 

Shoulder angular measurements necessitate the use of three sensors. (7). The study's main constraints were the size, weight, 

and "wearability" of the wireless IMU sensor gear, all of which impact the desire for individuals application of the system. The 

accuracy and speed of transmission through wireless sensors can have a direct impact on the sensitivity of the user's interactions 

with the guiding system, and hence on the user's perceptions indirectly. This system's guiding software is incapable of giving 

patients with the support and trust have psychological characteristics that can only be provided by a true therapist(5). 

Robotic rehabilitation systems may be classed or analysed from a variety of perspectives. Robots can be designed to aid patients 

in a variety of ways, depending on the control strategy:  i) Passive: the patient's arm is moved by the robot; ii) active unassisted: 

the subject performs the exercise with no assistance from the robot; iii) active assisted: When the individual tries to proceed, 

the robot aids when the voluntary motions are insufficient; iv) resistive: When the individual tries to move, the robot aids when 

the voluntary motions are insufficient. 

Robots may be classed into at least three types based on their mechanical characteristics: a) exoskeletons, b) end-effectors (also 

known as "operational type machines" or "manipulators"), and c) cable-driven(1). 

a) Exoskeleton- 

In recent years, exoskeleton-assisted rehabilitation has grown in popularity, and the employment of exoskeletons have proven 

a significant success in the realm of rehabilitation. Exoskeletons enhance therapy by providing a consistent training 

environment, adjustable support, and the ability to increase treatment intensity and dose while reducing physical strain on 

therapists. Rehabilitation using an exoskeleton methods allow patients to increase their number of motions, while also including 

safe and rigorous rehabilitation activities and allowing the patient's motions to be objectively assessed. As a result, rehabilitation 

exoskeletons are an excellent approach to enhance standard clinic therapy while also allowing patients to continue using simpler 

and more portable technologies, therapy and care may be provided at home(8-24). 

b) End Effectors- 

End-effector robots limit patient-machine contact to a single location on the forearm or hand of the patient. They don't require 

much in the way of patient size and morphology adjustment, but they clearly don't regulate all upper limb DOFs, mostly those 

involving the shoulder joint and shoulder girdle(1). 
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c) Cable Driven- 

Various wires operated separately by different motors support and parallel manipulators that are cable-based or cable-driven 

can manipulate the patient's arm. External connections link cables having a fixed frame and an end-effector. It is possible to 

move the end-effector by adjusting the length of the cable while ensuring that none of the cables get slack. Because these 

systems just include wires and end-effectors, they have a little moving mass, the structures are modular and have excellent 

inertial properties. They are also simple to transport, have a cheap cost, and need little maintenance, all of which are important 

attributes for commercial use. Wires' physical properties, which allow them to only pull and not push, is one significant 

disadvantage. They also make a comparison between the human shoulder and a more basic machine-like spherical joint with 

three degrees of freedom, with no control over the shoulder joint or shoulder girdle(25-35). 

Robotic Rehabilitation- 

The pace, residual voluntary activity's direction and strength can be measured with robotic shoulder mechanical devices, as 

well as interactively assess and help patients during a motor activity, they can move a limb along a predetermined path, but 

they lack knowledge on specific muscle activation and scapular compensatory motion control. Using rehabilitation robots with 

functional electrical stimulation (FES) to maximise the advantages of each treatment and broaden the range of impairments is 

becoming more common(36-40). 

Robots must offer appropriate input in order to help patients through sensory-motor rehabilitation training. Haptics is important 

because it allows the robot and the patient to communicate in both directions, which allows the brain to access the causal link 

in effort and error that is essential for motor learning. Patients can, for example, watch their motions while exercising in a 

virtual reality (VR) setting and in the virtual setting, strive to imitate the best motion patterns that are displayed in real life. By 

improving ambient diversity and promoting the subject's interest, VR can offset adaptation, avoid boredom, and so maintain 

attention(11). 

 

REFERENCES 
 

1. Robotics in shoulder rehabilitation - PMC [Internet]. [cited 2022 Apr 25]. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4187609/ 

2. Lin HC, Chiang SY, Lee K, Kan YC. An Activity Recognition Model Using Inertial Sensor Nodes in a Wireless Sensor Network for Frozen Shoulder 

Rehabilitation Exercises. Sensors. 2015 Jan;15(1):2181–204.  

3. Abdelhameed EH, Sato N, Morita Y. Neural network-based shoulder instability diagnosis modelling for robot-assisted rehabilitation systems. Syst Sci 

Control Eng. 2015 Jan;3(1):514–23.  

4. Dias R, Cutts S, Massoud S. Frozen shoulder. BMJ. 2005 Dec 15;331(7530):1453–6.  

5. Chiensriwimol N, Mongkolnam P, Chan JH. Frozen Shoulder Rehabilitation: Exercise Simulation and Usability Study. In: Proceedings of the Ninth 

International Symposium on Information and Communication Technology [Internet]. New York, NY, USA: Association for Computing Machinery; 
2018 [cited 2022 Apr 9]. p. 257–64. (SoICT 2018). Available from: https://doi.org/10.1145/3287921.3287951 

6. Chen YP, Lin CY, Tsai MJ, Chuang TY, Lee OKS. Wearable Motion Sensor Device to Facilitate Rehabilitation in Patients With Shoulder Adhesive 

Capsulitis: Pilot Study to Assess Feasibility. J Med Internet Res. 2020 Jul 23;22(7):e17032.  

7. Chellal AA, Lima J, Fernandes FP, Gonçalves J, Pacheco MF, Monteiro FC. Overview of Robotic Based System for Rehabilitation and Healthcare. In: 

Pereira AI, Fernandes FP, Coelho JP, Teixeira JP, Pacheco MF, Alves P, et al., editors. Optimization, Learning Algorithms and Applications. Cham: 
Springer International Publishing; 2021. p. 515–30.  

8. Sensors | Free Full-Text | Validation of a Hybrid Exoskeleton for Upper Limb Rehabilitation. A Preliminary Study | HTML [Internet]. [cited 2022 Apr 

25]. Available from: https://www.mdpi.com/1424-8220/21/21/7342/htm 

9. Rosati: Wire-based robots for upper-limb rehabilitation - Google Scholar [Internet]. [cited 2022 Apr 25]. Available from: 

https://scholar.google.com/scholar_lookup?journal=Int+J+Ass+Rob+Mech&title=Wire-
based+robots+for+upper+limb+rehabilitation&author=G+Rosati&author=P+Gallina&author=S+Masiero&volume=7&publication_year=2006&pages

=3-10& 

10. Brunetti F Garay A Moreno JC Pons JL Enhancing Functional... - Google Scholar [Internet]. [cited 2022 Apr 25]. Available from: 

https://scholar.google.com/scholar?q=Brunetti+F+Garay+A+Moreno+JC+Pons+JL+Enhancing+Functional+Electrical+Stimulation+(FES)+for+emerg

ing+rehabilitation+robotics+in+the+framework+of+HYPER+project+IEEE+International+Conference+on+Rehabilitation+Robotics+(ICORR)+2011+
1+6+ 

11. Ozkul: Evaluation of elbow joint proprioception with... - Google Scholar [Internet]. [cited 2022 Apr 25]. Available from: 

https://scholar.google.com/scholar_lookup?journal=Acta+Orthop+Traumatol+Turc&title=Evaluation+of+elbow+joint+proprioception+with+RehabRo
by:+a+pilot+study&author=F+Ozkul&author=DE+Barkana&author=SB+Demirbas&author=S+Inal&volume=46&publication_year=2012&pages=332

-338&pmid=23268817& 

12. Nirmal, Apoorva, Gajendra Agrawal, Sunil Kumar, Sourya Acharya, Akshay Dafal, and Dwivedi Bhushan. “Echocardiographic Assessment of Cardiac 

Function in Liver Cirrhosis: A Cross-Sectional Study.” JOURNAL OF CLINICAL AND DIAGNOSTIC RESEARCH, 2021. 

https://doi.org/10.7860/JCDR/2021/45792.14881. 

13. Nisargandha, Milind Abhimanyu, and Shweta Dadarao Parwe. “Evaluation of Spermatogenic Action in the Management of Oligospermia.” International 

Journal of Pharma and Bio Sciences 11, no. 2 (April 15, 2021): 218–23. https://doi.org/10.22376/ijpbs/lpr.2021.11.2.P218-223. 



Journal of Pharmaceutical Negative Results ¦ Volume 13 ¦ Special Issue 6 ¦ 2022 2974 

 

 

14. “[No Title Found].” INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES AND RESEARCH 12, no. 1 (n.d.). 

15. Padmane, Ekta, and Samruddhi Gujar. “Case Report on Hydatid Cysts with Hydropnemonothorax.” Journal of Pharmaceutical Research International, 

November 15, 2021, 1–5. https://doi.org/10.9734/jpri/2021/v33i50A33375. 

16. Padmawar, Shubham, Dr. Suhas Landge, Prateek Upadhyay, and Mitali Madhusmita. “A Functional and Radiological Outcome Analysis of Hip Forage 

Procedure, Done for Early Stages(Ficat and Arlet Grade 1 and 2A) of Avascular Necrosis of Head of Femur.” Journal of Pharmaceutical Research 

International, December 11, 2021, 97–105. https://doi.org/10.9734/jpri/2021/v33i54B33770. 

17. Palkrit, Sakshi, Waqar M. Naqvi, and Tasneem Burhani. “Physiotherapeutic Approach in Stress Urinary Incontinence with Prolapsed Uterus: A Case 

Report.” Journal of Pharmaceutical Research International, June 30, 2021, 54–59. https://doi.org/10.9734/jpri/2021/v33i34A31822. 

18. Panbude, Mahima Dipak, Mayuri Manikrao Paropate, Mansi Vinod Pande, Priyanka Dayaram Pal, Chatur Kamlakar Patil, and Ranjana Premnath 

Sharma. “Evaluation of Effectiveness of Information Booklet Regarding Self-Care among Patients Receiving Chemotherapy in Selected Hospitals of 

Wardha and Nagpur, India.” Journal of Evolution of Medical and Dental Sciences 10, no. 18 (May 3, 2021): 1329–33. 

https://doi.org/10.14260/jemds/2021/280. 

19. Pandey, Aishvarya. “Neuroligical Disorders Due To Malnourishments.” Bioscience Biotechnology Research Communications 14, no. 6 (June 15, 2021): 

45–48. https://doi.org/10.21786/bbrc/14.6.10. 

20. Pandey, Milind, Sunita Vagha, Raunak Kotecha, and Anchal Manchanda. “Primary Gastric Lymphoma (Diffuse Large B Cell Type).” Journal of 

Pharmaceutical Research International, July 13, 2021, 54–57. https://doi.org/10.9734/jpri/2021/v33i37A31979. 

21. Pandey, Milind, Sunita Vagha, Gaurav Mahajan, and Anchal Manchanda. “A Brief Study on Retroperitoneal Paraganglioma.” Journal of Pharmaceutical 

Research International, July 31, 2021, 64–66. https://doi.org/10.9734/jpri/2021/v33i39B32184. 

22. Pandey, Vidya Bhushan, Renu Bharat Rathi, Bharat Rathi, and Jitesh Verma. “Evaluation of Comparative Efficacy of Brahmi vs. Haritaki Extract in the 

Management of Academic Stress in Adolescent Students- A Prakriti Based Double-Blind Randomized Controlled Trial.” Journal of Pharmaceutical 

Research International, November 6, 2021, 159–69. https://doi.org/10.9734/jpri/2021/v33i48A33233. 

23. Pandya, Naman Kirit, and Utsav Umang Bhatt. “Inflammatory Myofibroblastic Tumor of Hard Palate: A Lesion of Extreme Rarity.” Pan African Medical 

Journal 38 (2021). https://doi.org/10.11604/pamj.2021.38.267.28236. 

24. Pandya, Naman Kirit, and Anendd Arroon Jadhav. “Descending Necrotising Fasciitis of Head and Neck Secondary to Insect Bite: Report of a Rare 

Case.” Pan African Medical Journal 38 (2021). https://doi.org/10.11604/pamj.2021.38.271.28594. 

25. Parate, Ashutosh, Vasant Gawande, Suvarn Gupta, Ankit Jaiwal, Ashwin Chavan, and Kunal Saoji. “A Comparative Study of Functional Outcome of 

Olecranon Fractures Managed with Tension Band Wiring Using K Wires with Tension Band Wiring Using Cancellous Screws Fixation.” Journal of 

Pharmaceutical Research International, July 15, 2021, 193–98. https://doi.org/10.9734/jpri/2021/v33i37A31996. 

26. Pardasani, Rajiv, and Sohan Lohiya. “Study of Changes in Corneal Thickness and Corneal Endothelial Cell Density after Phacoemulsification Cataract 

Surgery.” Journal of Evolution of Medical and Dental Sciences 10, no. 12 (March 22, 2021): 866–72. https://doi.org/10.14260/jemds/2021/187. 

27. Pardhekar, Ashvini Dineshrao, Sadhana Misar(Wajpeyi), and Vinod Ade. “Protocol on Comparative Clinical Efficacy of Tryushanadi Guggul and 

Navaka Guggul in Sthoulya (Overweight).” Journal of Pharmaceutical Research International, June 2, 2021, 169–75. 

https://doi.org/10.9734/jpri/2021/v33i30A31628. 

28. Parihar, Pratapsingh Hanumantsingh, and Sharvari Shashikant Gulve. “Mediastinal Extension of Pancreatic Pseudocyst – A Case Report.” Journal of 

Evolution of Medical and Dental Sciences 10, no. 5 (February 1, 2021): 316–18. https://doi.org/10.14260/jemds/2021/70. 

29. Parsodkar, Rucha P., Aliabbas A. Husain, Gargi D. Mudey, Lokendra R. Singh, and Rajpal S. Kashyap. “Diagnosis of Bacterial Meningitis and AMR 

Profile Using Molecular and Immunological Techniques.” Journal of Pharmaceutical Research International, July 22, 2021, 89–105. 

https://doi.org/10.9734/jpri/2021/v33i38A32063. 

30. Parveen, Sana, Shraddha Jain, Sunil Kumar, Sourya Acharya, and Dhruv Talwar. “Evolution of Middle Ear Modelling Techniques: A Review.” Cureus, 

December 30, 2021. https://doi.org/10.7759/cureus.20829. 

31. Parwe, Shweta, Poonam Ashtankar, Piyush Bhagwat, and Milind Nisargandha. “Study the Efficacy of Rodhradigana Vasti in the Management of Sthaulya 

(Overweight).” Journal of Pharmaceutical Research International, July 2, 2021, 158–66. https://doi.org/10.9734/jpri/2021/v33i34B31858. 

32. Parwe, Shweta, Sandip Jadhav, and Milind Nisargandha. “Comparative Clinical Trial on Aragwadha Erand and Trivrutta Eranda Nitya Virechana in 

Gridhrasi (Lumbago Sciatica Syndrome): A Study Protocol.” Journal of Pharmaceutical Research International, July 29, 2021, 68–74. 

https://doi.org/10.9734/jpri/2021/v33i39A32143. 

33. Parwe, Shweta, Manju Mohan, Piyush Bhagwat, and Milind Nisargandha. “Effect of Rodhradi Gana Udavartana in the Management of Sthaulya 

(Overweight) with Special Reference to Obesity.” International Journal of Pharma and Bio Sciences 11, no. 3 (May 4, 2021). 

https://doi.org/10.22376/ijpbs/lpr.2021.11.1.L30-37. 

34. Parwe, Shweta, Swati Tikale, Puja Shrivastav, and Milind Nisargandha. “A Critical Review on Formulations Used in the Management of Malavstambha 

(Constipation).” Journal of Pharmaceutical Research International, June 30, 2021, 92–100. https://doi.org/10.9734/jpri/2021/v33i34A31828. 

35. (Pate), Meenakshi Yeola, Kushagra Singh, Darshana Tote, Azeem Javed Aalam, and Pankaj Gharde. “Metastatic Carcinoma Breast Presenting as 

Appendicular Abscess.” JOURNAL OF CLINICAL AND DIAGNOSTIC RESEARCH, 2021. https://doi.org/10.7860/JCDR/2021/44398.14412. 

36. Patel, Abhi, Swarupa Chakole, and Neha Bhatt. “Psychological Stress Due to Covid-19 on Pregnant Women in Post Partal Period.” Journal of 

Pharmaceutical Research International, December 16, 2021, 458–61. https://doi.org/10.9734/jpri/2021/v33i58B34225. 

37. Patel, Aditya, Samrudhi Gujar, Savita Pohekar, Ruchira Ankar, Arati Raut, Sheetal Sakharkar, Vaishali Tembhare, and Pranali Wagh. “Non-Hodgkin’s 

Lymphoma: A Case Report.” Journal of Pharmaceutical Research International, December 8, 2021, 264–67. 
https://doi.org/10.9734/jpri/2021/v33i53B33705. 

38. Patel, Divyank, Zainab Gandhi, Rupak Desai, Jilmil Raina, Vikram Itare, Fariah Asha Haque, Taha Saeed, et al. “Impact of Alcohol Use Disorder on 

Stroke Risk in Geriatric Patients with Prediabetes: A Nationwide Analysis.” International Journal of Clinical Practice 75, no. 9 (September 2021). 

https://doi.org/10.1111/ijcp.14477. 

39. Patel, Drashti. “Covid-19 In Pregnant Women.” Bioscience Biotechnology Research Communications 14, no. 6 (June 15, 2021): 275–79. 

https://doi.org/10.21786/bbrc/14.6.58. 

40. Patel, Leksha Atul, Vaishnavi Dilip Yadav, Moli Jai Jain, and Om C. Wadhokar. “Positive Outcomes of Comprehensive Exercise Program on Restoration 

of Functional Level and Quality of Life in a Patient with Rheumatic Heart Disease Undergone Mitral Valve Replacement: A Case Report.” Journal of 

Pharmaceutical Research International, October 15, 2021, 379–84. https://doi.org/10.9734/jpri/2021/v33i46A32879. 


