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Abstract. Starting in 2015, various exoskeleton designs have been developed to
facilitate interventions in the rehabilitation of patients with movement disabili-
ties aimed primarily at flexing and extending the finger joints. This article covers
the review and generation of a device for the physical rehabilitation of people
diagnosed with rheumatoid arthritis (RA). Among the determining aspects for
its manufacture, it has been detected that most have been designed with differ-
ent technological tools with limited degrees of freedom (GDL) and the appli-
cation of mechanical systems without studies of interaction with the user. The
applied methodological framework for the development of exoskeletons of the
hand includes a systematic review of the devices, referring to their mechanical,
electronic and functional attributes according to the technological trends of the
last five years. The information analyzed in this article allows the generation of
an exoskeleton with the use of rapid prototyping techniques within user-centered
digital manufacturing processes.
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1 Introduction

Knowledge about rheumatoid arthritis, RA, is transforming, as currently there are more
problems due to inflammatory diseases within immunological pathogenesis and more
frequent nature that affects the joints of patients. These types of complications critically
affect quality of life but can be transformed with more frequent treatment [13, 15].

The hand is crucial in carrying out the daily activities necessary. One’s functional dis-
ability demands the assistance of third parties, thus causing a socio-economic impact due
to the limitations of the patient’s productive capacity, therefore causing family income
decreases whilst having increased medical expenses [18].
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Knowledge about rheumatoid arthritis, RA, is transforming, as currently there are
more problems due to inflammatory diseases within immunological pathogenesis and
more frequent nature that affects the joints of patients. These types of complications
critically affect quality of life but can be transformed with more frequent treatment [13,
15].

The hand is crucial in carrying out the daily activities necessary. One’s functional dis-
ability demands the assistance of third parties, thus causing a socio-economic impact due
to the limitations of the patient’s productive capacity, therefore causing family income
decreases whilst having increased medical expenses [18].

1. Analysis of the current situation of the patient’s hand: Physical limitations, postures,
movement capacity, strength, power, flexibility, among others;

2. The patient is asked to perform certain finger flexion-extensionmovements, grasping
movements, while the exoskeleton control system analyzes the sensor signals and
determines the expected movement;

3. Movement capture [20]: the control system selects a movement pattern and adjusts
it to the current position of the patient, thus allowing movement with its own force;

4. After repeating the movement, the system analyzes the situation again, then prepares
to anticipate the following movements of the user.

Therefore, the design of a portable hand rehabilitation device [17] with programmable
movement functions may be important for the periodic rehabilitation of the patient. The
device must be able to assess the state of the motor functions of the hand, such as stiff-
ness of a finger, independence of the finger, articulation angles and/or external force
of the hand. In addition, it should help the voluntary movement of the patient for both
flexion and extension of the fingers, allowing force to be applied to each finger joint.

In contrast to conventional prosthetics, a hand exoskeleton serves as a multipurpose,
medical device because it is designed and constructed based on the anthropometry of
the human hand. Furthermore, it adjusts easily to movements while minimizing patient
discomfort, in addition to expanding and improving the skills selected by the user.

2 State of Art of Hand Exoskeletons Today

For the development of the device, a review was established in different databases such
as Dialnet, IEEE Xplore and RedMed from 2015.

Inclusion and exclusion criteria corresponding to the requirements for the construc-
tion of the exoskeleton were applied based on the search results. The inclusion criteria
for the existing information in the articles analyzed were as follows.

– The study and/or article presents a prototype or approaches to hand exoskeleton
designs.

– The study applies the design of a hand exoskeleton to the rehabilitation of RA patients.
– The study exhibits mechanical, electronic and/or functional attributes of the hand
exoskeleton.

– The studio features robotic finger or hand designs, pneumatic finger or hand and/or
rehabilitation gloves.



The exclusion criteria were as follows:

– The study has not been published in English or Spanish.
– The device has been used for rehabilitation of patients with cerebral palsy.
– The device does not use functional components.
– The study and/or article presents a prosthetic hand device instead of an exoskeleton.

53 studies/articles on handheld devices applied in physical rehabilitation were analyzed,
but in the end 45 were chosen for the study and the systematic review because some
designs were used for different purposes.

Additionally, it is highlighted that, despite the similarity of prosthetic hands with
hand exoskeletons, the study focused on the physical rehabilitation of RA patients with
the assistance of an exoskeleton.

In the last five years, the number of studies that contribute to the development of
hand exoskeletons and that are relevant for their review and analysis has increased.
Many of these devices have adapted to new technologies and have evolved in the use of
materials, thus overcoming the limitations within the traditional design of exoskeletons.
This article presents the proposals that meet the following requirements:

– The exoskeleton allows flexion-extension movement of the fingers.
– The exoskeleton usesmechanisms that allow dynamicmovement of the patient’s hand.
– There is an adaptation of the exoskeleton to the variety of anthropometric hand
measurements.

– The patient can control the exoskeleton in relation to degrees of freedom (DOF).

3 Research Contributions

Thirty-six hand exoskeletons were reviewed according to the criteria de-scribed above.
The devices were organized in chronological order and classified according to their
attributes of mechanism, control and unit of action, described in Table 1.

Table 1. Summary of the mechanical, electrical and functional attributes of robotic hand
exoskeletons since 2015 (Source: Own Elaboration, 2020).

Year Actuation Force
of
output
(N)

Degrees
freedom

Finger
movements

Range
movement

Weight Functionality References

2015 Hybrid
tire

1.3 3 Flex 150 – Rehab [8–11]

Hydraulic 8 15 Flex and
Ext

250 <500 g Rehab [1]

Pulley
cable

680 15 Flex and
Ext

– 711 g Rehab [5]

(continued)



Table 1. (continued)

Year Actuation Force
of
output
(N)

Degrees
freedom

Finger
movements

Range
movement

Weight Functionality References

Tire 29,5 99 Flex and
Ext

112 194 g Rehab [17]

Tire 13 3 Flex 149 – Rehab [30]

Tire 10,35 15 Flex 141,2 200 g Rehab [34, 35]

Tire 9,25 12 Flex 191,2 180 g Rehab [36]

Tire 2 N 3 Flex and
Ext

143,5 25 g Rehab [19]

Tire – 3 Flex 165 – Rehab [40]

Tire – – Flex 99,7 200 g Rehab [33]

2016 Linear
actuator

3,125 N 1 Flex – – Rehab [30]

Tire – 15 Flex and
Ext

– – Rehab [24–26]

Tire 35 N 15 Flex 105,9 – Rehab [41]

Tire 17 N 3 Flex and
Ext

93 – Rehab [28]

Tire 10 N 12 Flex and
Ext

– <100 g Rehab [38]

Tire 5 N 3 Flex – – Rehab [37]

Tire 2 N 3 Flex 40 – Rehab [4]

Tire 2,2 N 4 Flex – Rehab [31]

2017 Pulley
cable

10 N 2 Flex – – Rehab [6]

Pulley
cable

16 N 15 Flex 141,2 300 g Rehab [22]

Tire 11 N 14 Flex and
Ext

96 85,03 g Rehab [32]

Tire 35 N 44 Flex and
Ext

90 – Rehab [16]

Tire – 15 Flex – – Rehab [18]

Pulley
cable

– 2 Flex and
Ext

120 90 g Rehab [2]

Tire 5 N Flex and
Ext

110 285 g Rehab [27]

2018 Tire 4 N 3 Flex and
Ext

171 – Rehab [39]

(continued)



Table 1. (continued)

Year Actuation Force
of
output
(N)

Degrees
freedom

Finger
movements

Range
movement

Weight Functionality References

Tire – – Flex and
Ext

– <150 g Rehab [23]

Tire >10 N 6 Flex and
Ext

– – Rehab [12]

2019 Tire 4 N – Flex – 75 g Rehab [7]

Neumatic – 4 Flex and
Ext

106 156 g Rehab [14]

4 Design of the Hand Exoskeleton System

The development of the rehabilitation device consists of two parts. The first focuses on
development through rapid prototyping and digitization of the hands of study subjects
for the establishment of necessary measures and GDL; on the other hand, the mechanical
design is established by means of actuators and resistance bands.

4.1 Control of the Exoskeleton in Relation to DOF

Control of hand strength and position is an important aspect that allows the exoskeleton
to provide the patient with repetitive and precise movements [30]. Therefore, there are
devices that have addressed the use of specialized sensors to obtain force and position.
Among the most relevant works is [18] a glove used to measure the flexion angle of the
finger using curvature sensors based on a three-layer back propagation neural network
(BP). This project highlights that the most important part in the design of the mechanical
system is the connection between the actuator and the glove.

Another exoskeleton analyzedwas that of a robotic orthosis that becomes a functional
prototype of the Exoskeleton System (HES) where the mechanism leads to the use of
simple actuation systems and control algorithms, but is characterized by being able to
adapt to the movement of each Finger powered with 2 DOF linear electric actuators that
ensures independent movement of each finger phalanx. The novelty of these HES is the
incorporation of the 1 DOF mechanism never used in this field of design and that is
capable of providing precise movements of the phalanges [6].

4.2 Preliminary Study

Preliminary study starts from the verification of the GDL necessary for a correct rehabil-
itation considering the analysis of force, loads, and resistances according to the material;
in this case the development is a printed prototype in three dimensions.



Rehabilitation is carried out through therapeutic exercises. According to the APTA,
American Physical TherapyAssociation, therapeutic exercises are defined as the planned
systematic application of physical movements, postures, or activities designed to 1)
remedy or prevent impairment, 2) improve function, and 3) improve physical condition.

The development of the device will be verified in a patient in the initial state of RA,
where he does not yet have symptoms of constant pain, significant deformation, or motor
disability (Fig. 1).

Fig. 1. Patient with rheumatoid arthritis initial stage (Source: Own Elaboration, 2020).

4.3 Final Prototype

The prototype consists of a glove-like structure that covers the hand with 3D printed
actuators located at the junction of each phalanx to generate the flexo-extension action
of these guided by a servomotor that exerts a contrary force.

The guides will facilitate the movement of the affected joints. The objective is
to generate an organic movement of each of the phalanges, providing functional sta-
bility and correct support for the patient’s hand; the pain factors net of the disease
was taken into account, therefore the range of movement of the device will be pre-
determined by a test carried out on the patient and analyzed by photogrammetry and
thus not exceed unnecessary pain limits, facilitating good performance and movement
progression (Fig. 2).

In rehabilitation therapies for the hand, it must complywith international regulations,
which is why the device must comply with the APTA regulations mentioned above. A
maximum of 58° of range of motion will be achieved at theMCP (metacarpophalangeal)
joints and at an approximate angle of 60° at PIP (proximal interphalangeal).



Fig. 2. Exoskeleton prototype (Source: Own Elaboration, 2020).

5 Conclusions

This article includes the development of a comparative investigation of the develop-
ment of exoskeletons for rehabilitation, to take guidelines and requirements around RA,
resulting in the design of a device that adjusts to the research base and real needs. from
a patient; This will allow evaluating both the factors related to the device-patient inter-
action and the control adjustment of the programmed effort system for each patient
that allows detecting the improvement of mobility through a therapeutically controlled
rehabilitation.

References

1. Al-Fahaam,H., Davis, S., Nefti-Meziani, S.: Power assistive and rehabilitationwearable robot
based on pneumatic soft actuators. In: Proceedings of the 2016 21st International Conference
on Methods and Models in Automation and Robotics (MMAR), Miedzyzdroje, Poland, 29
August–1 September 2016, pp. 472–477 (2016). https://doi.org/10.1109/mmar.2016.7575181

2. Ben Abdallah, I., Bouteraa, Y., Rekik, C.: Design and development of 3D printed myoelectric
robotic exoskeleton for hand rehabilitation. Int. J. Smart Sens. Intell. Syst. 10, 341–366 (2017).
https://doi.org/10.21307/ijssis-2017-215

3. Chua, M.C.H., Lim, J.H., Yeow, R.C.H.: Design and characterization of a soft robotic thera-
peutic glove for rheumatoid arthritis. Assis. Technol. 1–9 (2017). https://doi.org/10.1080/104
00435.2017.1346000

4. Chua, M.C., Hoon, L.J., Yeow, R.C.: Design and evaluation of rheumatoid arthritis rehabili-
tative device (RARD) for laterally bent fingers. In: Proceedings of the 2016 6th IEEE Interna-
tional Conference on Biomedical Robotics and Biomechatronics (BioRob), Singapore, 26–29
June 2016, pp. 839–843 (2016). https://doi.org/10.1109/biorob.2016.7523732

5. Diftler, M.A., et al.: RoboGlove—a grasp assist device for earth and space. In: Proceedings
of the 45th International Conference on Environmental Systems, Bellevue, WA, USA, 12–16
July 2015

6. Florence University: A Novel Kinematic Architecture for Portable Hands Exoskeletons.
Departament of Industrial Engineering, vol. 3, p. 50139 (2016)

https://doi.org/10.1109/mmar.2016.7575181
https://doi.org/10.21307/ijssis-2017-215
https://doi.org/10.1080/10400435.2017.1346000
https://doi.org/10.1109/biorob.2016.7523732


7. Gómez, J., Moreno, J., Gil, G.V., Orozco, C.: Rehabilitación de la mano con órtesis robóticas.
Asociación Colombiana de Medicina Física y Rehabilitación, pp. 174–179 (2018). https://
doi.org/10.28957/rcmfr

8. Haghshenas-Jaryani, M., Carrigan, W., Nothnagle, C., Wijesundara, M.B.: Sensorized soft
robotic glove for continuous passive motion therapy. In: Proceedings of the 2016 6th IEEE
International Conference onBiomedical Robotics andBiomechatronics (BioRob), Singapore,
26–29 June 2016, pp. 815–820 (2018). https://doi.org/10.1109/biorob.2016.7523728

9. Haghshenas-Jaryani, M., Carrigan, W., Wijesundara, M.B.: Design and development of a
novel soft-and-rigid hybrid actuator system for robotic applications. In: Proceedings of the
ASME 2015 International Design Engineering Technical Conferences and Computers and
Information in Engineering Conference, Boston, MA, USA, 2–5 August 2015, pp. 1–6.
American Society of Mechanical Engineers, New York (2018)

10. Haghshenas-Jaryani, M., et al.: Kinematic study of a soft-and-rigid robotic digit for rehabil-
itation and assistive applications. In: Proceedings of the ASME 2016 International Design
Engineering Technical Conferences and Computers and Information in Engineering Confer-
ence, Charlotte, NC, USA, 21–24 August 2016, pp. 1–7. American Society of Mechanical
Engineers, New York (2018). https://doi.org/10.1115/DETC2017-68291

11. Haghshenas-Jaryani, M., Nothnagle, C., Patterson, R.M., Bugnariu, N., Wijesundara, M.B.:
Soft robotic rehabilitation exoskeleton (REHAB glove) for hand therapy. In: Proceedings of
the ASME 2017 International Design Engineering Technical Conferences and Computers and
Information in Engineering Conference, Cleveland, OH, USA, 6–9 August 2017, pp. 1–10.
American Society of Mechanical Engineers, New York (2018). https://doi.org/10.1115/DET
C2017-68291

12. Hansen, C., Gosselin, F., Mansour, K.B., Devos, P., Marin, F.: Design-Validation of a Hand
Exoskeleton Using Musculoskeletal Modeling. Centro de investigación Royallieu. Sorbonne
Universités, Universidad de Tecnología de Compiègne, Compiègne, Francia (2018)

13. Holguera, M.R., Turrión Nieves, A., Pérez Gómez, A., Álvareez de Mon-Sot, M.: Artri-
tis reumatoide. Departamento de Medicina. Universidad de Alcalá de Henares. Alcalá de
Henares, Madrid, España (2017)

14. Jo, I., Park, Y., Lee, J., Bae, J.: A portable and spring-guided hand exoskeleton for exercising
flexion/tension of the fingers. Department of Mechanical Engineering, UNIST, Ulsan, Korea
(2019). https://doi.org/10.1016/j.mechmachtheory.2019.02.004

15. Kevin, D., Deane, M., Holers, M.: The Natural History of Rheumatoid Arthritis. Division of
Rheumatology, University of Colorado Denver Anschutz Medical Campus, Aurora, Clorado,
USA (2016)

16. Lee,H.,Kang,B.B., In,H., Cho,K.-J.:Design improvement of a polymer-based tendon-driven
wearable robotic hand (exo-glove poly). In: Gonzalez-Vargas, J., Ibáñez, J., Contreras-Vidal,
J.L., van der Kooij, H., Pons, J.L. (eds.) Wearable Robotics: Challenges and Trends. BB, vol.
16, pp. 95–99. Springer, Cham (2017). https://doi.org/10.1007/978-3-319-46532-6_16

17. Lee, J., Park, W., Kim, S., Bae, J.: Design of a wearable hand rehabilitation system for
quantitative evaluation of the stroke hand. Departamento de Ingeniería Mecánica. UNIST,
Ulsan, Korea (2016). https://doi.org/10.1109/iccas.2016.7832354

18. Li, H., Cheng, L.: Preliminary study on the design and control of a pneumatically actuated
hand rehabilitation device. In: 2017 32nd Youth Academic Annual Conference of Chinese
Association of Automation (YAC), pp. 860–865. IEEE (2017). https://doi.org/10.1109/yac.
2017.7967530

19. Low, J.H., Ang, M.H., Yeow, C.H.: Customizable soft pneumatic finger actuators for hand
orthotic and prosthetic applications. In: Proceedings of the 2015 IEEE International Con-
ference on Rehabilitation Robotics (ICORR), Singapore, 11–14 August 2015, pp. 380–385
(2015). https://doi.org/10.1109/icorr.2015.7281229

https://doi.org/10.28957/rcmfr
https://doi.org/10.1109/biorob.2016.7523728
https://doi.org/10.1115/DETC2017-68291
https://doi.org/10.1115/DETC2017-68291
https://doi.org/10.1016/j.mechmachtheory.2019.02.004
https://doi.org/10.1007/978-3-319-46532-6_16
https://doi.org/10.1109/iccas.2016.7832354
https://doi.org/10.1109/yac.2017.7967530
https://doi.org/10.1109/icorr.2015.7281229


20. Lu, Z., Tong, K., Shin, H., Li, S., Zhou, P.: Advanced myoelectric control for robotic hand-
assisted training: outcome from a stroke patient. Departamento de Medicina Física y Reha-
bilitación, Centro de Ciencias de la Salud de la Universidad de Texas en Houston, TX, USA
(2017)

21. Moya, R., Magal-Royo, T.: Diseño y prototipado de un dispositivo de rehabilitación para la
artritis reumatoide de mano. Tsantsa. Revista De Investigaciones Artísticas, vol. 7, pp. 233–
240 (2019). ISBN 1390-8448

22. Popov, D., Gaponov, I., Ryu, J.H.: Guante portátil de exoesqueleto con estructura suave para
asistenciamanual en actividades de la vida diaria. Transacciones IEEE/ASMEenMecatrónica
22(2), 865–875 (2016)

23. Portnova, A.A., Mukherjee, G., Peters, K.M., Yamane, A., Steele, K.M.: Design of a 3D-
printed, open-source wrist-driven orthosis for individuals with spinal cord injury. PLoS ONE
13(2), e0193106 (2018). https://doi.org/10.1371/journal.pone.0193106

24. Radder, B., et al.: Preliminary findings of feasibility of a wearable soft-robotic glove support-
ing impaired hand function in daily life. In: Proceedings of the 2nd International Conference
on Information andCommunication Technologies for AgeingWell and e-Health (ICT4AWE),
Rome, Italy, 21–22 April 2016. SciTePress, Belfast (2018)

25. Radder, B., et al.: A wearable soft-robotic glove enables hand support in ADL and rehabil-
itation: a feasibility study on the assistive functionality. J. Rehabil. Assist. Technol. Eng. 3,
2055668316670553 (2016)

26. Radder, B., et al.: Preliminary evaluation of a wearable soft-robotic glove supporting grip
strength in ADL. In: Ibáñez, J., González-Vargas, J., Azorín, J.M., Akay, M., Pons, J.L.
(eds.) Converging Clinical and Engineering Research on Neurorehabilitation II. BB, vol. 15,
pp. 1245–1250. Springer, Cham (2017). https://doi.org/10.1007/978-3-319-46669-9_203

27. Randazzo, L., Iturrate, I., Perdikis, S., Millán, J.D.: mano: A wearable hand exoskeleton
for activities of daily living and neurorehabilitation. IEEE Robot. Autom. Lett. 3, 500–507
(2018). https://doi.org/10.1109/lra.2017.2771329

28. Reymundo, A.A., Muñoz, E.M., Navarro, M., Vela, E., Krebs, H.I.: Hand rehabilitation using
soft-robotics. In: Proceedings of the 2016 6th IEEE International Conference on Biomedical
Robotics and Biomechatronics (BioRob), Singapore, 26–29 June 2016 (2016)

29. Smolen, J.S., et al.: EULAR recommendations for the management of rheumatoid arthritis
with syn- thetic and biological disease-modifying antirheumatic drugs: 2016 update. Ann.
Rheum. Dis. 76(6), 960–977 (2017). https://doi.org/10.1136/annrheumdis-2016-210715

30. Tarvainen, T.V.,Yu,W.: Preliminary results onmulti-pocket pneumatic elastomer actuators for
human-robot interface in hand rehabilitation. In: Proceedings of the 2015 IEEE International
Conference on Robotics and Biomimetics (ROBIO), Zhuhai, China, 6–9 December 2015,
pp. 2635–2639 (2015). https://doi.org/10.1109/robio.2015.7419737

31. Yang, J., Xie, H., Shi, J.: A novel motion-coupling design for a jointless tendon-driven finger
exoskeleton for rehabilitation. Mech. Mach. Theory 99, 83–102 (2016)

32. Yao, Z., Linnenberg, C., Argubi-Wollesen, A., Weidner, R., Wulfsberg, J.P.: Diseño
biomimético de un guante de músculo blando ultracompacto y ligero. Ingeniería de Produc-
ción 11(6), 731–743 (2017)

33. Yap,H.K., Lim, J.H.,Nasrallah, F.,Goh, J.C.,Yeow,R.C.:A soft exoskeleton for hand assistive
and rehabilitation application using pneumatic actuators with variable stiffness (2015)

34. Yap, H.K., Ang, B.W., Lim, J.H., Goh, J.C., Yeow, C.H.: A fabric-regulated soft robotic glove
with user intent detection using EMGandRFID for hand assistive application. In: Proceedings
of the 2016 IEEE International Conference on Robotics and Automation (ICRA), Stockholm,
Sweden, 16–21 May 2016, pp. 3537–3542 (2015)

35. Yap, H.K., Lim, J.H., Nasrallah, F., Goh, J.C., Yeow, R.C.: A soft exoskeleton for hand
assistive and rehabilitation application using pneumatic actuators with variable stiffness. In:

https://doi.org/10.1371/journal.pone.0193106
https://doi.org/10.1007/978-3-319-46669-9_203
https://doi.org/10.1109/lra.2017.2771329
https://doi.org/10.1136/annrheumdis-2016-210715
https://doi.org/10.1109/robio.2015.7419737


Proceedings of the 2015 IEEE International Conference onRobotics andAutomation (ICRA),
Seattle, WA, USA, 26–30 May 2015, pp. 4967–4972 (2015)

36. Yap, H.K., et al.: MRC-Glove: a fMRI compatible soft robotic glove for hand rehabilitation
application. In: Proceedings of the 2015 IEEE International Conference on Rehabilitation
Robotics (ICORR), Singapore, 11–14 August 2015, pp. 735–740 (2015)

37. Yeo, J.C., Yap, H.K., Xi, W., Wang, Z., Yeow, C.H., Lim, C.T.: Flexible and stretchable strain
sensing actuator for wearable soft robotic applications. Adv. Mater. Technol. 1, 1600018
(2016)

38. Yi, J., Shen, Z.; Song, C., Wang, Z.: A soft robotic glove for hand motion assistance. In: Pro-
ceedings of the 2016 IEEE International Conference on Real-Time Computing and Robotics
(RCAR), Angkor Wat, Cambodia, 6–10 June 2016, pp. 111–116 (2016)

39. Zaid, A.M., Chean, T.C., Sukor, J.A., Hanafi, D.: Development of hand exoskeleton for
rehabilitation of post-stroke patient. AIP Conf. Proc. 1891, 020103 (2017)

40. Zhang, J., Wang, H., Tang, J., Guo, H., Hong, J.: Modeling and design of a soft pneumatic
finger for hand rehabilitation. In: Proceedings of the 2015 IEEE International Conference on
Information and Automation, Lijiang, China, 8–10 August 2015, pp. 2460–2465 (2015)

41. Zhao, H., et al.: A helping hand: soft orthosis with integrated optical strain sensors and EMG
control. IEEE Robot. Autom. Mag. 23, 55–64 (2016)


