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Sensorless and sensor-based upper limb exoskeletons that enhance or support daily motor function are limited for

children.
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1. Introduction

There is a wide variety of diagnoses that impair the arm movements of children, such as muscular dystrophy , spinal

muscular atrophy , cerebral palsy , arthrogryposis multiplex congenita , and brachial plexus palsy . Despite the

important differences in the origin of these diseases, they all share a similar symptom: muscular weakness or stiffness at

the upper limb. Such symptoms prevent these children from moving their upper limb freely.

For children, the difficulty of moving the upper limb and, hence, interacting with their environment can have great

consequences for the learning process. Indeed, it is known that children with limited exploration ability are at higher risk of

developing cognitive, social, and motor impairments . Moreover, weakness or impairments at the upper limb decrease

autonomy in most activities of daily living (ADL), such as eating, bathing, getting dressed, and playing .

Traditional interventions to improve upper extremity function in children consist of strength training and aquatic therapy 

. There is also evidence about the benefits of neuromuscular electrical stimulation to improve upper extremity

strength, range of motion, and function . The efficiency of these interventions relies on the frequency at which they are

provided. However, it is often impossible for the specialized therapists to ensure sufficient hours to every child in order to

maximize the intervention benefits. Another factor that ensures efficiency and security of these interventions comes from

the patient feedback, which is not always reliable with children.

In the last few years, numerous sensorless and sensor-based exoskeletons have been developed to improve the quality

of life of people with impairments at the upper limb, by acting both for rehabilitation, i.e., enhancement of the motor

function, and assistance, i.e., support of the motor function. Furthermore, exoskeletons showed potential to increase

intensive therapy  and reduce the workload of the therapists . However, the targeted population for these devices is

mainly adults who are recovering from a stroke. These include the ARMIN III , the CADEN-7 , the CAREX , the

ETS-MARSE , the IntelliArm , the RUPERT , and the SUEFUL-7 .

Despite the increasing number of rehabilitation and assistance exoskeletons developed for adults, the options available

for children are limited . This is mainly due to the fact that a simple scaling of adult devices to children’s size is not

appropriate for safe use. Indeed, additional considerations towards children’s growth, usage, and muscle force must be

made in the design process since this population is heterogenous . Further developments are desired since it is known

that a greater functional improvement can be reached in robot-assisted rehabilitation compared to traditional interventions

.

In the last few years, numerous reviews on upper limb exoskeletons have been published. However, these reviews mostly

addressed the trends and challenges of exoskeletons and robotic rehabilitation devices for adults .

The review by Falzarano et al.  focused on pediatric rehabilitation devices but did not include any assistance

exoskeletons, which are sometimes the preferred option depending on the child’s diagnosis.

2. Classification of Sensorless and Sensor-Based Upper Limb
Exoskeletons

In this review, the term sensorless describes exoskeletons that do not contain any form of sensor. Conversely, the term

sensor-based is used to describe exoskeletons that contain at least one type of sensor which can provide useful
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information to the user or therapist.

Upper limb exoskeletons can be classified using several methods , such as the applied segment, the number of active

DOF, the method of actuation, the method of power transmission, and the application domain. In this review, the upper

limb exoskeletons are first classified as sensorless or sensor-based. Each exoskeleton is then categorized regarding its

application domain, motorization solution, targeted population(s), and supported movement(s) (Figure 1).

Figure 1. Categorization of sensorless and sensor-based upper limb exoskeletons in

pediatrics. Abbreviations: FE: flexion–extension, AA: abduction–adduction, IE: internal–external rotation, PS: pronation–

supination, RU: radial–ulnar deviation.

Each exoskeleton was first categorized according to its application domain: rehabilitation or assistance. A rehabilitation

exoskeleton’s primary purpose is to enhance motor function by allowing partial or full recovery of the impairment. An

assistance exoskeleton’s primary purpose is to support the motor function by facilitating the movements of the upper limb.

While assistance exoskeletons can also have a rehabilitation purpose, the targeted population for this type of device is

mainly people with a condition that cannot be improved. A third category, known as augmentation exoskeletons, was not

included in this review. The primary purpose of these exoskeletons is to improve human strength and endurance .

Therefore, the principal users of augmentation exoskeletons are healthy adults, which are not the subject of interest for

this review.

Regarding the motorization solution, each device was categorized as active or passive. An active exoskeleton uses

powered actuators to move the user joints. A passive exoskeleton generally uses gravity compensation mechanisms to

reduce the effect of gravity on the user’s arm.

The movements supported by upper limb exoskeletons can either be at the shoulder, the elbow, the wrist, the hand, or a

combination of these.

3. Conclusions

We highlighted that the most prevalent diagnoses in pediatrics do not allow for potential motor function improvements.

Therefore, it is essential for these children to have access to an exoskeleton that can assist them in ADL. Assistance

exoskeletons are better suited than rehabilitation exoskeletons in pediatrics. There exist both sensorless and sensor-

based assistance exoskeletons. However, sensor-based exoskeletons are more promising since the additional data

provided by the sensors allow better adjustment to the user’s needs. Nevertheless, the options in pediatrics are still limited

when comparing to adults. This is mainly explained by additional challenges regarding children’s growth and wearability.

New design methods, such as user-centered approaches, will help to tackle these challenges and improve the

accessibility of pediatric exoskeletons. This is important to improve children’s participation in ADL and limit the risks of

cognitive, social, and motor impairments during their development.
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