
Wearable Sensors in Para-Sports | Encyclopedia.pub

https://encyclopedia.pub/entry/8922 1/9

Wearable Sensors in Para-Sports
Subjects: Instruments & Instrumentation | Others

Contributor: Lorenzo Rum , Valentina Camomilla

Wearable sensors provide a promising opportunity to quantitatively assess the individual functional capacities of an

athlete with disability in an ecological environment. The available evidence for the application of wearable sensors

in sport for athletes with disabilities is mainly focused on performance assessment and characterization for training

optimization, mirroring classic aspects of sports biomechanics in non-disabled athletes. Applications specific to

sports for people with disability, such as athlete classification and injury prevention, are limited but indicate possible

directions for further development. Finally, since the equipment is frequently of particular importance in sports for

persons with disability, the literature indicates that wearable systems are promising to support the customization of

equipment to meet the athlete's individual needs.
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1. Introduction

Over the last few years, the interest in sports for persons with disability has grown at an impressive rate.

Simultaneously, the participation in sports by a growing number of persons with disabilities has been observed,

with evidence showing the positive impact of sport on quality of life, physical health and psycho-social wellbeing in

this population . Given the large variety of disabilities and how they specifically affect and influence sports

practice, advances in research and technology play a key role in providing tools for a safe, inclusive and effective

participation in sport. To date, technology has been used to improve and support the athlete’s training and

development in both elite and amateur sports for non-disabled and people with disabilities . In the last

decades, an increase in the application of wearable technologies in the sport field has been observed as they can

be used with less restrictions compared to the other technological tools . These technologies are adopted to

measure different components of an athlete’s movement as well as to explore the relation between the athlete’s

body and the sport equipment. Given their ecological and versatile properties, wearable sensors can provide

objective measurement methods that can be applied in real sport-life situation and finely fit within several purposes.

Aside from those general to all athletes population, the following aspects are specific to athletes with disabilities:

athlete classification, sport equipment customization, and monitoring the athlete’s technique to prevent injury while

designing successful training protocols.

Previous reviews on the applications of wearable technology in sports did not specifically focus on athletes with

disabilities, providing more general indications on the topic . Literature does however highlight wearable
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sensors advantages and potential to support athletes with disabilities at all athletic levels and in different

application fields. Therefore, the aim of this review was to provide information to future researchers, athletes and

trainers to support evidence-based practice by exploring literature regarding the use of wearable sensors in sport

for people with disabilities.

2. Main findings

Sensor types and placements

The most commonly used wearable sensors were inertial and EMG sensors, often in conjunction with other types

of sensors (e.g., force sensor, GPS, digital goniometer or heart rate sensor). This is in line with what already

observed in similar sports biomechanics literature involving non-disabled athletes , likely because they allow

measuring the biomechanical and physiological characteristics of performance in a more ecological setting.

Furthermore, EMG or inertial sensors were frequently used in combination with video analysis and motion capture

systems to take advantage of both measurement systems strengths, allowing to combine measurements of muscle

activity or body/equipment motion with joint kinematics. A crucial aspect that limits the transversal interpretability of

results is the lack of standardization in positioning. In wheelchair sports, as in other sports analyzed with inertial

sensors, sensor positioning protocols is a prerogative of each research group. One reason for this is likely the

limited number of studies performed on the same sport. In the studies adopting EMG sensors, motion tracking

devices were fundamental for muscle activation pattern recognition and contextualization, providing kinematic

information to obtain temporal events for the segmentation and analysis of the registered EMG signal. Specifically,

video analysis , stereophotogrammetric systems  and other motion capture techniques  were

used. Positioning of EMG sensors varied and was influenced by the observed sport activity and the specific

purpose of the study, although particular attention was given to the investigation of trunk and upper limb muscles,

which played a predominant role in determining performance as the majority of the reported disabilities affected the

lower body. There is evidence that different combination of wearable sensors should be used to provide exhaustive

and valuable information about sport performance increasing the possibility of obtaining biomechanical

measurements in unusual outdoor conditions. Furthermore, the crucial role of kinetic quantities in performance

analysis and injury prevention, especially in ecological conditions, calls for further research to overcome technical

limitations allowing to explore the kinetic perspective.

Parameters and Application

Many of the applications of wearable sensors in sport biomechanics of non-disabled athletes that were indicated by

previous reviews (i.e., injury prevention, performance characterization for training optimization) are applied to

athletes with disabilities at a growing rate. In addition, new contexts of wearable technology application specific to

sport for people with disability are reported, such as athlete classification and sports equipment customization.

Technology can provide the ideal tools for a more objective classification process for athletes with disability by

assessing how sport performance is affected by the functional limitations descending from the impairment . Only

few studies were specifically performed to measure the effect of impairment on the athlete’s functional ability

[8][9]

[10][11][12] [13][14] [15][16]

[17]



Wearable Sensors in Para-Sports | Encyclopedia.pub

https://encyclopedia.pub/entry/8922 3/9

investigating features specific to the sport discipline, for example trunk strength in cross-country sit-skiing. EMG,

inertial and force sensors were used to measure maximal capacity of force exertion and muscle activation, trunk

segment range of motion and electromechanical delay between onset of muscle activation and motor task

execution. These studies were not able to provide adequate athlete classification measurement systems, either

because they did not show enough sensitivity to discriminate different sport classes or because of limited sample

size. Nevertheless, these studies indicated the potential of the measured parameters for athlete classification that

should be considered for future research on this topic. Furthermore, a common denominator across the papers

dealing with athlete classification was the evaluation of the role of trunk in sport performance, as it plays an

important role in force production and transmission during various propulsion-related sport activities, from

wheelchair propulsion to sit-skiing.

Specific applications of wearable sensors in the analysis of sport technique aimed at injury prevention for people

with disability were quite scarce. Furthermore, the few studies available in the literature differed for sports, sensors,

injury types and study designs. Nevertheless, these papers were in line with recent investigation of the frequency,

types and causes of injury in adaptive summer sports, such as wheelchair basketball, wheelchair rugby, swimming

and athletics . Similar types of injury can be found spanning across different sport disciplines, such as shoulder

injury in wheelchair sport and in swimming. Therefore, athletes with different sport-related needs could transversely

benefit from wearable systems that are able to monitor the kinematics and/or muscle activity of the shoulder, such

as the one adopted in Barfield et al. . In addition, other types of transversal injuries across sports like heat

illness are caused by changes in physiological parameters (e.g., body temperature) that can be easily monitored

through wearable sensors. However, extensive research on injury prevention through the use of wearable sensors

in sport for people with disability is still missing. For all athletes, particular attention should be focused on the

definition and selection of appropriate parameters, resolving the complexity of predictors of injury.

The most common application for wearable sensors in sport for people with disability was technique analysis for

performance characterization, a trend that has been also reported in previous works on athletes without disability 

. In sport for people with disability, studies explored classic aspects of sport biomechanics in non-disabled

athletes, such as analysis of technique/performance, training load, biomechanical measurement system validation

and comparison of data processing techniques, but also components more specific to the observed population, that

is, for example, how a specific disability affects motor and sport performance. The effectiveness and

appropriateness of current training practices in sport for people with disability have been questioned as there is a

lack in research on sport-specific performance and development of athletes . In the revised studies, wearable

technologies were adopted to assess sport performance in a variety of different sports, with wheelchair propulsion

and mobility tasks being the sport-related motor tasks of greatest interest. Inertial and heart rate sensors were

used to monitor the overall physical activity during gameplays for the optimization of physical and technical training

strategies in wheelchair court sports. Furthermore, inertial sensors were also used to obtain more specific

kinematic parameters which are informative of the athlete’s wheelchair propulsion performance and technique.

EMG sensors were found to offer the opportunity of monitoring the muscle activation patterns which are peculiar of

propulsive technique, but also the change in muscle activity during wheelchair propulsion at different loads.

The example of wheelchair sports was only one of the possible applications of wearable sensors for training

monitoring and optimization in athletes with disability, as demonstrated by the studies on other sports disciplines
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such as handcycling, cross-country sit-skiing and swimming. However, there are still some gaps in the available

knowledge on the use of wearables that regards the scarcity of studies on specific sport disciplines and the lack of

common evidence-based practice in the adoption of sensors in both research and daily sport activity.

An application of wearable sensors which was found to be specific to sport for people with disability was the

evaluation of the effect of disability on the biomechanics and physiology of sport and motor performance. In four

analyzed studies, the comparison between athletes with and without disability allowed for the identification of

peculiar changes in motor performance which are implemented by the athletes to deal with the limitations imposed

by the impairment . In particular, wearable sensors such as EMG, force and heart rate sensors can be

effectively adopted to assess muscle activity, power and fatigue when these aspects are of interest for the study of

impairment. Wearable technologies would therefore offer the opportunity to compare athletes with and without

disability in real sport-life conditions. This would provide information about the effect of specific impairment on

motor control which is essential not only for advancing in the medical knowledge, but also for sport and

rehabilitation professionals in order to personalize training protocols based on the individual specific strategies.

In common practice, sports equipment is customized to the needs of each specific athlete with disability and this

procedure is typically performed with the help of skilled and experienced coaches. However, due to various

reasons, not all athletes may have access to an experienced coach. There is some evidence pointing towards the

possibility to use wearable sensors as a support for the adjustment of sport equipment, especially to assess the

effect of different design parameters on wheelchair mobility performance. The enormous opportunity for the

development of technologies that are capable of monitoring the sport performance in relation to the selection of

safe and performance-enhancing sports equipment was also indicated in a recent review by Cooper et al. . The

authors also proposed the use of wearable IMU-based actigraphs to assess energy expenditure over time during

wheelchair sport as a parameter to evaluate wheelchair configurations. Current literature on the use of wearable

sensors for wheelchair customization suggests that other sport disciplines, such as rowing or archery, could benefit

from the same application of wearable sensors.

3. Conclusions

Wearable sensors provide a promising opportunity to quantitatively assess the individual functional capacities of

the athlete with disability in an ecological environment. The available evidence for the application of wearable

sensors in sport for athletes with disabilities is mainly focused towards performance assessment in wheelchair

sports. Main performance indicators included linear and rotational wheelchair accelerations and the amount of

upper body muscle activity measured by inertial and EMG sensors, respectively. The available scientific literature

concerning applications specific to sports for people with disability, such as athlete classification and injury

prevention, although limited, shows a possible direction for further development. Future approaches in dealing with

athlete classification and injury prevention should consider the definition of biomechanical and physiological

parameters relevant to the athletic performance on a sport-specific basis and investigate their association with the

functional limitations related to the type and severity of disability. Applications of wearables application in

performance characterization for training optimization mirrored classic aspects of sport biomechanics in non-

disabled athletes, but also investigated the effect of disability on sport performance. Although underexplored, this
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field of application is of particular interest for the community of coaches, trainers and athletes with disability as it

can provide useful information for all the other above-mentioned contexts of application. Furthermore, acquiring

additional knowledge about the athletic performance will help in translating current evidence from sports for non-

disabled people to adapted sports. Finally, since the equipment is frequently of particular importance in sports for

persons with disability, literature indicates that wearable systems are promising to support the customization of

equipment to meet the athlete individual needs.
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