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(57) Abrégé:

Il est décrit une méthode et un appareil de quantification de performance sensorimotrice qui est utile pour diagnostiquer, évaluer 

et/ou détecter une lésion cérébrale et/ou un trouble neurologique, ou bien pour déterminer une performance exceptionnelle chez 

un sujet. Dans une tâche, le mouvement des membres du sujet est limité à un espace de travail limité, et un objet se déplace vers 

le membre. Le sujet a pour instruction de faire en sorte que l’objet entre en contact avec le membre dans un délai défini. Lors de 

certains essais, une perturbation est dirigée à l’objet et/ou au membre, ou bien à une autre caractéristique de l’environnement 

nécessitant une correction motrice rapide pour entrer en contact avec l’objet, ou le sujet peut recevoir une instruction de 

remplacement indiquant s’il doit interagir avec l’objet. Les données de position, les données de déplacement et/ou les données 

cinétiques du membre, ou des parties de celui-ci, par rapport à l’objet présenté sont obtenues pour une pluralité d’essais. Les 

données fournissent des informations sur une lésion cérébrale et/ou un trouble neurologique chez le sujet, ou bien sur des 

capacités exceptionnelles chez le sujet.
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(57) Abstract:

A method and apparatus for quantifying sensorimotor performance useful for diagnosing, assessing, and/or detecting brain injury 

and/or a neurological disorder, or identifying exceptional performance in a subject. In a task the subject's limb movement is 

restricted to a limited workspace and an object moves towards the limb. The subject is instructed to contact the object with the 

limb within a set time. During some trials a perturbation is directed to the object and/or limb, or other feature of the environment 

requiring a rapid motor correction to contact the object, or the subject may receive an alternative instruction on whether to 

interact with the object. Position, motion, and/or kinetic data of the limb or portions thereof with respect to the presented object 

are obtained for a plurality of trials. The data provide information about brain injury and/or a neurological disorder in the subject 

or exceptional capabilities of the subject.
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Traditional clinical scales use relatively coarse ordinal scales to ensure reliability, but also make 

it difficult to measure subtle but potentially important changes in performance across time. 

There are essentially no standard clinical tools to accurately assess the ability of a subject 

to generate rapid motor corrections.  The standard test of asking a subject to repeatedly touch 

their nose and the clinician’s finger can involve the clinician abruptly moving their hand to a new 5 

spatial location so that the subject must generate a corrective response to this new location.  As 

well, assessment of whole-body balance control can involve the clinician supporting a patient as 

they lean forward and then releasing their support to observe how the subject generates a 

corrective response to maintain balance. However, in healthy subjects, motor commands to 

muscles for these goal-directed motor corrections or corrections to maintain balance occur in as 10 

little as 100 ms, leading to changes in limb motion in under 200 ms (Cluff et al. 2015a; Scott, 

2016). Given a standard blink of an eye takes 200 to 300 ms, it is very difficult for anyone to 

observe even a 50% slowing in the speed of such corrections by visual inspection.  

 Automated processes have been developed such as computer-based assessments. For 

example, CANTAB (Cambridge Cognition Ltd., Cambridge, U.K.) provides a range of 15 

behavioural tasks to assess various aspects of cognitive function, including measurements of 

reaction time to press or release a button when a sensory stimuli is presented on a computer 

screen.  However, research now highlights that reaction time tasks capture only one aspect of 

how sensory information may be used, in this case to switch from one motor action to another, 

from holding a button, to lifting the hand to stop contact with the button (Scott, 2016). 20 

Importantly, such tasks do not assess how sensory information is used to guide an ongoing motor 

action. 

 Robotic technology provides one potential approach to provide a precise, objective 

measure of sensory, motor, and/or cognitive functions. This technology can measure subject 

performance during various tasks and quantify subject performance based on comparisons to 25 

performance of healthy subjects. For example, BKIN Technologies Ltd. (Kingston, Ontario, 

Canada) has developed a suite of tasks that assess brain functions including limb position sense, 

visual-guided reaching, rapid motor actions, as well as various tasks that also engage cognitive 

processes. However, none of these tasks directly assesses the ability of a subject to generate 

rapid motor corrections. 30 
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corrections in sport, knowledge about the ability of individuals to generate these motor 

corrections related to body movement and the environment would be of great benefit for 

identifying individuals with exceptional skill and significant potential at sport.   

 There is growing concern with regards to the number of concussions in athletics and the 

long term impact of these injuries on an individual’s health. Standard assessment tools such as 5 

Sport Concussion Assessment Tool -3rd edition (SCAT3) assess a broad range of brain 

processes based on visual/inspection of the subject and scoring of the subject’s symptoms. A 

computer-based assessment tool is also available (ImPACT Applications, Inc.). As there is 

considerable subject-to-subject variability in the capabilities of individuals, a common approach 

is to have an athlete’s pre-season baseline test and then compare performance after an event has 10 

occurred that may have given the individual a concussion. Even if the subject is within the 

normal range for healthy controls a drop in performance from baseline provides an indication 

that the subject may have had a concussion and thus evidence that the subject should be removed 

from the game and allowed to rest. However, since athletes usually do not want to risk being 

removed from the game, they can underperform during their baseline test in order to provide 15 

some ‘buffer’ for a post-event assessment.  A major challenge is to ensure subjects are not 

malingering during their baseline testing to ensure an accurate comparison of performance can 

be made between baseline and post-event testing. A similar malingering problem can occur in 

the military related to whether an individual can be safely redeployed after an event has occurred 

during combat. 20 

Described herein is an apparatus and a method for obtaining data on the motion, position, 

and/or kinetics of a limb (e.g., an arm) of a subject with respect to a real and/or virtual object in a 

restricted workspace, to assess sensorimotor performance of the subject. The data correspond to 

the subject’s behavior with respect to the object, in the subject’s workspace. The behavior may 

include reacting to and interacting with the object or doing nothing with respect to an object. In 25 

particular, the data are obtained for a subject performing a task during a limited or “set” period of 

time, such that in order to interact (or not interact) with an object the subject must use a fast task-

dependent feedback pathway. The data are obtained by first providing time for a subject to 

prepare a motor action, in this case, to maintain a fixed position and wait for contact with an 

object moving towards the subject, and then by limiting the time between when there is a 30 

perturbation (i.e., a change in the environment related to the subject, object, or other stimuli) and 

when the subject can interact or not interact with the object. Examples of such times (and related 
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distances) are provided in the below example; however, it will be appreciated other times and 

distances may be used. The apparatus and methods are useful for obtaining data from healthy 

controls, and particularly for obtaining data from subjects with injuries and/or disorders that 

impact brain function, as they may aid in the diagnosis, prognosis, and treatment strategies for 

such individuals.  The apparatus and methods are also useful for obtaining data relating to a 5 

subject’s ability to make rapid motor corrections with respect to particular activities such as a 

sport, since knowledge about the ability of an individual to generate rapid motor corrections 

related to body movement and the environment are of benefit for identifying individuals with 

exceptional skill and significant potential at the activity, sport, etc. 

 In the embodiments described herein, position and/or motion and/or kinetics of the limb 10 

may be monitored, and the data recorded for analysis. Position and/or motion and/or kinetics of 

the entire limb (e.g., for the arms: upper arm, forearm, hand, one or more fingers or thumb) or 

any such segment or portion thereof, individually or in combination, may be monitored and data 

recorded. Position and/or motion and/or kinetics of the limb joints (i.e., shoulder, elbow, wrist, 

etc.) may be monitored and data recorded. Segments and/or joints of the leg may also be 15 

recorded. 

 In one embodiment, wired or wireless sensors may be attached to the limb segments 

and/or joints. The sensors are used to monitor limb position and/or motion and/or kinetics in two-

dimensional or three-dimensional space, as the subject interacts with the object presented to the 

subject.  20 

 In another embodiment, position and/or motion and/or kinetics may be monitored by one 

or more cameras in two- or three-dimensional space, as the subject interacts with the object 

presented to the subject. 

 In another embodiment, position and/or motion and/or kinetics may be monitored by a 

mechanical linkage attached to the limb or grasped by the subject (e.g., KINARM, U.S. Patent 25 

No. 6,155,993 issued 5 December 2000 to Scott). Robotic/mechanical linkages provide the 

ability to apply physical loads to the limb or portion thereof or simulate contact with the virtual 

objects presented to the subject. 

 In the embodiments described herein objects presented to the subject may be real or 

virtual objects. Virtual objects may be presented using a display screen and/or projector, or 30 

virtual reality goggles or other virtual reality or augmented reality system.
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the subject move towards the object (reaching task), and by limiting the region of the workspace 

in which the subject can move his/her hand.  

This unimanual target interception task requires a subject to hit (or avoid) a target moving 

towards the hand (FIG. 1A). The subject’s limb or at least hand is attached to a mechanical 

linkage (e.g., KINARM, U.S. Patent No. 6,155,993), or “robot”. During the task, hand position 5 

represented by a virtual paddle is mechanically confined by the robot into a small workspace 

displayed visually as a rectangular box (e.g., 28 cm wide and 5 cm tall). The visual 

representation of this box is removed as the task starts, but the mechanical confinement applied 

by the robot remains. A single line also remains at the bottom edge of the box to help remind the 

subject they cannot move downwards (which would give them more time to hit the object). The 10 

task starts when the paddle is placed into a start box (a small hollow rectangle) located in the 

center of the workspace. The start box is then visually removed and a single white ball appears at 

the top of the screen (e.g., 22.5 cm above center of workspace) and moves toward the virtual 

paddle at a constant speed (e.g., 25 cm/s). Prior to the start of the task, the subject is instructed 

that the objective of the task is to hit the target as it moves through the workspace. In this 15 

situation, given the limited size of the workspace and the constant speed of the ball, contact 

between the paddle and the ball is limited to a time window of about 200 ms. A simple variant of 

this task is to modify the height workspace (i.e., the dimension parallel to the ball’s motion) to 

ensure a longer or an even shorter time window. 

 While the ball is moving towards the subject, one of six different conditions can occur 20 

(see FIGs. 1A and 1B):  

 1) The ball follows its initial trajectory so the subject must simply keep the paddle 

stationary at the initial position to hit the ball (Baseline);  

2) Mechanical loads are applied to the limb, pushing the hand to the left or right and 

requiring the subject to quickly move back to the middle of the workspace to contact the target 25 

before it passes through the workspace. Vision of the paddle is provided throughout the 

correction (Mechanical with Vision);  

3) Mechanical loads are again applied, but in this case, visual feedback of the paddle is 

removed at the moment the load is applied. This requires the subject to make a motor correction 

using only somatosensory feedback from the limb (Mechanical without Vision); 30 
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 This task is distinct from previous behavioural tasks that also used moving objects and 

subjects had to use paddles to hit objects in the environment, such as the tasks described in 

Tyryshkin et al. (2014) and U.S. Patent No. 8,740,794. That prior task used one or more moving 

objects in the workspace and the subject was free to hit the objects with paddles virtually 

attached to either hand.  This prior task cannot address the question of motor corrections as the 5 

subject has a second or more to hit each object, well beyond the time window for assessing 

fastest feedback processing by the brain.  The hands are free to move throughout a large 

workspace so there are substantial differences in the baseline behavior making it impossible to 

quantify a motor response to a target from their ongoing baseline behavior.  

 The task described herein is distinct from previous studies that have applied mechanical 10 

disturbances when a subject is maintaining their hand at a spatial target (Bourke et al., 2015). 

Such tasks do not intrinsically control time to attain the goal (in this case return to the target) and 

must use post-trial feedback (such as a color cue to try to train the subject the appropriate time to 

contact or that they are too slow and must go faster). Target jumps and cursor jumps are difficult 

to separate when the hand and target are in the same spatial location, adding a cognitive 15 

component that delays feedback processing and does not allow one to specifically test the fastest 

visual feedback processes. 

 

Participants 

 Subjects with stroke were recruited from the stroke rehabilitation wards at Providence 20 

Care Hospital in Kingston, Ontario, Canada. All subjects had a single stroke that resulted in a 

lesion on one side of the brain and subjects were categorized into right affected (RA) or left 

affected (LA) based on the most affected side of the body. A total of 10 subjects with stroke 

were recruited (5 RA, and 5 LA). Twenty-one healthy control subjects (people with no 

neurological injuries or disorders) were recruited from the community. Participants were 25 

excluded if they could not understand the task instructions.  

 

Data Analysis 

 Data analyses were performed using MATLAB (The Mathworks, Inc., Massachusetts, 

USA). 30 
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Claims 

 

1. A method for assessing sensorimotor performance of a subject, comprising: 

i) using a mechanical linkage attached to at least a portion of one limb of the subject or 

grasped by the subject to restrict movement of the at least a portion of the limb of the subject to 5 

movement within a workspace;  

ii) using a display device to present a single object to the subject, wherein the object 

moves towards a position of the at least a portion of the limb in the workspace;  

iii) using one or more sensors to obtain one or more of position data, motion data, and 

kinetic data of the limb or one or more portions thereof with respect to the object as the subject 10 

interacts with the object; 

iv) repeating ii and iii for a plurality of trials; 

wherein, for each trial, the subject performs a task in response to the presented object; 

wherein, for a portion of the plurality of trials, a perturbation is applied that requires the 

subject to make at least one rapid motor correction to complete the task; 15 

wherein the perturbation is applied after the object is presented and is at least one of a 

perturbation applied to the at least a portion of the limb of the subject by the mechanical linkage, 

a change related to a position of a representation of the at least one portion of the subject’s limb 

on the display device, and a change related to the presented object by the display device;  

v) using computer software to construct and analyze a data set from the obtained one or 20 

more of position data, motion data, and kinetic data for the plurality of trials and output a result, 

wherein analyzing comprises determining a parameter of one or more of position, motion, and 

kinetics of the subject’s limb or portion thereof during a time period of less than one second from 

when the perturbation is applied; and 

vi) wherein the result is information about the subject’s ability to generate the at least one 25 

rapid motor correction within the time period of less than one second after the perturbation is 

applied. 

 

2. The method of claim 1, wherein each perturbation is the same or different and is selected 

from perturbing the movement of the object, perturbing motion of the limb or the at least one 30 
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portion thereof, and changing a feature of the object such that the subject must respond to the 

change by either interacting with the object or avoid interacting with the object. 

 

3. The method of claim 1, wherein the time period is adjusted according to a selected 

perturbation. 5 

 

4. The method of claim 1, wherein at least one perturbation includes changing a feature of 

the object such that the subject must respond to the change by either interacting with the object 

or avoid interacting with the object requires that the subject’s motor response is different than the 

motor response initially instructed. 10 

 

5. The method of claim 1, comprising obtaining data relating to one or more autonomic 

functions of the subject. 

 

6. The method of claim 1, comprising presenting the object to the subject using virtual 15 

reality or augmented reality in two or three dimensions. 

 

7. The method of claim 1, comprising using a motion tracking system to obtain the one or 

more of position data, motion data, and kinetic data of the limb or the at least one portion of the 

limb. 20 

 

8. The method of claim 1, comprising determining kinetic trajectory data of the limb or the 

at least one portion of the limb with respect to the presented object. 

 

9. The method of claim 1, comprising determining speed and/or velocity of the limb or the 25 

at least one portion of the limb with respect to the presented object. 

 

10. The method of claim 1, comprising obtaining gaze position data as the subject interacts 

with the presented object. 

 30 
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11. The method of claim 1, wherein obtaining the one or more of position data, motion data, 

and kinetic data of the limb or the at least one portion of the limb comprises using the 

mechanical linkage attached to the limb, or the mechanical linkage grasped by the subject, or one 

or more sensors attached to the limb, and related hardware for detecting output signals from the 

one or more sensors. 5 

 

12. The method of claim 1, wherein assessing comprises diagnosing or detecting brain injury 

and/or a neurological disorder of the subject; 

wherein the result provides information about brain injury and/or a neurological disorder 

in the subject. 10 

 

13. The method of claim 1, wherein assessing comprises determining skill level of the subject 

performing an activity; 

wherein the result provides information about skill level in the subject. 

 15 

14. The method of claim 13, wherein the activity is a sport. 

 

15. Apparatus for assessing sensorimotor performance of a subject, comprising: 

a mechanical linkage configured to be attached to a limb of the subject or grasped by the 

subject, wherein the mechanical linkage is adapted to restrict movement of the limb or at least 20 

one portion of the limb to movement within a workspace; 

a display device configured to present a single object to the subject, wherein the object 

moves towards a position of the at least one portion of the limb within the workspace; 

one or more sensors configured to attach to the at least one portion of the limb and/or the 

mechanical linkage that provide one or more of position data, motion data, and kinetic data of the 25 

at least one portion of the limb as the subject interacts with the presented object; 

wherein the apparatus is configured to use computer software to construct and analyze a 

data set including the one or more of position data, motion data, and kinetic data of the limb or 

the at least one portion of the limb obtained from the one or more sensors as the subject performs 

a task in response to the presented object during a plurality of trials, and output a result; 30 
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wherein the apparatus is adapted to apply a perturbation that requires the subject to make 

at least one rapid motor correction to complete the task for a portion of the plurality of trials; 

wherein the perturbation is applied after the object is presented and is at least one of a 

perturbation applied to the at least a portion of the limb of the subject by the mechanical linkage 

and a change related to the presented object by the display device;  5 

wherein the analysis comprises using the computer software to determine a parameter of 

the position and/or motion and/or kinetics of the subject’s limb or portion thereof during a time 

period of less than one second from when the perturbation is applied; 

wherein the result is information about the subject’s ability to generate the at least one 

rapid motor correction within the time period of less than one second after the perturbation is 10 

applied.  

 

16. The apparatus of claim 15, wherein the display device is adapted to display a change in at 

least one feature of the presented object. 

 15 

17. The apparatus of claim 15, wherein the display device is adapted to present the object to 

the subject using virtual reality or augmented reality in two or three dimensions. 
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