
Mechanical Design of a New Device to Assist Eating for People 

with Movement Disorders 
 

Being able to eat without a caregiver’s assistance is an important aspect of independent daily 

living. Unfortunately, many people who have movement disorders (ex. tremors, spastic motions, 

lack of muscular tone), which are linked to various diagnosis (ex. cerebral palsy, Parkinson’s 

disease, dystonia, multiple sclerosis, stroke and muscular dystrophy) cannot eat autonomously. 

Over the years, different assistive technologies (AT) have been developed for people living with 

upper body disabilities. However, following a consultation with twenty occupational therapists in 

Quebec, Canada, it was revealed that current solutions did not answer the needs of people living 

with movement disorders such as spasms/ataxia/dyspraxia. Following a review of devices 

proposed in the literature[1]–[4] and of existing commercial solutions [5], [6], [15], [7]–[14], two 

main categories of solutions were found for eating assistance: mechanical systems and robotics 

devices. These systems were reviewed during a roundtable with occupational therapists and 

engineers. It was revealed that existing mechanical systems aimed at reducing the effect of 

spasms are often too difficult to operate in practice (either because they were too simplistic, 

provided an insufficient degree of freedom or required non-negligible force to operate). Robotic 

eating devices and robotic assistive devices were revealed to be an interesting option for people 

living with movement disorders. However, four main problems emerged, i) the cost of these 

devices (ranging from approximately US$ 6k to 25k) is a significant obstacle to accessibility. ii) 

While some of these devices allow the user to execute various tasks, they might be time 

consuming and difficult to operate and do not provide the user with a sufficient level of 

dexterity. iii) Use of these devices requires only minimal movement by the user (e.g., pressing a 

switch or operating a small joystick); some individuals living with motion-limiting conditions, 

however, often have the capacity to move their arms in space but not smoothly enough to eat 

autonomously. It is thus hypothesized that a system that would enable these individuals to eat 

autonomously by stabilizing their motion might be more appropriate as it would encourage them 

to make maximum use of their existing motor skills. iv) No middle-of-the-road solution exists 

between simplistic mechanical devices and sophisticated robotic devices, both in terms of cost 

and functionality. In the end, many people living with movement disorders are not able to eat 

autonomously. The objective of the project is thus to design an assistive eating device for people 

living with movement disorders. The design should also consider accessibility issues (i.e. cost) 

and acceptability considerations. As a first step, the aim of this project is to address two types of 

motor disorders: a) contractures due to spasticity or joint deformities (which prevents from 

holding the utensil parallel to the ground), b) abrupt movements (e.g. spasms, ataxia, dystonia). 

The general goal is to improve user’s autonomy and quality of life, along as to reduce the 

caregiver workload. 

Methods/Approach/Solutions Considered 

The project used an interdisciplinary, iterative and user-centered methodology. The project is 

decomposed into four major steps:  

1) Establishing the current situation related to autonomous eating amongst the target population. 

Informal consultations with twenty occupational therapists and a formal focus group with three 

occupational therapists, four potential technology user (three children and one adult living with 

cerebral palsy) and four caregivers (three parents and one spouse) to evaluate the eating 

challenges faced by those living with movement disorders were conducted. The objective was to 



better understand the current situation and the relevance of developing a new assistive device 

those people. 

2) Performing a review of the commercially available products and the solutions presented in 

scientific literature. The review was performed through three sources: a) the devices suggested 

by occupational therapists during the focus group in (1), 2) commercially available solutions for 

independent eating found on assistive technology company’s websites, 3) a review of the 

scientific literature. These solutions were presented to a second focus group (composed of the 

same stakeholders) in order to have a clearer understanding of the advantages and drawbacks of 

the different systems. 

3) Development of a functional prototype. Different solutions (i.e. arm support, exoskeleton) 

were considered. A device that would be fixed to the table and external to the user (i.e. not wore 

by the user) was selected for its simplicity. Different architectures of table-based design were 

then imagined by the engineering team using CAD modeling and 3D printing. The solutions 

were then presented to occupational therapists to find the most promising designs. The position 

of the device relative to the user (e.g. in front, on the side) was also an important point of 

discussion. After experiments with the prototypes, it has been decided that the mechanism should 

be fixed in front of the user to facilitate the movement and improve ergonomics. The mechanism 

can be fixed to a table or on a tray attached to a powered wheelchair. Prototypes of the devices 

were then built and presented iteratively to occupational therapists and potential users to find 

improvements to the device for future iterations.  

4) Evaluation of the prototype. Five participants with cerebral palsy completed the evaluation. 

Participants were included if they were over 6 years old and had upper arm disabilities that 

limited their capacity to eat independently. Each person participated in an individual testing 

session, which lasted approximately 30 minutes. First the participant had to bring the food to 

their mouth with their usual adapted utensil and eat it out of the utensil ten times. Afterwards, the 

eating assistive device prototype was installed on the table in front of the participant and the 

height was verified again to fit the participant. The setup is shown in Fig.7. They were given 

time to manipulate the device. Each participant then had to try to bring apple puree to their 

mouth using the prototype of the assistive device. At the beginning of each session, 

sociodemographic and clinical data were collected using a home-made questionnaire on age, 

gender and diagnosis. Then, during the evaluation, the task completion time (from the mouth to 

the plate and back to the mouth), the spoon 

maximum angle during the trajectory, the 

qualitative fluidity and the capacity to put the food 

in the mouth were evaluated. 

Description of Final Approach and Design 

a) General overview. The final proposed system is 

shown in Fig. 1. It is designed to be installed on a 

table or a wheelchair tray in front of the user with a 

plate situated between the mechanism’s base and 

the user. A standard utensil, as a spoon, is attached 

to the mechanism. As a result of the mechanism 

design, the spoon always remains parallel to the 

ground. Users operate the device by grasping the 

 
Figure 1. Complete assembly of the assistive 

eating device. 



handle to move the spoon from the plate to their mouths. Mechanical inertia and dampers allow 

stabilization of the user’s motion as these actions are carried out.  

b) Mechanism. Fig. 2 presents three variations on the potential mechanism, in order of increasing 

complexity (Fig. 2a, b, and c, respectively), all of which allow the same three degrees of 

freedom. Fig. 2a shows a simple system with three pivots (J1, J2, and J3), which is known as an 

RRR mechanism. Three main drawbacks are associated with this design. In order to damp the 

motions, three dampers should be added, one at each joint (J1, J2, and J3). However, having a 

damper at J3 would be very cumbersome since it would require supporting the damper weight by 

both the mechanism and the user. Secondly, the spoon orientation would change depending on 

where the spoon is in space (as shown in shade in Fig. 2a). Finally, the equilibrium of the device 

would more difficult to perform (as discussed in the “static balancing” section below). 

 
Figure 2b shows an improved version where a four-bar mechanism replaces link L3. The 

additional link allows all the dampers to be placed at the base of the device. This prevents the 

user from having to support the weight of the damper, allows the use of a more delicate 

mechanism and simplify static balancing of the mechanism. However, the spoon orientation in 

this arrangement is still dependent on the mechanism position as in Fig. 2a. 

Figure 2c shows an improved version where two more links are added to the mechanism. The 

resulting mechanism consists of two new parallelograms linked together. Each parallelogram 

consists of four bars, which are fixed at two points to the base plate and share two points with the 

other parallelogram. The upper parallelogram is fixed to the end effector where the spoon is 

attached. This mechanism has all the 

advantages of the previous, but because of 

the additional links forming a total of three 

parallelograms, it maintains the utensil in a 

constant orientation throughout the 

mechanism workspace. A more detailed 

description of the mechanism is presented in 

a patent [16].  

Figure 3 shows the final mechanism in 

various configurations. It can be observed 

that the spoon remains in a constant 

orientation, parallel to the ground. This, 

however, restricts the user from being able to 

control the orientation of the utensil – for 

instance, to perform a scooping motion. At 

 
Figure 2. Presentation of the planar parallel bar assembly. The base mechanism is shown in Fig. a. Figure b 

shows the added parallelogram where the second damper would be located on the base. Shaded positions of the 

spoon show the non-constraint spoon rotation. Figure c. shows the complete assembly with the two 

parallelograms used to maintain the orientation of the spoon. 

 
Figure 3. Two different positions of the mechanism 

showing the constant angle of the spoon parallel to the 

ground during use and the maximum reach from the 

plate to the user’s mouth. 



present, based on our discussions with occupational therapists, the preferred approach is however 

to maintain the utensil in a constant orientation. Indeed, if the mechanism allows the user to 

control the utensil orientation, this also means that the user could inadvertently change the 

orientation of the utensil and thus drop its content. In the target population, this would most 

likely occur because of spasticity, ataxia or joint contractures.  

A prototype of this mechanism was designed as illustrated 

in Fig. 1. The mechanism shown in Fig. 3 allows the 

utensil a reach from the plate to the mouth of 30cm 

vertically and 30cm horizontally. These dimensions were 

selected in order to reach the mouth of an average-sized 

adult user. A smaller version could be designed for 

children.  

c) Stabilizing the movements. Dampers were added to the 

mechanism presented in Fig. 3 to damp or absorb abrupt 

motions. Fig. 4 shows the damper on the prototype. 

Damper 1, placed under the round base, allows damping 

motion along joint 1 (for left-right motions), damper 2 

allows damping motion along joint 2 (for forward-

backward motions) and damper 3 allows damping motions 

along joint 3 (for up-down motions). As described earlier, 

as a result of the mechanism design, none of the dampers 

require support by either the structure or the user, since all 

of them are fixed to the base.  

d) Static balancing. Some users in the target population may have limited muscular strength, 

which could make use of the device difficult. An arrangement with springs is used as a gravity 

compensation. It supports the mechanism and maintain it in position, wherever the mechanism’s 

is in space.  

e) Handle design. The handle is installed with an 

adjustable support allowing it to be oriented in any 

direction. It can also be adjusted for right- or left-handed 

users. The handle can rotate along its length for users with 

limited wrist movements or contractions. The screw used 

on axis 1 can also be released to unlock the fixed 

orientation of the spoon.  

Outcome 

Results from the testing sessions with five participants 

living with upper arm disabilities limiting eating activities 

showed that the use of the prototype for participants 1 and 

2 (6 and 7 years old) was very difficult, because the 

required movement amplitude at the shoulder was too important. Participant 5, who usually 

requires to be fed by a caregiver, was successful to take a few bites independently with the 

prototype; the movement was however difficult to perform, mainly because of the range of 

motion required at the shoulder. Participants 3 and 4 (14 years old) were having difficulties to 

maintain their standard utensil straight, presented movement incoordination and thus spilled their 

 
Figure 4. Simplified view of the 

proposed eating device. The first 

damper is linked to left-to-right 

movement, the second damper is for 

forward-backward motion and the 

third damper is for up-down 

movements. 

 
Figure 5. Close-up view of the handle 

and spoon holder. The adjustment 

screws are shown in blue and moving 

axis in red. 



food for both these reasons. The eating assistive 

device prototype helped to damp involuntary 

movements and to maintain the utensil straight.  

For participants 3 and 4, three metrics were 

observed. 1) The task completion time is shown in 

Fig. 7. The assistive device slightly decreased the 

task completion time for the two users but not 

statistically significantly. 2) From the plate to the 

mouth, their usual adapted spoon reached a 

maximum average of 40° (participant 3) and 35° 

(participant 4); with the prototype however, the 

spoon was always kept parallel to the ground. 3) 

The general movement fluidity using the assistive 

device increased compared to the use their usual adapted utensil.  

In the end, the prototype allowed them to take more complete bites and prevented them from 

spilling food. It was also observed that the prototype had allowed to improve the overall posture 

of the user by maintaining the arm and the body in a better alignment to reach the spoon. Indeed, 

with their usual utensil, users tend to lean their body forward in order to get closer to the plate.  

Four main improvements for future iterations of the prototype were identified. Firstly, the most 

important aspect is to reduce the required amplitude at the shoulder to perform the movement. 

Indeed, as it can 

be observed in 

Figs. 1 and 6, 

the spoon 

height is lower 

than the handle 

to prevent the 

mechanism to 

hit the plate; 

this thus 

requires 

elevating the 

shoulder higher 

than when 

using a normal 

spoon. 

Secondly, 

different shapes of handles should be offered. Thirdly, the level of damping the mechanism 

provides should be adjustable. Finally, the mechanism does not currently allow to rotate the 

utensil (for instance to use a fork); this is the normal behavior for a spoon (to prevent the user to 

inadvertently rotate the spoon) but would be necessary for other kinds of food. 

The objectives of this project were threefold: 1) to establish the current situation related to 

autonomous eating amongst the target population (people living with movement disorders related 

to contractures and movement incoordination (ataxia, dispraxia), 2) to design a proof of concept 

of an assistive technology that would stabilize the user’s motion and enable them to eat 

 
Figure 6. Participant using the assistive eating 

device during testing session. 

 
Figure 7. Time required to complete an eating movement from two different potential 

users, to take the utensil to the plate and back to the mouth. Trials using each individual’s 

usual adapted utensil are shown in red and trials using the developed assistive device are 

shown in blue. 



independently, and 3) to perform a preliminary evaluation of the prototype to assess its 

performance and to guide the development of future iterations of the device. From the 

roundtable, it was confirmed that currently available devices did not answer the needs of the 

target population. As a first version of a prototype, the evaluation led to encouraging results. 

While it was not usable for participants 1, 2 and 5, it showed a great potential for 

participants 3 and 4 by helping them to stabilize their movement and to maintain the 

utensil straight and confirmed the feasibility of the concept. More importantly, the 

evaluations led to observe important improvements that will be brought to the device in future 

iterations that should improve the performances and enable to assist a larger range of user. 

Another important factor is that the whole solution is purely mechanical (no electronics); which 

could help reduce the complexity and cost of an eventual product. 

Cost 

The eating assistive device has been designed in order to develop an affordable solution for 

accessibility issues. The production cost of the prototype we have realized is US$ 830 and is 

detailed in Tab. 1. 

Table 1 – Assistive eating device prototype production costs versus costs per unit for 10 units production. 

 Prototype price (US$) Unit price for 10 (US$) 

Materials (aluminium, plastic, steel, etc.) 150 150 

Machining 380 250 

Parts 300 230 

TOTAL 830 630 

 

It does not include engineering development time and consultations with clinicians. Several 

improvements could be brought to reduce the production cost. The machining cost was high 

because only one instance of the device was built; most of machining labour is to prepare the 

first part. A larger production quantity (even small numbers such as 10 devices) would 

significantly reduce the cost since discount on such quantity are available on parts. It would also 

be possible to improve the design on what we have learned to reduce the costs. Keeping in mind 

the current design but with the hypothesis that 10 devices would be build, the unit production 

cost approximation of 10 of the current prototypes is US$ 630. The expected pricing would be 

US$ 1500, which is similar to current mechanical solutions and much cheaper than robotic 

solutions (US$ 6k to 25k). 

Significance 

The current prototype was developed as a preliminary proof of concept with the objective of 

evaluating the potential use of this technology by individuals living with movement disorders 

such as spasticity and ataxia. Evaluations of the prototype have shown that the mechanism was 

already able to help some users to keep the utensil parallel to the ground and to improve 

movement fluidity (reduce spastic movements). It is expected that improvements to the device, 

that were collected during the evaluations, will enable to assist a larger range of users. In the end, 

the device should help people living with movement disorders to be able to eat autonomously 

and enable them to gain in dignity and quality of life. The device should also reduce the burden 

on natural caregivers and/or reduce the costs of care, which is very important in an ageing 

population context, where we will have to take care of more people losing autonomy, but with 

less active resources.  



Acknowledgements 

This work is supported by the Fonds de recherche Québec Nature et Technologies (FRQNT – 

INTER Strategic Network, grant #2018-RS 203302) and funding provided by the Centre 

interdisciplinaire de recherche en réadaptation et intégration sociale (CIRRIS) 

References 

[1] D. Park, H. Kim, Y. Hoshi, Z. Erickson, A. Kapusta, and C. C. Kemp, “A multimodal 

execution monitor with anomaly classification for robot-assisted feeding,” in 2017 

IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS), 2017, pp. 

5406–5413. 

[2] L. Herlant, “Algorithms , Implementation , and Studies on Eating with a Shared Control 

Robot Arm.” 2016. 

[3] P. D. Roberts, Robot Motion and Control 2009, vol. 396, no. 1. 2009. 

[4] H. Pourmohammadali, “Design of a multiple-user intelligent feeding robot for elderly and 

disabled,” ProQuest Diss. Theses, vol. MR34377, p. 168, 2007. 

[5] Bios Medical, “Liftware Steady Starter Kit.” [Online]. Available: 

https://biosmedical.com/collections/frontpage/products/liftware-starter-kit. [Accessed: 18-

Feb-2019]. 

[6] Neater Eater, “Neater Eater.” [Online]. Available: http://www.neater.co.uk/neater-eater/. 

[Accessed: 18-Feb-2019]. 

[7] Flag House, “Action Arm | FlagHouse.” [Online]. Available: 

https://www.flaghouse.ca/Daily-Living/Miscellaneous/Action-Arm.axd. [Accessed: 06-

Jul-2018]. 

[8] North Coast Medical, “Friction Feeder Mobile Arm Support.” [Online]. Available: 

https://www.ncmedical.com/item_1634.html. [Accessed: 06-Jul-2018]. 

[9] Focal Meditech, “Nelson,” 2010. [Online]. Available: 

https://www.focalmeditech.nl/en/content/nelson. [Accessed: 06-Jul-2018]. 

[10] Assistive Innovations, “iEAT Feeding Robot,” 2016. [Online]. Available: 

https://www.assistive-innovations.com/en/eatingdevices/ieat-feeding-robot. [Accessed: 

06-Jul-2018]. 

[11] North Coast Medical, “Winsford Feeder,” 2011. [Online]. Available: 

https://www.ncmedical.com/wp-content/uploads/2011/07/Winsford-Broch_web_0611.pdf. 

[Accessed: 18-Feb-2019]. 

[12] OBI, “Robotic feeding device designed for home care,” 2018. [Online]. Available: 

https://meetobi.com/. [Accessed: 06-Jul-2018]. 

[13] Kinova, “Robotic assistive technology.” [Online]. Available: 

https://www.kinovarobotics.com/en. [Accessed: 18-Feb-2019]. 

[14] A. Campeau-Lecours et al., “Kinova Modular Robot Arms for Service Robotics 

Applications,” Int. J. Robot. Appl. Technol., vol. 5, no. 2, pp. 49–71, Jul. 2017. 



[15] V. Maheu, J. Frappier, P. S. Archambault, and F. Routhier, “Evaluation of the JACO 

robotic arm: Clinico-economic study for powered wheelchair users with upper-extremity 

disabilities,” in 2011 IEEE International Conference on Rehabilitation Robotics, 2011, pp. 

1–5. 

[16] A. Campeau-Lecours, P. Turgeon, T. Laliberté, and F. Routhier, “Feeding assistance 

apparatus,” U.S. Provisional Pat., 2018. 

 

 


