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Abstract 

There is a trend that the number of older people and people with stroke are in its 

increase all over the world. Many of them are suffering from poor condition and 

body parts are continued to weaken. Most people visit therapeutic centers or rely 

on expensive medical devices to be able to maintain their physical abilities or 

slow the speed of the deterioration. In fact, most patients with stroke report 

complaints associated with upper limb impairments, which is found to be closely 

related to quality of life. Therefore, we developed a device that provides 

rehabilitation training for upper limbs to help to improve their limited upper limb 

functions or to maintain their current abilities from deterioration by doing 

repetitive and simple rehabilitative training based on neuro-plasticity. This is also 

designed to use at home since it provides rather simple movements such as wrist 

flexion and extension as well as finger flexion and extension that is easily 

wearable. Fingers are rested on separated plates that enable separated movement 

of each finger. In addition, the designed device provides not only unilateral hand 

training, but also unilateral hand training depending on users’ ability whether 

they can passively or actively move their affected hand for rehabilitation training. 

While the main target users of the developing device is people who have limited 

upper limb functions due to stroke, it also aims to target population who have 

weak muscle strength or those who want to improve their muscle strength. We 
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aimed to produce the device in relatively low cost that any individuals can 

purchase the device and use it at home that users can more often exercise.  

At the moment, we have produced a prototype and we expect to administer 

survey with regards to usability. Also, we are going to collect feedback on the 

design and functionality of the product so that chances of commercializing the 

device could be increased.  

 

Problem statement/Research question and background 

Population is rapidly growing old and they are more vulnerable than younger 

people resulting in the higher rate of stoke patients. According to statistics, 

25,725 people died because of stroke in South Korea, 2012 (Health Insurance 

Review and Assessment Service, 2007). It is known that there is proportional 

relationship between age and the rate of people with stroke. In fact, stroke is still 

a leading cause of death for South Koreans in spite of decrease in the number of 

death caused by stroke over the past 10 years. In addition, stroke is the leading 

cause of long-term disability among adults (Jee et al., 2016). According to Olsen, 

the upper limb function is more damaged by stroke and arm dysfunction is one 

of the most common symptoms caused by it. 85% of people with stroke at early 

stage have issues with their arms. After 3 to 6 months of stroke, only small 

number of these people regained their upper limb function while less than 75% 

still have problems with their arms. Feys et al., (1998) suggests that recovery of 

upper limb function requires restoration of not only proximal but also fine motor 

functions such as grasping and manipulation. According to Clinical Practice 

Guideline for Stroke (Rah, 2014), upper extremity muscle strengthening exercise is 

strongly recommended to improve the muscle strength and physical function for 

stroke patients with upper limb weakness. Stroke have major influence on upper 

limb functions and it was reported that quality of life is significantly related to 
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upper limb impairments (Welmer, Holmqvist, and Sommerfeld, 2006; Edwards, 

Hahn, Baum, and Dromerick, 2006). On the other hand, there are a great deal of 

studies conducted to find effective ways of rehabilitation therapy based on a 

theory regarding neuro-plasticity that recovery of impairment caused by stroke 

can be facilitated through active and passive exercises, experience, and learning 

(Bowden, Woodbury and Duncan, 2013). The fact that upper limb rehabilitation 

has been empathized led us into developing a rehabilitation device for upper 

limbs. First of all, we aimed to develop the device that can provide more 

individualized rehabilitation therapy for upper limbs considering the level of 

upper limb functions. Moreover, we aimed to reduce amount of money to 

manufacture the device that the device can be provided in a relatively low cost to 

end users. 

 

Method/Approach/Solutions considered 

In the field of rehabilitation, stroke patients with upper limb impairment are given 

various types of position for rehab training such as tip pinch, jaw chuck, and 

opposition. Also, it is common practice to remove gravity when performing 

Manual Muscle Testing. Removing gravity when testing or doing rehabilitative 

exercise allows to induce voluntary movement for those who have muscle 

weakness. 

When we look at the types of exercise given to stroke patients, specifically for 

upper limbs, there is evidence suggesting that the effectiveness of upper limb 

training concerning neural plasticity. Take CIMT (Constraint Induced Movement 

Training) is a type of rehabilitation therapeutic strategies to constrain an affected 

side arm of stroke patients and force them to use the affected arm as the 

purpose of CIMT is to induce repetitive active exercise. Findings of related 

research indicates that CIMT can lead to increase in use of more affected arm in 

ADL (Taub et al., 1993; Miltner et al, 1999; Taub, Uswatte, and Pidikiti, 1999) and it 
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caused positive reorganization in motor cortex (Liepert et al., 2000). Others have 

investigated the effectiveness of simple movements, such as grasp, wrist flexion 

and extension, and repetition of the movements. It was found that the simple 

were found to be effective in people with less severe stroke patients when 

repeatedly trained and load against the movement were applied (Bütefisch, 

Hummelsheim, Denzler, and Mauritz, 1995). On the other hand, for those who are 

severely impaired  in their upper limbs, stereotyped movements with high 

repetition can be an effective   rehab treatment as long as the movements of 

affected arm are facilitated by external forces applied to the arm (Feys et al., 

1998). 

Having reviewed currently available evidence regarding rehabilitative training for 

upper limbs, which is generally based on neural plasticity theory, we conclude 

that the development of an device for upper limb rehabilitation that offers wrist 

movement without gravity and also that enables selective finger movements are 

necessary. In addition, both unilateral and bilateral upper limb exercise that 

enable both active and passive hand exercise should be provided while taking 

individuals’ physical abilities into account. Apart from the features of the 

developing device, we intended to design the device to be used at home. 

Therefore, ease of wear and use were considered as one of most important 

aspects of development.  

 

Table 1 Summary of Evidence 

 

Active Training Passive Training 

Intended 

Users 

• People with less severe 

impairment 

• People with less severe 

impairment 

Utilization • Unilateral upper limb 

exercise (Active training) 

• Bilateral upper limb exercise 

(Passive training) 

• Mirror Therapy 
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Description of Final Approach and Desig 

FLICO was designed to satisfy the requirements. FLICO can be divided into    

two main parts. One is a platform where gloves to be installed on and the other 

part is gloves that a user can put on.  

Figure 1 Overview design 

 

On the other hand, there are four parts consisting the glove. Firstly, there are 

straps that enables easy to wear and keep a forearm steady. Second, there is a 

guiding rail that allow simple movement of wrist flexion and extension. Next, 

there are four finger plates where finger rest on and there is a spring installed 

underneath of the plate to induce resistance. Finally, there is a lever that can 

change the level of resistance for wrist movement. There are two gloves attached 

to the platform and both glove are designed to be detachable from it. 

     Figure 2 Detachable glove 
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As mentioned earlier, F.L.I.C.O. has both active and passive training modes and 

simple and stereotyped movements can be exercised while the repetition of such 

movement, which have been proven effective in people. Active training was found 

to be mainly effective for stroke patients with less severe impairment and this 

type of exercise can be provided with F.L.I.C.O. 

Figure 3 Active training 

 

For active training, users will have to move their wrist and fingers actively. There 

are no assistance when moving the hand. Since there are springs underneath the 

plates of fingers, loads are applied against finger movement.  

On the other hand, F.L.I.C.O. also provides bilateral upper limbs exercises. Two 

gloves are installed on a platform and the two gloves are linked that movement 

of a glove causes the movement of the other glove. For example, if a person 

have impairment on left hand, the person can do exercise for the left hand by 

moving right hand and the glove for the left hand will move together. In addition 

to bilateral training, F.L.I.C.O. can serve as an instrument for mirror therapy if the 

affected side of hand is covered and place a mirror at the center of the platform. 

Therefore, when an unaffected side hand moves, this will be reflected on the 

mirror and create illusion for the person that the affected side hand moves as if 

there is no impairment on the hand. 
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  Figure 4 Passive training 

 

 

Outcome (results of any outcomes testing and/or user feedback) 

We have not deployed the device to discover efficacy of the device yet. However, 

we conducted a survey on this rehabilitation device we are developing with 

healthcare providers. We tried to recruit stakeholders of rehabilitation devices. 

The majority number of the professionals were physiatrists followed by 

occupational therapists and physical therapists. Also, survey participants included 

employees from medical device manufacturers. However, stroke patients who are 

main target user of F.L.I.C.O were not included in this survey while another survey 

is being planned to evaluate the developing device in the view of users. 

We created questions in terms of opinions on overall design, fit, and practicality. 

The results of the survey as follows. For opinion on the device, the responders 

felt that the device should come in various sizes, for example, Therefore, they 

expressed the necessity of broader range of size. Also, they expressed the 

resistance should vary depending on the condition. Fortunately, this was 

considered in current F.L.I.C.O. that spring tension for wrist can be adjusted 

whereas this feature for fingers is under development. The responders expressed 

moderate to good for the comfort and practicality of the developing design. 
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Cost (Cost to produce and expected pricing) 

Cost of development of F.L.I.C.O was approximately $5,000 including 3D rendering 

design and structure of the device. However, we expect significant manufacturing 

cost if engaging mass production. Therefore, sale price of the device is expected 

to reduce. We analyzed prices of currently available device for upper limb 

rehabilitation and we aim to deliver the device in a relatively low cost. In fact, 

F.L.I.C.O. seems to be one of cheapest items available on the market. 

Features FLICO S Co. N Co. E Co. 

Feature 1 

Design for 

 people with  

stroke 

Design for 

 people with  

stroke 

Not design for 

 people with  

stroke 

Not design for 

 people with  

stroke 

Feature 2 
Self-exercise & 

Using application 
Self-exercise 

Self-exercise &  

Using application 
Self-exercise 

Price $4,000~5,000 $24,000 $12,000~18,000 $15,000 

 

Significance 

With the development of F.L.I.C.O., we expect to seek a way to deliver 

rehabilitation trainings that are more suitable for people with stroke and their 

severity of upper limbs impairment and to provide low cost device in which only 

necessary part for users can be provided.   
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