
1) Problem Statement/Research Question and Background 

Stroke has been well-known as the most common cause of disability and death worldwide. 

Every year there are estimated to be 15 million of people who have experienced a stroke [1]. 

Loss of hand mobility is observed on most stroke patients, which inhibits their activities of 

daily living (ADL) and reduces patients’ quality of life (QOL) [2]. Rehabilitation exercises 

including active, repetitive, task-specific upper-limb movement are suggested for improving 

the function of impaired hand within the first six months after a stroke [3], but not all the 

patients can receive such treatment due to insufficient number of well-trained physiotherapists 

[4]. Therefore, researchers introduced robotic hand devices for helping provide more intensive 

rehabilitation training to patients. Traditional actuation mechanisms of hand rehabilitation 

devices can be classified into linkage-based [5] and wire-driven [6]. Although their clinical 

efficacy has been proven [7], [8], drawback exists in the reduced level of comfort and 

compliance due to the bulkiness and constant stretching of fingers [9]. As a result, these devices 

hinder the performance of daily activities assistance. 

Soft robotic hands/gloves that are pneumatically actuated are proposed to improve the 

compliance of traditional devices [10], [11]. Utilizing soft materials, e.g. silicone rubber, fabric, 

etc. can allow the soft robotic devices to be compact due to the low inherent stiffness and high 

compliance of soft materials [12]. Examples of existing soft robotic hands include the soft 

robotic glove by Polygerinos et al. [10], and the ‘EsoGlove’ by Yap et al. [11]. However, in 

hand rehabilitation, finger flexion and extension are of equal importance. The soft robotic 

glove passively controls finger extension by the very finite elasticity of elastomeric actuators 

on fluid depressurization. The insufficient extension force created by the limited elasticity of 

elastomer would not be able to facilitate hand opening for stroke survivors suffering from 

significant levels of poststroke finger spasticity due to increased muscle tone in finger flexors 

[13], [14]. Another bi-directional soft robotic glove is further proposed to increase the 

extension torque [14]. The glove generally controls finger extension by placing a thermoplastic 

polyurethane (TPU)-based airbag-like extension actuator underneath to the bending actuator, 

allowing the actuator to be straightened up on the inflation of bottom extension actuator. Still, 

the overall size of each bi-directional actuator become bulky for reducing the bending 

resistance imposed by the bottom extension actuator, making the glove to be hard to fit to 

stroke survivors. 

2) Methods/Approach/Solutions Considered 

Our 3D-print soft robotic hand for stroke rehabilitation and daily activities assistance features 

the advantages of light weight (around 200 grams), water-proof, close-fitting and cost-

affordable (around USD $2,000). The key component of the soft robotic hand is our patented 

design of 3D printed Soft-Elastic Composite Actuator (SECA), which assists stroke patients in 

performing effective finger flexion and extension using one pressurizing source. No extra 

actuator is needed for improving the performance of finger extension, which makes the design 

much bulkier. Besides, with the development of 3D printing with silicone rubber, a high-

quality durable SECA can be directly 3D printed within a short period of time.  



Compared with conventional robotic devices, our 3D-print soft robotic hand therefore can 

assist patients in performing more hand function tasks for aiding in activities of daily living 

(ADL), for example, wringing a towel and gripping a pen. These kinds of daily tasks are 

difficult to be completed when patients are using the conventional metallic robotic devices 

because of their bulkiness. The system is controlled by user intention (e.g. muscle activities 

[EMG] and brainwave[EEG]) to facilitate neuro-rehabilitation to regain hand function after 

stroke. 

3) Description of Final Approach and Design 

The SECA presented includes an 3D printed elastomer bladder reinforced with fiber wrapping 

and a torque compensating layer (see Figure 1). The composite design with a torque 

compensating layer can facilitate both flexion and extension on the same unit. On 

pressurization, the fiber wrapping eliminates radial expansion and the torque compensating 

layer further restricts bottom axial elongation, resulting in bending motion. On 

depressurization, the torque compensating layer facilitates the SECA to extend to its initial 

undeformed position. Meanwhile, the aforementioned soft robotic hand designs allow flexion 

only without considering extension.  

Multiple SECAs are then integrated to a 3D printed hand base as a mean of securing the 

actuators to finger joints (see Figure 1). The 3D printed hand base is designed to fit with the 

dorsal surface of the palm, enabling a better hand fitting design. Open-palm design adopted 

also allows the soft robotic hand to be easily put on stroke survivors with tightly clenched hand. 

Air tubes are connected to all the SECAs for supplying input fluid pressure to actuate finger 

flexion and extension. Total weight of the 3D printed soft robotic hand is approximately 200 

grams, which will not create extra burden to the impaired hand that may impede natural hand 

movement. 

     

Figure 1. The design of 3D printed SECA and the soft robotic hand 

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

Two stroke subjects were recruited to evaluate the effect of rehabilitation training with the new 

personalized 3D printed soft robotic hand (see Table 1). 20 sessions (3 sessions per week) of 

hand function rehabilitation training (First 10 sessions: hand opening and closing, remaining 



10 sessions: to conduct some activities of daily living (ADL) using the 3D printed soft robotic 

hand, including to grip an empty plastic bottle (radius: 2.8cm, height: 21.5cm) and to grasp a 

marker pen (radius: 0.75cm, length: 11.5cm).) were given to each subject. Each session lasted 

for 45 minutes, while 5 minutes break time was given in each session to prevent muscle fatigue. 

As the outcome measurements, the wrist and hand scale of the Fugl-Meyer Assessment for 

upper extremity (FMA-UE), Box-and-Block test (BBT), and normal grip force (Jamar® 

Dynamometers, JLW Instruments, U.S.A) assessed before and after 20 sessions of training are 

compared (see Table 2). FMA-UE evaluates voluntary motor function of upper limb based on 

the completion of standard movement sets [18]. Box-and-Block test measures unilateral gross 

manual dexterity by counting the number of moved blocks from one compartment of a box to 

another of the same size in 1 minute. More moved blocks indicate better hand function [19]. 

TABLE I.  DEMOGRAPHIC INFORMATION OF THE RECRUITED SUBJECT 

 Subject A Subject B 

Age (years) 71 64 

Gender Female Male 

Hemiplegic side Left Right 

Stroke type Ischemic Ischemic 

Time after onset 30 months 8 months 

 

From the results, it is observed that both subjects have improvement of their hand function 

after the rehabilitation training. The increase of grip strength for both subjects is very similar 

to each other. For subject B, more improvement is observed in the Box-and-Block test, which 

a significant increase of the moved blocks in 1minute is recorded after the training. In terms of 

Fugl-Meyer Assessment, similar change is captured on their wrist and hand motor function. 

TABLE II.  OUTCOME MEASUREMENTS OF THE REHABILITAION TRAINING WITH THE 3D PRINTED 

SOFT ROBOTIC HAND 

 Subject A Subject B 

 Pre. Post. Diff. Pre. Post. Diff. 

Wrist and Hand of FMA-UE 

(Full: 24) 

10 15 +5 12 15 +3 

BBT  13 15 +2 23 37 +14 

Grip force (kg) 6.7 7.8 +1.1 10.4 11.5 +1.1 

 

The improvement of hand function also assists the subjects in independently performing some 

ADL without the soft robotic hand (see attached video link, Figure 2). In the test, subject A 

regained ability of grasping a small coin (radius: 1.3cm, thickness: 3.5mm), which is failed to 

be accomplished before the training. Fine finger movement is also improved for subject B, 

which he could perform the win gesture that could not be completed before. 

 



 

Fig. 2. (a) Subject A grasping the coin and (b) Subject B performing a win gesture 

successfully after 20 sessions of training 

5) Cost (Cost to produce and expected pricing) 

Production Cost Expected Pricing 

Printing cost of one SECA: USD $ 200 

Printing cost of one hand base: USD $ 50 

Control circuit: USD $100  

Total production cost of one soft robotic hand:  

~ USD $1,150 

 

Total price of one soft robotic hand: 

~ USD $2,000 

 

 

6) Significance 

With the emerging market of 3D printing with silicone, even the pediatric stroke patients can 

have the chance to improve their hand function by participating in the new rehabilitation 

training program with our 3D printed soft robotic hand. For conventional robotic devices, it 

was never possible to design a rigid exoskeleton robotic hand to suit all fingers in each 

individual given the limited choice of electric motors. With all the advancements, our soft 

robotic hand can be 3D printed to suit any stroke individual with any hand condition, including 

the small size of hands. 

Besides, a new task-oriented rehabilitation training program with our 3D-print soft robotic 

hand can be potentially introduced to day-care rehabilitation centers and at home. During the 

rehabilitation training, the patients are asked to perform specific daily tasks, for example, to 

grasp a glass and to wring a towel. Compared with the traditional training procedure (only 

requires patients to perform hand closing and opening with the traditional robotic devices), a 

task-oriented training program will facilitate a better hand function recovery. Therefore, more 

disabled individuals, including pediatric stroke patients, who are discharged from hospitals can 



participate in the rehabilitation training program. The staff members in the centers can also 

provide hand function training with the assistant of the soft robotic hand. More stroke patients 

and elderly can have the chance to use the soft robotic device and get recovered.  

Last but not least, patients could choose to purchase the 3D-print soft robotic hand and conduct 

their own training program at home, and therefore the recovery process can be accelerated. 

Given the aforementioned advantages of our 3D-print soft robotic hand, patients, including 

pediatric stroke patients, can also use the soft robotic hand anytime at home for ADL assistance 

as soon as they want extra help during performing the daily tasks. It motivates their willingness 

in using their impaired hands again, which is important for keeping them participate in stroke 

rehabilitation training. 
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