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ABSTRACT  

Human hands are made to do everything: grasp objects, 

communicate, perform daily tasks, and learn. Certain people 

with difficulties using their hands are affected greatly by 

spasticity, uncontrolled tightness in hand muscles, and impaired 

motor function in their hands. Hand spasticity specifically can 

be caused by several medical conditions including cerebral 

palsy, stroke, arthritis, and carpal tunnel. Often an individual's 

hand remains in a clenched fist position causing pain and limited 

mobility within the fingers. Many products exist on the market 

that specifically help meet the clinical needs of opening and 

extending a hand for long periods of time. Individuals can 

purchase products, but they are usually only used during 

occupational therapy sessions due to their high cost. The Hand 

Extender is a wearable designed for participants who struggle 

with functional use of their hands, and over time the Hand 

Extender is designed to support and aid their hand in everyday 

functions. Similar products only come in a few standard sizes, 

resulting in potentially poorer fit, e.g., commercially available 

products are not currently sized for the pediatric population or 

participants with an abnormal hand size. The custom fit glove of 

the Hand Extender made possible via 3D printed parts 

accommodates all participant populations with a variety of 

different hand sizes. The tailored glove also provides more 

accurate extension due to the better fit. A custom fit 3D Hand 

Extender was able to accurately fit two adult participants with 

different sized hands and normal hand function.  
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INTRODUCTION 
Hand spasticity can be caused by several diagnoses such as 

cerebral palsy, arthritis, carpal tunnel syndrome, and stroke [1]. 

These individuals may suffer from severe spasticity in their 

hands and limited functional grasp or extension in their fingers. 

Spasticity is defined as uncontrolled tightness in hand muscles. 

In children, cerebral palsy can present where the hand muscles 

become stiff and more difficult to use over time; individuals 

often clench their hands into a fist where the hands need to be 

slowly opened to loosen the muscles. Arthritis that presents in 

adults’ hands causes stiffness and swelling of the joints which 

causes severe pain for individuals, who often need extra support 

in their hands to increase comfort. In a condition called carpal 

tunnel participants' hands weaken over time, so participants 

benefit from treatments that help stretch their hands to loosen the 

joints. Weakness, limited mobility, and spasticity in the hands 

are caused by strokes. Individuals post-stroke with upper limb 

mobility can benefit from performing activities while their hands 

are being supported. Various devices have been created to help 

increase the mobility of individuals’ hands who have 

impairments from the conditions described. Participants may 

only wear a supportive device for 30-45 minutes one time per 

week due to high device cost and therefore may not show 

significant improvement in hand function. Wearing the device 

continuously throughout the day may help loosen joints and 

regain mobility faster than once per week, aiding an individual 

to gain hand function that was previously lost. During extension, 

the hand needs to be pulled in the correct direction to prevent 

further impairment to an individual’s hands. The Hand Extender 

is a custom-fitted 3D printed glove using off the shelf 

commercially available parts and thus may be a more affordable 
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option for individuals to wear comfortably in their home for 

extended amounts of time. This project specifically considers the 

Hand Extender device developed to help with each of these 

conditions and increase mobility in a participant's hands.  

Several techniques are used by occupational therapists to 

improve hand function, focusing on functional tasks that also use 

fine motor skills such as self-care, cooking, and grasping objects. 

In more severe cases a glove is to be worn to perform the 

activities. The glove holds the natural position of the wrist and 

allows the fingers to move freely. Participants wear the glove 

approximately 1 hour each day for a maximum of 4 months, 

depending on the intensity of care they are receiving. The glove 

is worn during therapy sessions and at home to complete 

activities. These occupational therapy sessions were shown to 

help improve the participant's motor function by wearing the 

glove and completing the activities provided [2].  

A commercially available product, the SaeboGlove, is 

available to provide this help during occupational therapy 

sessions and at home. The Hand Extender developed by this 

research is similar to the SaeboGlove except not in price. A pair 

of Sabeo Gloves costs around $600. The Hand Extender costs an 

estimate of $220 per pair, although the price can vary based on 

the amount of material needed for the custom 3D print. If the 

SaeboGlove is used for a pediatric population, this cost does not 

consider that a participant can out-grow multiple pairs of gloves 

in their lifetime, whereas the Hand Extender is much less 

expensive to manufacture. The manufacturing cost of the glove 

is estimated to be $200, and the cost of materials is 

approximately $20 for a pair. The Hand Extender also appears 

easier to donn and doff (take on and off). This prototype tests and 

aims to prove improved grip strength, motor skills, and ease of 

use; the authors are not aware of other products that meet these 

objectives.   

The Hand Extender is a 3D printed custom-sized glove 

tailored to a participant’s hands that gently stretches their hands, 

eventually loosening the joints and muscles within. Consistently 

wearing the glove every day for several weeks may help improve 

motor skills. Repeating patterns of movement while 

continuously wearing a support device has been shown to help 

restore function for simple tasks such as picking up an object that 

requires the use of hands.  

Several tests were performed to evaluate the SaeboGlove. 

One study evaluated stroke participants whose upper extremities 

were affected. These individuals were tested on grip strength, 

range of motion, and muscle activation. While the participant 

wore the SaeboGlove the trial consisted of moving 24 4-inch 

foam balls from the table to a box. Two boxes were placed on 

each side of the table at equidistance. Participants then alternated 

which ball needed to be placed into the box. This trial was 

performed 30 minutes a day for 6 weeks. The grip strength test 

used a hydraulic analog hand dynamometer and measured before 

the trial began and one day after the trial ended. Participants' grip 

strength was taken without wearing the Sabeo Glove while 

grasping the dynamometer for 5 seconds to get an accurate 

reading. The results showed that all of the participants' grip 

strength improved with the use of the SaeboGlove [3]. 

Another study used the Box and Block test to test motor 

function [4]. The Box and Block test uses a box divided into two 

sections with the divider being taller than the box itself. Half of 

the box is filled with 150 small blocks, and participants were 

asked to move as many of the blocks as possible over the barrier 

and into the other side of the box in 15 seconds [5]. Participants 

ran three trials while recording the number of blocks they moved 

after each round while wearing the SaeboGlove. This study 

showed that participants wearing the SaeboGlove showed 

improved hand function on the Box and Block test. After 

reviewing these studies, the Hand Extender was chosen to be 

tested in the same manner as the SaeboGlove for this study.  

Several studies testing the SaeboGlove used the SaeboVR 

[5] to help participants at home perform daily activities. The 

virtual reality shows participants several tasks like grocery 

shopping and putting away clothes, and they have to follow 

along and complete the tasks. A camera follows the participants’ 

actions and simulates them onto the screen. This helps with 

completing therapy at home and has been proven to engage 

participants. In a study by Adams [7], 22 participants who 

suffered from hemiparetic stroke and upper extremity 

impairment were evaluated using the SaeboGlove with 

SaeboVR. These participants used the SaeboVR three times per 

week for eight weeks, for an hour each session. Their motor 

function was assessed on each task the VR asked them to 

perform. The participants’ motor scores increased throughout the 

program showing an improvement in motor function. 

The Hand Extender is a glove tailored specifically to the 

measurements of an individual's hand. The measurements are 

performed by the participant or a caregiver. The Hand Extender 

includes a list of 20 measurements to complete along with 

demonstrated pictures for clarification. This method is different 

from the Sabeo Glove, which requires only four measurements 

and measures for two parts of the glove, the wrist splint size and 

glove size. 

The Hand Extender measurements include individual finger 

circumference, length of each finger from the two joints, 

horizontal lengths of the dorsal side of the hand, and a vertical 

length for the dorsal side of the hand (see Appendix). These 

measurements help to determine the size of rings and the dorsal 

side stabilizing piece. Required measurements are less extensive 

for the SaeboGlove to determine the proper glove size. Hand 

circumference and third finger length are the only measurements 

required. The SaeboGlove comes in sizes XS-XL [8]. It 

measures for the wrist splint piece of the glove using wrist 

circumference and dorsal hand width. This piece is offered in S-

L sizes. This is less extensive than the Hand Extender 

measurement which uses wrist to elbow length, width of the 

wrist, lengths of concave and extruded protrusion of the wrist, 

length of inner palm,  height of the two protrusions when the 

wrist is in a rested position on a flat surface and ends of the radius 

and ulna visible at the end of the wrist. The measurements for 

the SaeboGlove help determine what size glove fits the 

participant. The Hand Extender measurements create a custom 

fit for all participants. 
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The design of the Hand Extender glove includes five 

rings attached to each finger, a dorsal side stabilizing piece, and 

a stabilizing wrist splint on the palm side of the wrist (Figure 1). 

Each piece has notches that attach bands between rings, and 

stabilizing pieces apply the force needed to extend the fingers 

(Figure 2). The Hand Extender was created from all 3D printed 

pieces in two different flexible materials called “TPU 95A” and  

“Ninja Flex” in order to move with the body. TPU 95A has an 

ultimate tensile strength of 39 MPa, tensile modulus of 26 MPa 

and a hardness of 95 Shore A. While, Ninja Flex has ultimate 

tensile strength of 26 MPa, tensile modulus of 12 MPa, 

and hardness of 85 Shore A. The pieces were all glued with the 

epoxy Loctite onto a long commercially available cloth glove 

that provides aeration for individuals with sensitive hands 

(Figure 3). The breathability of the glove is important because 

participants with spasticity are susceptible to infections and other 

skin complications due to moisture build up between the hands. 

The pointer through the pinky finger uses elastic bands that 

stretch the notch of the finger to the notch of the dorsal side of 

the hand. These notches ensure that the corresponding tendon of 

each finger is pulled in the proper angle direction. Pulling each 

finger in the correct direction ensures that muscles are not 

overextended, preventing further damage to the individual’s 

hands. Since the thumb is oriented differently from the rest of the 

fingers, the thumb is stretched to the palm side of a wrist splint 

with an elastic band (Figure 4).  

The wrist splint is designed to stabilize the wrist. 

Stability maintains the participant’s natural relaxed position at 

10 degrees while making sure the hand and tendons are not over-

strained and causing more harm to the individual than benefit. 

The splint 

 

 
FIGURE 1: HAND EXTENDER MODEL 

FIGURE 2: HAND EXTENDER MODEL SIDE VIEW  

 

was created from one concave and two convex curvatures to 

mold perfectly to the individual's wrist anatomy. The splint was 

attached to the glove with Loctite glue and a hook and loop strap 

to secure on a participant's forearm (Figure 3). The Loctite and 

the hook and loop strap prevent the wrist splint from sliding out 

of place and provide extra stability. 

 

 
FIGURE 3: HAND EXTENDER PROTOTYPE SIDE VIEW  

 
FIGURE 4: HAND EXTENDER BOTTOM VIEW 

 
METHODS 

Three tests were run to determine whether the Hand 

Extender improves motor function, grip strength, and ease of 

donning and doffing. Motor function was evaluated using the 

Box and Block test and QuickDASH questionnaire [9]. The Box 

and Block test [5] is a standardized task each of the participants 

need to complete which tests the Hand Extender. The test setup, 

as shown in Figure 5, was modified to have two boxes which are 

similar in size with a divider in the center. 100 small one-inch 

wooden blocks are placed in the box on the right while the left 

box is empty. Participants are asked to move the block over the 

divider, into the empty box in one minute and record how many 

blocks were transferred. The test was completed once per day for 

three days while wearing the Hand Extender. The participant 

then filled out the Quick DASH after finishing the activity on the 

third day to see how their motor function changed while using 

the Hand Extender. 

The QuickDASH questionnaire poses 11 questions 

pertaining to motor function while someone is using their hands. 

This questionnaire is commonly used by occupational therapists 
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to assess participants during intake. Five questions are asked on 

a 1-10 rating scale, one being easy or no pain, and 10 being 

unable due to discomfort. These numbers are then computed into 

a QuickDASH score shown in the equation below, which is used 

to determine the kind of care a participant should receive. For the 

sake of testing this device, the QuickDASH is used to determine 

 

 
FIGURE 5: BOX AND BLOCK TEST SET UP 

 
if the participant’s hand function improved while wearing the 

Hand Extender. The QuickDASH cannot be scored if more than 

one item is missing (Equation 1). Each participant filled out the 

QuickDASH before performing any tests as a baseline. n is equal 

to the number of completed responses [10]. 

 

           ([
(𝑠𝑢𝑚 𝑜𝑓 𝑛 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒𝑠)

𝑛
] − 1) 𝑥 25                   (1) 

 

Grip strength plays an important role in the use of hands. Grip 

strength is measured using a tool called a hydraulic analog hand 

dynamometer in units of pounds or kilograms. In order to 

measure grip strength, the participant starts by sitting relaxed in 

a chair holding the device in their dominant hand. The participant 

will hold the device with their elbow at a ninety-degree angle 

resting on their thigh while calmly breathing. The participant is 

then ready to take their grip strength measurement by applying 

as much pressure to the device for 10 seconds until the dial stops 

moving and reading the value. 

Donning and doffing is an important part of testing. Most 

participants in need of help with hand extension require 

assistance putting on and taking off a glove or device. Also, if 

the product is hard to put on or take off then it is much less 

desirable to use [11]. The original Donn and Doff test created to 

evaluate apparel asks the following three questions with yes and 

no answers as the available responses: Is it easy to donn? Is it 

easy to doff? Does it fit well? [12]. The authors added a 7-point 

Likert scale to the answers for these questions in order to assess 

greater variation in ease of use. The participant answers the 

questions based on a 1-7 rating scale, one being very difficult 

and unable to donn or doff, and seven being very easy to donn or 

doff. The questions were asked each day during the test period. 

The participants donned and doffed the glove over a series of 

three trials over three days. The participant also secured the hook 

and loop strap and put on and off the resistance bands at the 

greatest extension level for the fingers. The participant filled out 

the Donn and Doff test after each time donning or doffing the 

Hand Extender. 

 

RESULTS 
The participant demographics are shown in Table 1. All tests 

were run over a three-day period where the Hand Extender was 

worn three minutes before the motor function and grip strength 

tests were taken. The following results are shown for motor 

function from the Block and Box test (Table 1) and QuickDASH 

questionnaire (Figure 6). Grip strength through dynamometer 

measurement is displayed (Figure 7), as is the ease of donning 

and doffing (Figure 8). Table 1 provides data on the age, gender, 

BMI, and dominant hand. Table 1 also shows on average how 

many blocks each participant moved while wearing the glove for 

one minute over all three days of the trial. 

Figure 6 shows the QuickDASH scores for both participants 

regarding hand motor function while using the Hand Extender. 

As the QuickDASH score decreases, the less pain the participant 

experiences and the more activities they can perform. Both 

 
TABLE 1: PARTICIPANT DEMOGRAPHICS 

Participant  A

g

e  

Gender BMI Dominant  

Hand 

Sum number  

of blocks 

moved in 1 

minute over 

3 days while 

wearing the  

glove 

1 2

0 

F 25.8 R 32 

2 3

8 

F 28 R 49 

 

participants were asked to complete the QuickDASH before the 

start of testing and then perform the Block and Box test. After 

the third day of tests were complete the participants filled out the 

QuickDASH (Figure 6). Comparing the first and last day of the 

trials where the QuickDASH score stayed the same shows that 

the Hand Extender did not have any noticeable effects and most 

importantly no negative impact on the hand motor function of 

the participants. 

Figure 7 shows that the grip strength for both participants 

increased during the trial, which indicated an improvement of 

grip strength over time. Figure 7 represents the amount of grip 

strength the participant had after they performed the Block and 

Box test with the Hand Extender on after each day. The 

participants then removed the Hand Extender and took their own 

grip strength measurements. Individuals with spasticity use their 

hands minimally due to pain, however pulling their hands open 

in the correct direction loosens their joints and makes it easier 

for the individual to eventually use their hands. Neither 

participant had any hand pain or motor function impairment. 

These results suggest that the Hand Extender may help 
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individuals with hand function impairments to eventually use 

their hands more often with less pain.  

These results seem to suggest that the Hand Extender may 

have had a positive effect on the participants’ grip strength. 

Individuals experiencing less pain are likely to be encouraged to 

do more hand movement. More hand movement may lead to 

improved performance on the therapy exercises that might 

suggest improvements on the Box and Block Test and grip 

strength.  

Figure 8 shows ease of use and the level of difficulty on the 

y-axis. Each participant was asked if the glove fit well and about 

the ease of donning and doffing the Hand Extender on each day 

of the trial. Figure 8 may suggest that the Hand Extender was 

easy to donn, easy to doff, and fit well. This is important because 

most participants who will be using this product will have a 

caretaker or occupational therapist helping them take on and off 

the Hand Extender. 

 

 
FIGURE 6: QUICKDASH PARTICIPANT SCORES 

 

 
FIGURE 7: GRIP STRENGTH OF PARTICIPANTS  

 

DISCUSSION 
Results from the Hand Extender and the SaeboGlove are 

similar. The Box and Block Test was used as the activity of 

choice for participants to perform. This test was performed using 

the Hand Extender due to several other studies evaluating the 

SaeboGlove also using the Box and Block Test. Many 

SaeboGlove studies mainly focused on the range of motion of 

participants’ arms, while focusing less on the hands directly. 

 

 
FIGURE 8: EASE OF USE RATINGS BY PARTICIPANTS  

 
This Hand Extender study concentrated solely on the hand as it 

pertains to pain, ease of use, and grip strength.  

To the best of the authors’ knowledge, academic literature 

for studies about the SaeboGlove’s ease of use and pain with use 

have not been published. Considering that most participants who 

will be using this product will have a caretaker at home helping 

them, a glove that is easy to put on is important. The Hand 

Extender seemed to show acceptable donning and doffing for 

both participants who did not have hand pain or impairment and 

should be confirmed with participants with hand pain and/or 

impairment. The Hand Extender study utilized the QuickDASH 

to evaluate pain; since both participants did not start out with 

hand pain, no increase in pain was experienced after use of the 

Hand Extender after three days of testing.  

The SaeboGlove studies have concluded that the device 

helps improve users’ grip strength verified by measurements 

using a hand dynamometer after a specified period of use. Both 

participants experienced a slight increase using the Hand 

Extender over a three-day period suggesting that the Hand 

Extender may help improve and not hinder grip strength after a 

period of use for users. By using the Hand Extender individuals 

with hand motor impairment and/or pain in their hands may be 

encouraged to actively moving the muscles for longer periods of 

time causing them to get stronger and thereby possibly leading 

to increased grip strength over time. Grip strength has a high 

correlation with upper body strength and overall strength. This 

test seems to indicate that the Hand Extender may lead to 

increases and not decreases in grip strength with individuals with 

hand impairment and or pain, although this would need to be 

confirmed through further testing. 

 

2.1 Limitations 
Sources of error within this study are due to working with 

only two participants. This data may only be representative of 

these participants. In addition, the participants were classified as 

having no hand motor impairment or hand pain, so the effect of 

the use of the Hand Extender by individuals with severe 
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spasticity and impairment needs to be evaluated next. Further 

investigation as to the effects of the Hand Extender pertaining to 

understanding  groups with hand/arm muscle5, 9  spasticity, 

difficulty in movement, and pain is needed. 

 
CONCLUSIONS 

Three tests were performed to evaluate the Hand Extender’s 

impact on motor function, pain, ease of use, and grip strength. 

The Hand Extender was designed to decrease pain, improve grip 

strength, and be easy to donn and doff. Through the tests with 

two participants with no hand impairment or hand pain, the Hand 

Extender did not lead to reduced motor function or increased 

pain, and instead lead to improved grip strength and acceptable 

scores for ease of use when donning and doffing. This 

inexpensive alternative to the commercially available product at 

approximately a third the price of the commercial alternative has 

potential once these results are confirmed with individuals with 

hand motor function impairment and/or pain. Next steps include 

testing on people with hand muscle spasticity and with difficulty 

in movement who present with pain, and then comparing 

performance with other commercially available products. 
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