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Abstract—

Among quadriplegic SCI patients, studies have shown that
restoring arm/hand function is their highest priority. This
study tested a student designed wrist-hand orthosis (WHO) on
healthy subjects to assess its feasibility in helping individuals
with a SCI in grasping abilities and independently completing
activities of daily living (ADLs). Two prototypes were
created, but early on it was concluded that the first prototype
was more suitable to move forward with testing. Each
participant used the WHO to complete a variety of ADLs.
Results showed that healthy subjects had little to no difficulty
completing all ADLs, with the exception of independently
donning/doffing the orthosis. Some ADLs could be difficult
for the SCI population to complete, however, the next study,
in which OpenSim will be used to model muscle activation
during ADL motions and estimate the forces associated with
those motions, will be vital in determining whether the WHO
is a feasible option for the SCI population.

I. INTRODUCTION

According to the most recent data available through 2016,
the United States has approximately 282,000 persons living
with a spinal cord injury (SCI), and that number is estimated
to increase by nearly 17,000 new cases each year [1]. Between
45%-60% of all reported SCI cases are classified as
incomplete quadriplegia, ranking it as the most common
category of SCI [1, 2]. The majority of cervical spinal cord
injuries occur in the C5-C7 segments, which cause patients to
lose upper and lower limb functionality, along with loss of the
ability to control certain bodily functions [3]. Among
quadriplegic SCI patients, studies have shown that restoring
arm and hand function is their highest priority, therefore,
providing them the ability to grasp objects will allow for
independent completion of activities of daily living (ADLs)
that would otherwise need assistance [3, 4, 5, 6]. Patients with
an incomplete C5-C7 SCI, lose prehension abilities, but wrist
function is almost universally retained [3, 7, 8, 9], thus most
prehension rehabilitation techniques apply the tenodesis grasp
and release effect. This orthopedic phenomenon takes
advantage of retained wrist function and is achieved through
wrist extension for grasping and wrist flexion for releasing [7,
8, 10]. However, these motions are exactly opposite to the
way able-bodied individuals grasp and release objects. Given
that approximately 90% of all SCI cases are non-congenital,
the target population was able-bodied prior to their SCI,
therefore, if grasping could be achieved through more
intuitive motions, rehabilitation could be easier for patients
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[1,2]. Current wrist-hand orthoses (WHOs) may help with
ADL completion, providing some degree of independence,
but they cannot be donned/doffed (put on/take off)
independently [11], meaning, individuals with a SCI never
feel a complete sense of independence.

II. 'WRIST HAND ORTHOSIS

A. First Prototype

This technology is a student-designed powered wrist-hand
orthosis (WHO) designed to help individuals with a C6- C7
spinal cord injury (SCI) independently complete activities of
daily living (ADLs). This WHO utilizes a modified tenodesis
grasp to operate in a more intuitive manner, allowing for
whole-hand gripping and completion of more ADLs. The
traditional tenodesis effect takes advantage of retained wrist
function and is achieved through wrist extension for grasping
and wrist flexion for releasing. However, these motions are
exactly opposite to the way able-bodied individuals grasp and
release objects. Given that approximately 90% of all SCI
cases are non-congenital, the target population was able-
bodied prior to their SCI, therefore, if grasping could be
achieved through more intuitive motions, use of assistive
devices would be easier for patients [8, 9].

There are only two mechanical linkages: a thumb linkage
and an index finger linkage, each configured with a slight
angle to mimic the natural bend in fingers during
grasping/releasing motions (Figure 1).

Linkage Assembly

Figure 1: Linkage Assembly

The current prototype requires securing linkages to respective
fingers creating a pincer-like design; index, middle, ring and
little fingers are bound as one side and the thumb acts as the
other side (Figure 2).
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Assembled Frist Prototype
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Figure 2: Assembled First Prototype

This orthosis operates via wrist motion input that is detected
by a flex sensor on either the dorsal or ventral side of the wrist
(Figure 3). Wrist flexion sends a signal to the motor, driving
the linkages (and by extension the fingers) into a grasping
motion. Conversely, wrist extension creates a releasing
motion.

Close-up of Flex Sensor

Flex Sensor: can be either
dorsal or ventral side of wrist

Figure 3: Close-up of Flex Sensor in First Prototype

B. Second Prototype

Initial feedback on the first prototyped WHO pointed out a
key challenge with our design; it cannot be donned/doffed
(put on/taken off) independently. Current wrist-hand orthoses
(WHOs) may help with ADL completion, providing some
degree of independence, but they also cannot be
donned/doffed independently, meaning, individuals with a
SCI never feel a complete sense of independence [3,4, 5, 6].
A device embodying this ability will give users a more
complete sense of independence when performing ADLs. It
was hypothesized that designing an orthosis don/doff stand
would provide the most practical solution for independent
donning/doffing. Since designing the stand, the design of the
WHO needed to be slightly altered (Figures 4 and 5).

Second Prototyped Orthosis

Motor Linkage
Assembly

Wist Velero
Straps

Rings for orthosis to sit on a stand
made for easy orthosis don/doff

Figure 4: Second Prototype of Orthosis

Second Prototype on Stand

Figure 5: Second Orthosis on don/doff stand
III. METHODS

This study showed orthosis feasibility. Before testing on the
target population, our protocol was to test on healthy subjects
without hand injuries. This approach demonstrated the
orthosis as a workable design. Participants were instructed to
completely relax their hand, not use their own grip ability, and
allow the device to control their fingers during grasping.

Testing began with each participant donning the orthosis
and completing a series of ADLs. Participants used the WHO
to complete ADLs involving feeding, grooming, and
donning/doffing the orthosis. These activities are a
compilation of ADLs that specifically assess unilateral hand
performance of individuals with a SCI [2, 3, 12]. The
activities chosen have the greatest likelihood of being
completed with this orthosis. Excluded activities, such as
acute digital manipulation, are not in the design scope of this
orthosis. Success was based on whether the individual could
fully complete the task. The activities of daily living included:

e Feeding
o Pick up empty and full cup/glass/mug. Drink from
full cup/glass/mug
o Pick-up (horizontal/vertical orientation) & use
utensils
o Pour liquids
e Grooming
o Picking up tooth brush (horizontal/vertical
orientation) and brush teeth
o Brushing/Combing Hair (horizontal/vertical
orientation)
e Other
o Independently Don/Doff orthosis

IV. RESULTS

A. Lessons Learned from Second Prototype

The second prototype, in conjunction with the don/doff
stand, provided enough stability that it could be
donned/doffed independently, however it no longer allowed
for unencumbered wrist movement, meaning the motor could
not be activated and ADLs could not be completed. For this
reason, participants used the first prototype to complete the
ADL testing.

B. Results from Completion of Activities of Daily Living

Participants were able to easily grasp all items placed in a
vertical orientation. That is, each had the ability to grasp
tapered drinking cups, mugs, and common cylindrical
beverage containers on the first attempt. Items that are
typically found in a horizontal orientation (utensils, tooth



brush, hairbrush, comb) were more difficult for the users to
grasp, however, given that participants were healthy subjects,
the task was able to be completed after multiple attempts.
When these same items were placed in a vertical orientation,
participants were able to easily grasp all items. For example,
a toothbrush was placed the toothbrush in a holder and the
toothpaste was designed to stand in an upright position.
Similar solutions were applied to the other items, such as the
hairbrush, comb, and utensils. Again, since testing was
completed on healthy subjects, there was not any difficulty in
picking up and using any of the items.

Finally, in order to test the feasibility of whether the orthosis
could be donned/doffed independently by an individual with
a SCI, participants were told they could only use their other
hand in the same way an individual with a SCI would use their
other hand to aid in donning/doffing. That is, participants
could only use their thumb to hook through Velcro loops or
use thumb and index finger to grasp and fasten/unfasten the
Velcro strips. Since the second prototype (which could be
donned/doffed independently by healthy subjects but did not
allow for wrist flexion/extension) was not used, participants
could not independently don/doff the orthosis.

V. CONCLUSION AND FUTURE WORK

This study was designed to see if this orthosis would be
feasible in helping individuals with a SCI grasp items and
independently complete activities of daily living.

First, although the second prototype allowed for
independent don/doff, it did not allow for adequate wrist
motion, therefore, the next prototype will combine the
freedom for wrist motion from the first iteration with the
stability for donning/doffing from the second iteration.
Further iterations could also implement a variable assistance
motor, which would provide individuals the ability to control
the level of assistance. This variable assistance feature also
means other patient types, such as stroke patients, or elderly
patients who have lost grip strength, can use this device for
either rehabilitative (worn for a short period of time during a
rehab routine) and/or assistive purposes (worn more
permanently throughout the day).

Second, if an individual with a SCI were to use the orthosis
to complete the same ADLs, depending upon their ability to
achieve a large open hand position, grasping a typical ceramic
mug may be more difficult to securely grasp. Additionally,
items typically found in a horizontal orientation would be
difficult for these users to grasp. However, the task could be
completed under two possible circumstances: 1) depending
upon the object, success may be achieved after multiple
attempts, or 2) design modifications could possibly be
implemented to allow completion of that specific task. If
neither are feasible options for the user, the object may need
to always be placed in a vertical orientation. For example, a
toothbrush is often found in a horizontal orientation, however,
it can be placed in a toothbrush holder, making it easier to
grasp. Another example is toothpaste that stands in an upright
position. Further, depending upon the users’ muscle capacity,
picking up heavier items such as a full glass or ceramic mug
may be difficult.

The next step in testing the feasibility of this orthosis is to
conduct a follow-up study in which participants will use the
WHO to perform ADLs in front of a motion capture system.
That motion capture data will then be visualized in OpenSim,
an open source simulation software. First, the orthosis
Computer Aided Design (CAD) model will be added to an
existing OpenSim upper limb model. The motion capture data
will then be visualized in OpenSim to model muscle
activation during ADL motions and estimate the forces
associated with those motions. OpenSim will be used to 1)
determine which muscles are activated during each ADL task
in order to establish if the current orthosis configuration will
be practical for an individual with a SCI, 2) define
adjustments required for individually customized orthoses by
optimizing key features and parameters of the orthosis during
the on-going prototyping phase, and 3) determine the effects
the prototyped orthosis has on the human body.
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