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Abstract  
This project was undertaken in collaboration with Sonia Nurkse, MOT, OTR/L and 

Bridget Tanner, MSOT, OTR/L, two occupational therapists working on the inpatient 

rehabilitation unit at MultiCare Good Samaritan Hospital in Puyallup, Washington. A systematic 

review of the literature was conducted to answer the question, “What are the most effective, up-

to-date, and user-friendly assistive technology options to support individuals with quadriplegia in 

functional tasks?” Five databases were searched and through screening and careful review, 19 

articles were selected for critical appraisal. Due to the wide variety of devices, some 

commercially available and other prototypes, we were unable to compare them and determine a 

superior device. Rather, the assistive technology (AT) devices were organized into three 

categories: devices that support computer and typing access, devices that support environmental 

control, and devices that restore function.  

A binder was developed containing AT software and hardware for individuals with 

limited to no upper extremity use. The AT binder contains devices that are supported by research 

and those without evidence. An in-service was organized to present the finished product to 

collaborators and their OT/PT colleagues. Through this process, it has been determined that there 

is a need for increased outcome research on AT devices for individuals with quadriplegia. This 

research has also highlighted the unique role that occupational therapy practitioners have in 

supporting quadriplegic clients’ independence. Due to the rapid rate of technological advances 

and developments, it is recommended that practitioners actively work to stay current on assistive 

technology devices and resources. 
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Executive Summary 

The practice question that originated this systematic review was, “What are the most 

effective, up-to-date, and user-friendly assistive technology options to support individuals with 

quadriplegia in functional tasks?” A search of five databases identified 19 pertinent articles that 

were then detailed in the CAT table.  

The devices included in the articles varied widely and were intended for a wide range of 

tasks. To organize them, we classified them into one of three categories: devices to support 

computer access, devices to restore function, and devices to support environmental control. 

Results from the studies varied greatly, with some technology options receiving positive 

feedback and others being rejected by the study participants. Two systematic reviews were 

included in the pool of chosen articles; the first focused on assistive technology’s influence on 

quality of life measures for individuals with spinal cord injury (Baldassin et al., 2017), the 

second on the influence assistive technology has on communication abilities for individuals with 

cerebral palsy (Nerisanu et al., 2017). Both systematic reviews determined that devices and/or 

software that give the user the ability to perform functional tasks increased their quality of life, 

but neither focused on specific devices.  

The significant range of complexity within the assistive technology market makes it 

difficult for clients who are generally unfamiliar with technology to determine which device 

would be best suited for their individual needs. Further, assistive technology can be cost 

prohibitive, as paying out of pocket is not an option for many individuals. 

Consumers are reliant on therapists to have adequate understanding of the technology 

available and present the most appropriate options. Determining which technology would best 

suit a client depends on several factors, including client acceptance of assistive technology in the 
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first place, capacity to learn how to utilize it, financial resources, and consideration of any social 

impact the technology may have for the individual. Options to keep up-to-date with recent 

technological developments include continuing education courses or subscribing to publications 

focused on assistive technology. It is the practitioner’s responsibility to seek these opportunities 

out and capitalize on them. 

More research is needed in the realm of assistive technology for individuals with 

quadriplegia. Due to the rapid nature of technological advances and updates or modifications to 

existing technology, research quickly becomes outdated; for this reason it is essential that 

ongoing research take place.  

Two knowledge translation projects were undertaken to implement this research into 

practice. An assistive technology binder was developed containing devices detailed in the 

research as well as devices not yet backed by empirical research as a resource for the 

rehabilitation team at Good Samaritan Hospital in Puyallup, WA to share with their patients who 

are interested in exploring assistive technology options. In addition to the binder, an in-service 

was held at this facility on April 5th, 2019 to introduce the binder to practitioners and address 

any questions they may have. 

A survey was distributed immediately after the in-service and eleven responses were 

collected. Overall, the response to the in-service was positive. Two weeks after the in-service, an 

online follow-up survey was distributed to the practitioners who had been present at the in-

service. Specific information regarding responses to survey questions can be found in the 

evaluation of outcomes section of this paper.  
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Critically Appraised Topic 

  

Focused Question 

What are the most effective, up-to-date, and user-friendly assistive technology options 

to support individuals with quadriplegia in functional tasks?    

  

Prepared By 

 Bri Brown, Natalie Geisler, Hannah Terranova 

  

Date Review Completed 

 1/29/2019 

  

Professional Practice Scenario 

Two rehabilitation occupational therapists working on the inpatient unit of a hospital that 

provides Level 1 Adult Trauma rehab services are interested in evidence regarding 

low/high technology options for individuals with high level SCI, specifically regarding 

feasibility and quality. The practitioners seek to know more about assistive technology 

options for clients affected by quadriplegia and want to be able to share information with 

these clients while they are actively receiving inpatient services, smoothing the transition 

from inpatient rehabilitation to the home setting. 

  

Search Process 

Procedures for the selection and appraisal of articles 

Inclusion Criteria 

Our inclusion criteria were as follows: 

● Studies published in 2014 or more recently 

● Adult participants (≥ 18 years old)  

● Individuals with quadriplegia 

  

Exclusion Criteria 

 Our exclusion criteria were as follows: 

● Studies published in languages other than English and not yet translated 

● Studies with non-human participants  
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Search Strategy 

Categories Key Search Terms 

Patient/Client Population Individuals with: spinal cord injury, SCI, quadriplegia, 

tetraplegia, cerebral palsy, multiple sclerosis 

Intervention (Assessment) Assistive technology, AT, adaptive technology, 

rehabilitative technology 

Outcomes Increased level of independence and ability to perform 

functional tasks with use of assistive technology 

  

Databases, Sites, and Sources Searched 

CINAHL 

Cochrane Library 

Google Scholar 

ProQuest Central 

PubMed 

  

Search Outcomes/Quality Control/Review Process 

Our initial question included only the diagnosis of spinal cord injury, however after 

initial searches we decided to broaden our focus and include all individuals affected by 

quadriplegia in order to investigate assistive technology developed for a wider array of 

diagnoses resulting in quadriplegia.  

 

To maximize efficiency and focus on the most relevant articles to our question, a search 

method was agreed upon. We searched our identified databases using key search terms 

and sorted results by relevance. We then evaluated the first ten pages of resulting articles 

for relevance to our question and screened them for inclusion in this analysis. 

 

A search of the CINAHL database for articles published 2014 or more recently 

containing the search terms “assistive technology AND quadriplegia OR tetraplegia” 

resulted in 270 articles identified. To refine the search the term “exoskeleton” was 

excluded and the term “spinal cord injury” was included, resulting in 213 articles. The 

term “assistive technology” was specified as a title term, resulting in 190 articles 

identified. From this search, the first ten pages of results were evaluated (100 articles) 



AT FOR INDIVIDUALS WITH QUADRIPLEGIA  

  

7 

and ten articles were taken that seemed to align with our question. After further review, 

five were selected for inclusion.  

 

An initial search of the PubMed database for articles published 2014 or more recently 

containing the search terms “assistive technology AND spinal cord injury OR SCI OR 

quadriplegia” resulted in 14,306 articles identified. To refine the search a filter was 

applied that excluded articles that focused on non-human subjects. This reduced the 

results to 5,361 articles sorted by highest relevance. Titles and/or abstracts of the first 10 

pages (200 articles) were screened for eligibility, of which 68 were excluded based on 

irrelevance to our topic. After a full-text review of the remaining 32 articles, four were 

selected for inclusion. The remaining 28 articles were excluded because participants had 

higher levels of functioning in their upper extremities thus not meeting our ‘individuals 

with quadriplegia’ inclusion criteria.  

  

A search of Google Scholar was conducted for articles published 2014 or more recently 

using the search terms “assistive technology OR AT AND quadriplegia” which resulted 

in 2,500 articles sorted by highest relevance. Titles and/or abstracts from the first ten 

pages (100 articles) were screened for eligibility, of which 12 articles were selected for 

full-text review. To further narrow the results “tongue” was added to the search which 

resulted in 365 articles. Titles and/or abstracts of the first 100 articles were again 

screened for eligibility and four additional articles were selected for full-review. Of the 

16 articles reviewed, eight were selected for inclusion. The rest were excluded because 

participants were either not quadriplegic or were under the age of 18, thus not meeting 

the inclusion criteria.  

  

An initial search of ProQuest Central for peer-reviewed articles published after 2014 

using the search terms “quadriplegia AND assistive technology” identified 67 articles. 

Titles and/or abstracts were screened for relevance to our question and duplicates were 

removed. Two studies were selected for full-text review and included for critical 

appraisal.  

 

A search of Cochrane Library was also conducted for systematic reviews published after 

2014 using the search term “assistive technology” which resulted in 53 reviews. Titles of 

these results were screened for eligibility, but all 53 articles were excluded based on 

irrelevance to our topic. 

 

Key contributors who guided our research are as follows: mentor and project chair 

George Tomlin, PhD, OTR/L, FAOTA, faculty member Renee Watling, PhD, OTR/L, 

FAOTA, University of Puget Sound library liaison Eli Gandour-Rood, MLIS, and 

collaborators Sonia Nurkse, MOT, OTR/L, and Bridget Tanner, MSOT, OTR/L.  
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Results of Search 

  

Summary of Study Designs of Articles Selected for the CAT Table 

  

Pyramid Side Study Design/Methodology of Selected Articles Number of 

Articles 

Selected 

Experimental ___Meta-Analyses of Experimental Trials 

       Individual Blinded Randomized Controlled Trials 

  1  Controlled Clinical Trials  

  1   Single Subject Studies 

  

 2 

Outcome ___Meta-Analyses of Related Outcome Studies 

  1  Individual Quasi-Experimental Studies w/ 

Covariates  

  2  Case-Control or Pre-existing Groups Studies 

  2  One Group Pre-Post Studies 

 

  

 5 

Qualitative ___Meta-Syntheses of Related Qualitative Studies 

  1  Group Qualitative Studies w/ more Rigor 

___prolonged engagement with informants  

_1_triangulation of data (multiple sources)  

_1_confirmation (peer/member-checking; audit 

trail) 

___comparisons among individuals, w/i a 

person 

  4  Group Qualitative Studies w/ less Rigor  

___Qualitative Study on a Single Person 

  

 5 

Descriptive   2  Systematic Reviews of Related Descriptive Studies  

___Association, Correlational Studies 

  1  Multiple Case Series, Normative Studies, 

Descriptive surveys  

  4  Individual Case Studies 

 

  

 7 



AT FOR INDIVIDUALS WITH QUADRIPLEGIA  

  

9 

AOTA Levels 

I- 3 

II- 2 

III- 3 

IV- 3  

V- 3 

  

Comments: 

Five articles are qualitative studies, which are not rated according to the AOTA 

levels of evidence. 

19 
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ENVIRONMENTAL CONTROL 

Table Summarizing the QUANTITATIVE Evidence 

Author 

Year 

Journal  

Country 

Study 

Objectives 

Study 

Design/Lev

el of 

Evidence  

Participants: 

Sample Size, 

Description 

Inclusion and 

Exclusion 

Criteria  

Interventions & 

Outcome Measures  

Summary of 

Results  

Study 

Limitations  

Etingen et al.  

 

2018 

 

Disability and Rehab: 

Assistive Tech  

 

USA   

 

Describe 

inpatient 

perceptions of 

& experiences 

with ECU  

Descriptive 

survey 

 

IV  

 

D3 

 

1/3 

N=150 total 

respondents; 

veterans w/ SCI/D  

 

n=70 inpt 

 

n=80 responses 

recntly discharged 

from inpt  

 

Incl: LOS ≥ 3 days 

 

Excl: discharge to 

LT care facility 

I: Survey (inpt) & 

questionnaire 

(discharged) re: ECU use  

O:Type/frequency of use, 

method of interaction, 

features used, 

satisfaction, impact on 

independence, 

opportunities for 

improvement  

Majority were satisfied, 

positive impact on 

independence (inpt 

42%, dischrgd 50%) 

 

Most used ECU: 

AutonoMe followed by 

GWN w/ QuadJoy 

 

Most used fxns: cntrl 

envirnmnt & 

entertainment 

 

Areas for 

improvement=training, 

functionality, 

maintenance  

Self-report surveys 

administered after 

discharge for 80 

respondents may 

impact recall  

 

Verikios et al.  

 

2016 

 

Int J of Therapy & 

Rehab  

 

Australia  

Investigate 

the physical, 

psychosocial, 

and functional 

impact of the 

TAPit on an 

individual 

living with 

Case study 

 

V 

 

D4 

 

2/3 

N=1; woman in her 

50s w/ C4-lvl SCI; 

ID’d by purposeful 

sampling of clients 

attending trauma 

rehab srvs 

 

Incl/Excl not 

I: TAPit tx w/ OT; amt 

of instruction/time w/ 

TAPit/ length of study 

not described 

O: PIADS, progress 

toward predetermined 

goals 

PIADS results: TAPit 

was consistently rated 

as having a positive 

psychosocial impact on 

client’s QoL (avg 

scores above +1.3); ⅔ 

functional goals met 

Bias may be 

present due to the 

researchers having 

provided therapy to 

this client prior to 

the study and 

knowing her well 
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 SCI addressed 

Yeung & Chau  

 

2017 

 

Canadian Medical and 

Biological 

Engineering Society  

 

Canada 

Investigate 

useability of 

eyebrow 

switch and 

compare 

effectiveness 

of eyebrow 

switch to 

mechanical 

switches in 

order to 

independently 

change TV 

channel for 

indiv. w/ 

quadriplegia  

Case Study  

 

IV 

 

D4 

 

2/3 

N=2; 20yo female 

w/ C1-C4 

quadriplegia and 

22yo AB male 

 

Incl/Excl not 

addressed  

I: eyebrow switch device 

design, Tash Big Buddy 

Button, Tash Leaf 

Switch & Touch Switch.  

 

O: ability to successfully 

activate, activation 

speed, and eyebrow 

mvmt detection w/ & 

w/o environmental 

disturbances 

Mechanical switches 

operated by hands were 

unsuccessful. 

Mechanical switches 

operated by chin 

restricted pt’s ability to 

speak and access to 

tracheostomy site.   

System activated at rate 

of 45/min; pt = 26/min.  

Baseline data stat. dif. 

(p<0.001) compared to 

data w/ environmental 

disturbances.  

Pt had no cognitive 

or speech deficits 

so results may not 

be generalizable to 

individ. w/ those 

deficits 

 

 

 

 

 

 
ENVIRONMENTAL CONTROL 

Table Summarizing QUALITATIVE Evidence 

Author  

Year 

Journal  

Country 

Study 

Objectives 

Study 

Design/ 

Level of 

Evidence  

Participants: 

Sample Size, 

Description 

Inclusion and 

Exclusion 

Criteria  

Methods for 

enhancing 

rigor 

Themes and 

Results  

Study Limitations  

Kim et al. 

 

2014 

 

J Rehab Res 

Dev. 

Describe lived 

experience w/ 

magnetic tongue 

piercing & use of 

TDS following high-

level SCI 

Phenomenol

ogy 

 

NR 

 

Q3 

n=11; 9 males, 2 

females; 27-59 yo; SCI 

between C2-C6; 3.4-

24.7 yrs post injury 

Repeated surveying 

of participants 

throughout study  

 

Audit trail  

All were satisfied with 

TDS performance & 

most said it enabled 

them to more 

effectively operate 

their PC’s and PWC’s 

Small N 

 

Short duration of study 
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USA 

than other AT 

Laumann et 

al.  

 

2015 

 

Topics in 

Spinal cord 

Injury Rehab  

 

USA 

 

Develop/test 

medically supervised 

tongue piercing for 

those w/ tetraplegia; 

describe experience 

of piercing for TDS 

Phenomenol

ogy  

 

NR 

 

Q3 

N=11 w/ SCI C2-C6; 6 

sip-n-puff users, 5 

joystick users; 3-21 yrs 

post injry 

 

Incl: PWC users w/ 

limited UE strength 

 

Excl: predis. to 

infection/bleeding, 

inappropriate intraoral 

anatomy  

Trial sessions to 

ensure phys/cog 

ability 

 

Each task (operate 

computer, PWC, 

phone, wght shift) 

repeated 3x  

 

Repeated yes/no 

surveying w/ option 

for explanation  

Protocol = limited 

postpiercing pain, 

swelling, 

eating/speaking 

difficulties  

 

11 satisfied, 10 said 

piercing 

comf/effective > 

current device 

 

9 did not like 

appearance, 5 reported 

feeling tired  

 

  

n=8 completed 

questionnaire 

immediately; n=3 after 

interim sess = 

questionable accuracy of 

recall  

 

 

RESTORING FUNCTION 

Table Summarizing QUANTITATIVE Evidence 

Author 

Year 

Journal  

Country 

Study 

Objectives 

Study 

Design/Lev

el of 

Evidence  

Participants: 

Sample Size, 

Description 

Inclusion and 

Exclusion 

Criteria  

Interventions & 

Outcome Measures  

Summary of 

Results  

Study 

Limitations  

Andreasen-Stujik et al.  

 

2017 

 

Proof of 

concept - use 

ITCS 

(intraoral 

interface & 

Case control, 

pre-existing 

grps, non-

randomized 

 

N=2 

 

Ctrl = 37yo AB 

female  

 

I: ITCS to operate 14 

assistive robotic arm 

mvmts; training & 10 

fxnl trials 

 

Indiv. w/ tetraplegia 

able to use intraoral 

control system to 

control robotic arm in 

fxnl tasks to  pick up 

Both participants 

had prev. 

experience w/ 

tongue control 

systems  
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J of Neuroengineering 

and Rehab 

 

Denmark 

 

 

external unit)  

to control 

assistive 

robotic arm in 

fxnl activities 

for 

individuals w/ 

tetraplegia  

II 

 

O3 

 

3/6 

 

Exp = 64yo female 

w/ C1-C2 SCI 

sustained 19 yrs 

prior to study  

O:#/type/success of 

command, task 

completion time 

object 5/10x, touch 

object 10/10x, pour 

water, handshake 

 

Authors developed 

the ITCS = 

possibility of bias  

Cappello et al.  

 

2018 

 

J of Neuroengineerin 

and Rehab  

 

USA   

 

Effectiveness 

of  fabric 

based, soft 

robotic glove 

for indiv w/ ↓ 

hand fxn 2° 

SCI 

One group, 

pre-post study 

 

III  

 

O4 

  

4/6 

N=9; 20-68 yo; 8 

males & 1 female 

 

Incl: C4-C7 SCI; 

18-70yo, loss of 

hand fxn, MMSE 

score ≥ 23  

 

Excl: not addressed 

I: soft robotic glove 

 

O: TRI-HFT to assess 

grasp, pinch, 

manipulation. 3 trials= 

object manipulation, 

block strength, 

dynamometric msrmnts  

 

Soft robotic glove ↑ 

hand fxn to manipulate 

ADL objects and ↓ 

variability of 

performance 

  

Sig ↑ for all participants 

across all TRI-HFT 

subtests, M score diff 

=2.34,  

p < 0.01 

Did not report 

perceptions re: 

usability/comfort of 

glove 

Dimbwadyo-Terrer et 

al.  

 

2016 

 

BioMed Research 

International  

 

Spain   

 

Investigate 

effects of VR 

program 

(Toyra®) 

combined 

with CT on 

UE fxn for 

indiv w/ 

tetraplegia & 

study pt 

satisfaction of 

VR  

Controlled 

clinical trial, 

2 grp pre-test, 

post-test 

 

II 

 

E3 

N=31; 22 males, 9 

females, 19-65 yo, 

C5-C8 SCI w/ 

normal/or corrected 

to normal 

vision/hearing 

 

Ctrl grp; n=15; CT 

 

Exp grp: n=16; CT 

+ VR 

 

Incl: +18 yo, < 

12mo post SCI, A-

B ASIA level 

 

Excl:pathlgy 

affecting UE mvmt, 

Ctrl:CT=OT&physiothrp

y; 1.5hr/day 5days/wk 

for 5 wks 

 

Exp:15 30m VR sess 

3x/wk for 5wks, + CT 

 

O: UL fxn (MMT, FIM, 

SCIM-III self-care, BI, 

MI) & satisfaction 

(QUEST, satisfact. 

Survey) 

  

No sig diff in 

imprvmnts btwn 2 grps 

for clinical/ fxnl 

measures, but MCID of 

both grps reported for 

SCIM self-care, BI, MI. 

 

Ctrl grp = stat sig ↑in 

MMT  @follow up, 

p=0.043    

 

QUEST total satisfy = 

33.1 ±2.17 = grt 

satisfaction 

 

Overall satisfaction for 

Toyra, factors incl: ease 

of adjstmnt, enjoyable 

Short 

duration/dosage of 

VR tx, 5 wks may 

not be long enough 

for skill transfer 
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tech addiction, 

epilepsy, pregnant 

actvties, lightweight, 

↑motivation 

 

Shimizu et al.  

 

2017 

 

J of Spinal Cord Med  

 

Japan   

 

Effect of 

HAL®-SJ to 

restore active 

elbow flex  

Single case 

experimental 

design 

 

IV 

 

E4 

 

3/7 

 

N=1; 19yo male w/ 

complete C4 

quadriplegia 

 

Incl/Excl not 

addressed 

I:HAL®-SJ tx w/ OT/PT 

RUE = 10 sessions  

2x/wk for 5 weeks   

LUE = 10 sessions 1x/1-

2wks for 12 wks 

 

O:BI, FIM, ASIA, MMT  

EMG: vol control of B 

biceps in elbow flex 4 

mo. post tx completion 

 

BI & FIM unchanged, 

ASIA UE limb 0 → 2, 

MMT biceps & ISP 0 

→ 1  

Brain activity not 

monitored (changes 

in CNS unknown)  

 

 

 

 

COMPUTER & TYPING ACCESS 

Table Summarizing QUANTITATIVE Evidence 

Author 

Year 

Journal  

Country 

Study 

Objectives 

Study 

Design/Lev

el of 

Evidence  

Participants: 

Sample Size, 

Description 

Inclusion and 

Exclusion 

Criteria  

Interventions & 

Outcome Measures  

Summary of 

Results  

Study 

Limitations  

Andreasen-Stujik et al.  

 

2017 

 

Dis & Rehab: AT 

 

Denmark 

 

To test an 

alternative 

computer 

interface that 

is embedded 

into the oral 

cavity that 

provides 

multiple 

control 

Case control, 

2 groups non-

randomized 

 

II 

 

O3 

 

4/6 

N=4; all female 

(two w/ SCI & 2 

able-bodied) age 

range 27-57 

 

Incl/Excl not 

addressed  

I: 1-day exp for sbjcts w/ 

tetraplegia & 2-day exp 

for subjects w/o SCI. 

Subjects were trained in 

use of ITCI by typing w/ 

Matlab© interface & 

Word© as well as games 

O: Amt of time req to 

type a correct character 

For clients w/ 

tetraplegia, the mean 

time req to type a 

correct character was 

7.3 sec. For able-bodied 

clients, the mean was 

7.9 sec on day 1 & 4.3 

sec on day 2, indicating 

sig learning 

Because the authors 

developed the 

ITCI, they may 

have been biased in 

evaluating its 

effectiveness & 

ease of use. The 

small sample size 

does not make the 

study readily 
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commands for 

people with 

quadriplegia 

generalizable to 

others w/ 

tetraplegia 

Pouplin et al.  

 

2014 

 

JRRD 

 

France  

 

To carry out a 

preliminary 

eval of a 

dynamic on-

screen 

keyboard & a 

word-

prediction 

system on 

text input 

speed for pts 

w/ tetraplegia 

Pre-existing 

groups w/ 

covariates 

 

III 

 

O2 

 

5/6 

N=10, 8 male & 2 

female; 

mean=37.3yo 

Incl:18+yo, has 

funct tetraplegia, 

regularly uses on-

screen static 

AZERTY keybrd, 

not reg users of 

dynamic keybrd or 

word prdctn 

 

Excl: 

cognitive/linguistic/

visual impairment 

preventing use of 

comp 

I=1 hr. w/ each 

participant to explain 

function of the 4 modes 

(static & dynamic on-

screen keybd, with & 

without word 

prediction); for 1 month 

all 4 modes available; 

month 2 clients chose 

which to use 

O=satisfaction using 

VAS, txt input speed, 

order of pref 

No sig change in txt 

input speed across eval 

sessions (p=0.97); 9/10 

preferred static keybd 

than dynamic; dynamic 

keybrd ↓ txt input 

speed; word prdcn 

didn’t change input 

speed; static + word 

prdcn mode most 

popular; @ end of study 

9/10 chose to keep their 

own on-screen keybd 

Time spent by 

participants was not 

equal across 

modes; researchers 

did not collect data 

on use of word 

prdcn to see amt of 

use of prdcn list 

Sigafoos et al.  

 

2017 

 

Clinical Case Studies  

 

New Zealand    

 

Explore 

outcomes of a 

pt-directed 

support model 

to enable 

adult w/ CP 

to access 

internet  

Case study 

 

V 

 

D4 

 

1/3  

N=1; 44yo male w/ 

spastic quadriplegia 

CP 

 

Intact cognition, 

total assist 

(FIM=13) for 

ADLs 

 

Incl/Excl not 

addressed 

I: pt directed model to 

guide decisions re: goal 

setting & outcome 

measures during AT 

intervention; 45-60 min 

sess/wk for 12wks  

O: COPM, QUEST 

(satisfaction re: head 

pointer & iPad®)PRPS 

(participation), level of 

independence (scale 1-3) 

COPM: perf & satis 

increased from 1 to 5 

and 1 to 4. 

QUEST: head pointer 

M=4.6,iPad® M=4.2 

PRPS: +6/6 11 sess, 

+4/6 1 sess 

Lev of ind: M=2.3 

 

Pt directed model that 

incorporates self-

determination = ↑ active 

participation & 

satisfaction  

Pt had no deficits in 

communication/cog

nitive/psychologica

l abilities, so this 

model may not be 

transferable to 

indiv w/ deficits in 

those areas  

Taherian et al. 

 

Investigate 

usability of 

Case study 

 

N=1; 21yo female 

with spastic 

I: BCI training in private 

office @ school for 30 

Training allowed pt to 

gain control over neural 

Small N = difficult  

to generalize results  
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2016 

 

Disability and Rehab: 

Assistive Technology 

 

UK  

 

 

BCI as AT 

and describe 

how pt with 

CP trained to 

use BCI 

system to 

access her 

AAC 

software 

V 

 

D4  

 

1/3  

quadriplegic CP  

 

Incl/Excl not 

addressed  

min 3x/wk for 4wks w/ 

follow-up 6wks post-

training  

 

O: performance scores 

and observations from 

each trial; ability to 

access AAC software 

using BCI 

activity and motor 

imagery tasks. At 6wk 

follow-up pt able to 

control AAC software 

& type sentence using 

BCI, but much slower 

than head-wand & 

Dynavox for 

communication 

 

No raw EEG data 

recorded or 

analyzed  

Training did not 

incl accessing AAC 

software, only 

follow up. 

Training sessions 

only occured in 

morning so results 

may not account 

for fatigue 

 

Training occured in 

isolated office so 

results don't 

account for 

distractions of 

normal 

environments. # of 

trials in each 

session varied 

making results 

inconsistent  

Van Middendorp et al.  

 

2015 

 

Spinal Cord  

 

UK   

To determine 

preliminary 

benefits of 

using ETCSs 

among pts 

with 

tetraplegia & 

feasibility of 

conducting a 

RCT 

One group 

pre-post study 

 

III 

 

O4 

 

2/6 

N=6 

51-72yo, all males 

 

Incl: present w/ 

tetraplegia, 

expected 

LOS>10wks 

 

Excl: no 

comorbidities 

I=Part. used ETCS 

2x/wk for 10 wks. 1-hr 

training sessions 

provided to part. for 2-4 

wks; after training part. 

used ETCS for 2 2-hr 

sessions/wk 

O=3 questionnaires 

admin before/after ETCS 

sessions: ADAPSS, 

HADS, & ATD-PA 

ADAPSS showed no 

stat sig differences b/w 

6 subscales; ATD-PA 

showed a small ↑ in 

funct abilities 

All participants 

aged 51+; study not 

generalizable to 

younger 

individuals. 

Medical 

complications 

unrelated to the 

study limited 

ETCSs use; 

technical 

difficulties limited 

use of ETCS 
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COMPUTER & TYPING ACCESS 

Table Summarizing the Meta-Analyses/Meta-Syntheses/Systematic Review Evidence  

Author 

Year 

Journal 

Country 

Study 

Objectives  

Study Design/ 

Level of 

Evidence 

Number of Papers 

Included, Incl/Excl 

Criteria  

Interventions & 

Outcome 

Measures  

Summary of 

Results  

Study Limitations  

Baldassin et 

al.  

 

2018 

 

Quality of 

Life Research  

 

Brazil     

 

Assess 

available 

evidence re: 

influence of 

AT for use in 

computers & 

QoL for indiv 

w/ SCI 

Systematic 

Review  

 

D1, Q1 

 

4 Cross sectional, 

1grounded theory, 

1phenomenology, 

1thematic analysis, 

2narrative review, 

1descrip-

exploratory  

 

 Lev of evidence 

assigned using 

Oxford Centre for 

Evidence-Based 

Med; 

5D-3A  

 

N=79 reviewed, N=10 

selected; 

no date restriction;  

 

PubMed, PEDro, 

LILACS,PsycINFO,SCI

ELO 

 

Keytrm: SCI, 

tetraplegia,quadriplegia,

AT, self-help device, 

computer system, QoL 

 

Incl: sample  >18yo w/ 

SCI, QoL outcome 

measure 

 

Excl: lang ≠ 

Eng/Span/Ital/Portug/Fr

ench, AT ≠ computer 

interfaces 

I: AT for computer 

access  

 

O: QoL, satisfaction, 

psychosocl well-being, 

fxnl abilities, usability 

of AT, factors related to 

self-perception of 

participation, explore 

experiences  

For indiv w/ SCI, AT can 

↑ QoL for users > non-

users  

 

AT has + impact on self-

esteem/perceptn of 

competence; computer 

access = crucial for 

participation/communica

tion 

 

Dissatisf. post-SCI due 

to social disadvantages 

  

Heterogeneity in 

multiple study factors 

restrict ability to draw 

conclusions 

 

Only 3 studies detailed 

specific types of AT 

used  

 

Outcomes restricted to 

USA, Canada, 

Australia = need for 

multicultural 

perceptions of QoL 

 

 

 

 

 

Nerisanu et 

al. 

 

2017 

 

AMT 

 

Describe how 

technology 

such as eye-

tracking can 

create 

communicati

on 

Systematic 

Review 

 

D1 

 

Levels of evidence 

sought by authors 

“Over 30” articles 

reviewed; span of 

publication years 

unidentified; 12 

databases listed as 

resources; incl/excl not 

addressed  

I: Implementation of 

communicative devices 

for those with CP 

O: Usability of eye-

gaze tech with infared, 

AAC, text-to-speech, 

communication ability 

Several studies showed 

improvement in eye-gaze 

& AAC performance, ↑ 

communicative ability 

for individuals w/ CP; a 

limitation of this 

technology is the high 

The authors of the 

review neglect to 

identify levels of 

evidence of their 

reviewed studies and 

do not include 

incl/excl criteria.  
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România opportunities 

for individ w/ 

CP  

not identified price 

 

 

COMPUTER & TYPING ACCESS 

Table Summarizing the QUALITATIVE Evidence 

Author  

Year 

Journal  

Country 

Study 

Objectives 

Study 

Design/ Level 

of Evidence  

Participants: 

Sample Size, 

Description 

Inclusion and 

Exclusion Criteria  

Methods for 

enhancing rigor 

Themes and 

Results  

Study Limitations  

Feng et al. 

 

2018 

 

Journal of 

Human-

Computer 

Interaction  

 

USA 

Explores the 

evolving use 

of AT by 

people with 

quadriplegia.  

Phenomenology 

 

NR 

 

Q2 

N=15; 5 females, 10 

males; 28-67 yo; varying 

degenerative neurological 

diseases  

 

Incl/Excl not addressed  

Code-recode of data 

collected until 

theoretical saturation 

achieved  

 

Triangulation of data  

advt: ↓ control efforts, 

customizable/dynamic 

interfaces 

 

disadvantages: 

efficiency and 

accuracy, control 

precision, fatigue 

caused from AT use, 

dep on others 

 

AT abandoned when it 

does not accommodate 

pts symptoms 

 

Current AT does not 

meet efficient text-

entry and comm needs  

Small n 

 

Short duration - only 1 

30-60 min interview 

conducted w/ each pt.  

Folan et al.  

 

2015 

Gain 

understanding 

of experiences 

Phenomenology 

 

NR 

N=7; 3 outpt, 4 inpt 

 

Incl: 18+yo, dx of 

Member checking, data 

triangulation 

Themes identified: 

getting back into life, 

assisting in adjusting 

Recruitment of 

participants only from 

1 rehab center, limited 
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Dis & Rehab: 

Assist Tech  

 

Australia  

 

of clients w/ 

tetraplegia 

trialing AT for 

computer 

access 

 

Q2 

tetraplegia w/ UE 

impairment, beyond acute 

stage of rec, inpt @ VSCS 

or d/c w/i last 18mo., 

exposure to AT in past 

to injury, and learning 

new skills. These can 

all relate to returning 

to work after SCI. 

Early intro to AT ID’d 

as important to 

learning new skill 

experience of lead 

researcher w/ pts with 

SCI 

Huggins et al. 

 

2015 

 

Archives of 

Phys Med 

and Rehab 

 

USA 

Explore SCI 

survivors’ 

interest in & 

perceptions of 

BCI  

Phenomenology 

 

NR 

 

Q3 

N=40 total; 30 via SCI 

registry & 10 via BCI 

study  

 

n=24, FIM <40 & SCI 

C2-C4/5 

 

n=16, FIM>40 & SCI 

below C4 

Caregiver responses 

included 

 

Survey based on 

instrument from similar 

study & modified after 

analysis & input from 

indiv w/ phys 

impairments  

Indiv w/ high level 

SCI = strongest 

interest 

 

Current abilities of 

BCI ≠ sufficient to 

meet low func 

abilities; need ↑speed, 

↓set up time, fxns that 

supplement or are > 

than other AT 

No respondents used 

BCI; perceptions based 

on imagined 

performance NOT 

actual experience  
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Abbreviations Key 

AAC - augmentative & alternative 

technology 

AB - able bodied  

ADAPSS - Appraisals of Disability: Primary 

and Secondary Scale questionnaire 

AT - assistive technology  

ATD-PA - Assistive Technology Device 

Predisposition Assessment questionnaire 

ASIA - American Spinal Injury Association 

BCI - brain-computer interface  

BI - Barthel Index 

COPM - Canadian Occupational 

Performance Measure 

CP - cerebral palsy 

CT - conventional therapy 

ECU - environmental control unit  

ETCS - Eye-Tracking Computer Systems 

FIM - Functional Independence Measure 

HADS - Hospital Anxiety and Depression 

Scale 

HAL®-SJ - Hybrid Assistive Limb Single 

Joint  

ISP - infraspinatus  

ITCI - inductive tongue computer interface 

ITCS - inductive tongue control system 

MCID - minimal clinically important 

difference 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MI - Motricity Index  

MMSE - Mini Mental State Examination 

MMT - Manual Muscle Test  

PC - personal computer  

PIADS - Psychosocial Impact of Assistive 

Devices Scale 

PRPS - Pittsburgh Rehabilitation 

Participation Scale  

PWC - powered wheelchair  

QUEST - Quebec User Evaluation of 

Satisfaction with Assistive Technology 

rmANOVA - repeated measures analysis of 

variance 

SCI - spinal cord injury  

SCI/D - spinal cord injury/disorder 

SCIM III - Spinal Cord Independence 

Measure III 

TAPit - Touch Accessible Platform for 

Interactive Technology 

TDS - Tongue Drive System 

TRI - tongue-robot interface  

TRI-HFT - Toronto Rehabilitation Institute 

Hand Function Test  

VAS - visual analog scale 

VR - virtual reality 

VSCS - Victorian Spinal Cord Service 
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Summary of Key Findings. 

  

Summary of Experimental Studies 

Two experimental studies, levels E2 and E4, met our criteria and were selected for 

critical appraisal. Both studies recruited participants with high level spinal cord injuries 

to examine the use of technology during the intervention process as a means to increase 

upper extremity function.  

 

The randomized control trial investigating conventional therapy supplemented with a 

virtual reality program did not result in statistically significant findings (Dimbwadyo-

Terrer et al., 2016). However, minimal clinically important differences in several 

outcome measures were noted, which can be more meaningful for clients and 

practitioners alike. Moreover, the addition of the VR system resulted in satisfaction, 

increased motivation, and interest in patients. The findings from the single case 

experimental design study indicated that functional recovery of bilateral biceps muscles 

in an individual with C4 quadriplegia was possible after training with a robotic arm 

(Shimizu et al., 2017).  

  

  

Summary of Outcome Studies 

The five outcome studies included for critical appraisal included participants with 

quadriplegia and explored the effect of various assistive technologies and interfaces.  

 

Two studies used tongue-based systems to control other devices - a keyboard and an 

assistive robotic arm, and found that participants were able to use the oral systems almost 

as efficiently and accurately as able-bodied persons in functional activities (Andreasen-

Struijk et al., 2017). Another study with promising findings explored the use of a soft 

robotic glove; results indicated the glove increased object manipulation skills and hand 

function in ADLs in participants with cervical level spinal cord injuries (Cappello et al., 

2018).  

 

Another study investigated the preferences of individuals with functional tetraplegia in 

the use of four keyboard designs: static and dynamic on-screen keyboards both with and 

without word-prediction. Findings failed to support the hypothesis that these technologies 

would increase text input speed. Nine out of the ten participants chose to return to using 

the keyboards they had used prior to beginning the study over any of the proposed 

models (Pouplin et al., 2014).  

 

A study conducted to determine the benefits of an eye-tracking computer system for 

individuals with tetraplegia did not find significant improvements in outcomes related to 

psychological state, disability, or independence (Van Middendorp et al., 2015). They 

described the difficulties of conducting a study investigating use of assistive technology 

in an inpatient rehabilitation setting citing medical complications and dissatisfaction of 

the participants with the technology. Further, Van Middendorp et al. (2015) indicated the 

introduction of assistive technology may be more appropriate “...once recovery of arm 
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and hand function has reached a plateau phase” (p. 224) in order to more accurately 

assess the potential benefits of assistive technology such as the ETCS for individual 

clients.  

  

Summary of Qualitative Studies 

The five qualitative studies included for critical appraisal explored the lived experiences 

of individuals with quadriplegia and their experiences with different types of assistive 

technology.   

 

One article gave a general overview of the types of assistive technology available for 

individuals with quadriplegia and completed a study on what individuals use computers 

for, the types of assistive technology participants have tried and currently use, the 

advantages and disadvantages of the assistive technologies they have tried and currently 

use, how participants learned about and chose assistive technologies, why assistive 

technologies they had tried or previously used were abandoned, and their wishes for and 

opinions about the assistive technologies they were currently using (Feng et al., 2018). 

The primary findings from the study were that individuals with quadriplegia are not 

satisfied with the assistive technologies currently available and have a need for more 

efficient text-entry and communication technology.  

 

Two studies looked at tongue-based systems. The first explored the experiences of 

individuals with quadriplegia using a tongue drive system for the first time. They 

compared the use of the TDS for accessing the computer and operating their power 

wheelchairs with the assistive technology they currently have. The second study 

examined the experience of piercing the tongue for use of a tongue drive system with 

the intent of developing a protocol for the procedure. Both studies had positive 

outcomes. The participants in the first study found that the TDS enabled them to more 

effectively operate both their computers and wheelchairs than other assistive 

technologies (Kim et al., 2014). In the second study all participants were satisfied with 

the tongue piercing and the piercing procedure was successful with limited side effects 

(Laumann et al., 2015).  

 

Similar to the TDS for accessing a computer and wheelchair, another study explored the 

experiences of clients trialing assistive technology for computer access. The study found 

that assistive technology for accessing computers allowed participants to get back into 

life, adjust to their injury, and learn new skills (Folan et al., 2015).  

 

The final qualitative study explored the interest in a brain computer interface for 

individuals who had a spinal cord injury. They found individuals with high level spinal 

cord injuries had the highest interest in the technology, but that current brain computer 

interfaces were not sufficient for this population (Huggins et al., 2015).  
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Summary of Descriptive Studies 

Overall, the seven descriptive studies selected provided information related to several 

types of assistive technology, their impact on quality of life and communication abilities, 

and identified limitations in devices or barriers to success.  

 

A case study (Yeung & Chau, 2017) on various types of switches found that an eyebrow 

switch device was more successful and less restrictive than either a hand operated or chin 

operated switch device, suggesting it may be an effective means for a controlling aspects 

of one’s environment.  

 

TAPit, an interactive learning station that allows users to access the internet among other 

resources, was determined to have high potential as an assistive device for individuals 

with SCI. The study showed that this user friendly device positively influenced 

psychosocial components of quality of life in addition to increasing independence in 

functional tasks by enabling the individual with C4 SCI to meet ⅔ of her long-held 

functional goals (Verikios et al., 2016).  

 

Survey and questionnaire data from current or recently discharged veterans with SCI 

revealed that a majority were introduced to some form of an environmental control unit 

that had a positive impact on their independence during their inpatient stay (Etingen et 

al., 2018). Despite high levels of satisfaction, respondents indicated that there are several 

areas for improvement: opportunities for training to learn how to operate the device and 

its features, regular maintenance to prevent malfunctioning or technical errors, and 

physical properties of the equipment (wires, cables, fragile arms).  

 

Two articles included participants with spastic quadriplegic cerebral palsy. One study 

found that training with a BCI for a client with spastic quadriplegic cerebral palsy was 

possible and allowed her to access alternative and augmentative communication devices 

(Taherian et al., 2016). However, time to complete the tasks was longer than with other 

assistive technologies (head-wand, Dynavox) and further development and research with 

BCIs is necessary. The second article detailed the effects of using a patient-guided model 

during an intervention using a head-wand to access preferred internet content. Findings 

suggested that active participation of the client lead to increased satisfaction, 

performance, and increased self-determination. (Sigafoos et al., 2017).  

 

Two systematic-reviews were selected. The first was on computer AT’s influence on 

quality of life for individuals with SCI. The authors found that assistive technology with 

computer interfaces can increase aspects of quality of life by increasing self-esteem and 

perception of competence, and enabling communication for social participation 

(Baldassin et al., 2017). Methodological limitations and the heterogeneous nature of the 

selected studies prevented authors from further analyzing the results. The second 

systematic review was interested in the influence AT, such as eye-tracking, has on 

communication abilities for individuals with cerebral palsy. Information gathered 

indicated that participants’ can operate eye-gaze technology/augmentative & alternative 
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communication for increased communication, however, the high cost of the equipment is 

a significant barrier (Nerisanu et al., 2017).  

 

 

Implications for Consumers 

A wide variety of devices engineered to assist individuals with quadriplegia in 

functional tasks are on the market and continue to be developed at a rapid rate. This 

means it may be difficult to keep up with recent advances. Because the initial 

introduction to this type of technology typically happens in an inpatient rehabilitation 

setting, clients are reliant on therapists and physicians to present them with options that 

best fit their individual needs. Clients often are unable to conduct research 

independently to find devices that align with their needs and desires, and the 

opportunity to try different technologies is limited so it is difficult to know what kinds 

of assistive technology would be most appropriate. Additionally, the cost of these 

devices may be prohibitive, further limiting an individual’s choice in assistive 

technology. 

Although assistive technology can be cost prohibitive, difficult to research, and is 

typically presented by practitioners in a limited way, the development of assistive 

technology has shown to be invaluable to individuals who require it to be independent. 

Several articles included in this literature review detail the positive results assistive 

technology has provided to individuals with quadriplegia, such as: the ability to access 

the internet for entertainment and communication, control aspects of their environment 

to change the television channel and turn on lights, and restore function to further 

support their independence in daily life. There is a significant range of complexity 

within the assistive technology market; ease of use was addressed in several articles, 

indicating accessibility is a genuine concern for researchers. 

 

  

Implications for Practitioners 

Clients are reliant on practitioners to know the available technology and be able to 

present different options to them that coincide with their needs and functional abilities. 

If a client is matched with a device that is too complicated for them to use 

independently, they may relinquish the technology and be discouraged from trying 

other devices. This was evident with the client who ultimately found success with the 

TAPit device (Verikios et al., 2016). Continuing education courses and subscribing to 

tech websites may help mitigate the gap between the technology available in practice 

and what is currently being developed. By keeping up with the technology available to 

those with quadriplegia, therapists can be more confident they are providing the best 

possible care to their clients and providing opportunities for them to become as 

independent as possible. Findings concerning specific devices are detailed in the table 

following this implication section. 
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Implications for Researchers 

There is a need for outcome research on assistive technology for individuals with 

quadriplegia. Multiple articles identified in this document detail the difficulties present 

in attempting to conduct research in an inpatient rehabilitation setting. Individuals 

shortly after suffering from a SCI or TBI may be more focused on regaining function 

and motor ability by way of natural recovery than exploring what assistive technology 

is available to them to compensate for their deficit. It seems the most appropriate time 

to begin introducing assistive technology to these clients is once they have hit a plateau 

with regaining function several months post-lesion; this will inevitably occur after 

discharge from inpatient rehabilitation.  

Due to the rapid rate of technological advances and development of assistive 

technology there is a shortage of research on the current most up-to-date assistive 

technology and the available research will soon become outdated. Therefore, it is 

important that researchers continue to investigate assistive technology. Many therapists 

will want research to back up a device before they suggest it to their clients and many 

consumers will want research backing up a device before they spend the money for it, 

as many are not covered by insurance.  

  

  

Bottom Line for Occupational Therapy Practice/Recommendations for Best Practice 

The broad range of types of assistive technology devices with their varying levels of 

complexity makes it difficult to objectively compare their usability and value to those 

living with quadriplegia. The results of our research confirmed this, indicating every 

individual has specific needs related to their desires and level of function so it is 

impossible to say one type of device is best suited for all individuals. Practitioners must 

actively seek out information regarding new technology options and be prepared to 

share that information with their clients. The table below details several of the assistive 

devices used in the research studies we selected.  
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Summary of Devices and Efficacy of Each by Level of Injury or Diagnosis: 
Spinal Cord Injury  

Name of 

Device  

Purpose Findings  Level(s) of 

SCI or other 

Dx 

Author  Notes  

Eyebrow 

Switch  

To develop an 

eyebrow 

controlled switch 

to increase 

independence in 

more severely 

disabled 

individuals.  

The system 

shows promise. 

They found that 

there are 

distinguishable 

accelerometer 

signals from 

eyebrow 

movement, but 

further studies 

need to be done 

to assess its 

effectiveness with 

disabled 

individuals.  

C1-C4 SCI 

(but primarily 

tested on an 

able-bodied 

individual) 

Yeung, M., & 

Chau, T. 

(2017) 

They have a 

preliminary device 

design but it is not 

available for purchase.  

The Tongue 

Drive 

System 

(TDS)  

Used to access a 

personal 

computer and 

drive a powered 

wheelchair   

Participants 

preferred devices 

that were the least 

noticeable 

(retainer over 

headset and 

injection over 

tongue piercing) 

About 50% of 

participants said 

TDS was easy to 

access. 50% of 

participants found 

TDS to be more 

effective than sip-

and-puff and 

other current AT.  

C2 - C6 SCI Kim et al. 

(2014) 

TDS is a functional 

prototype, but not 

currently available for 

purchase.  

Tobii 

Eyegaze 

C15 System 

ETCS for 

computer access 

and 

communication 

ability 

Although the 

ETCS was easy 

to use, there were 

no substantial 

improvements in 

independence for 

clients 

C2-C5 SCI Van 

Middendorp et 

al. (2015) 

Tobii Dynavox no 

longer sells the C-

series 

HAL®-SJ Restore active 

elbow flexion 

Able to contract 

both biceps 

voluntarily 

C4 SCI 

(complete) 

Shimizu et al. 

(2017) 

Commercially 

available, but pricing 

& additional info only 

available for medical 

institutions/welfare 

organizations 

TAPit Internet use for 

access to 

information and 

communication 

The TAPit allows 

individuals with 

quadriplegia to 

perform 

meaningful tasks 

C4 SCI 

(incomplete) 

Verikios et al. 

(2015) 

Cost starting at 

$16,995.00 (“The 

TAPit,” n.d.) 



AT FOR INDIVUALS WITH QUADRIPLEGIA   

 

 
 

25 

such as reading 

online, 

independently 

making Skype 

calls, and 

operating the 

television 

QuadJoy Mouth-operated 

joystick (sip & 

puff) computer 

mouse 

Provides 

independence in 

online access & 

communication 

via the internet 

C4 SCI 

(complete) 

C4/5 SCI 

(complete) 

Folan et al. 

(2015) 

Cost starting at 

$1,398.60 (“QuadJoy 

Package,” n.d.)`] 

Dragon 

Voice 

Activation 

Internet Use, 

Typing Letters 

Increase in typing 

speed, 

independence 

with computer 

use and 

composing 

messages 

C4 SCI 

(complete) 

C4 SCI 

(incomplete) 

C5 SCI 

(complete) 

C5 SCI 

(incomplete) 

Folan et al. 

(2015) 

Cost starting at $150 

(“Dragon Home,” 

2018) 

Fabric-based 

soft robotic 

glove 

Manipulate 

objects 

Improved 

manipulation in 

ADL tasks 

C4-C7 SCI Cappello et al. 

(2018). 

Updated design; not 

commercially 

available  

Toyra® 

Virtual 

Reality 

System 

Increase arm 

function, 

satisfaction with 

VR system 

High satisfaction 

reported by all 

participants; 

upper limb 

function results 

were similar to 

conventional-

therapy-only 

group 

C5-C8 

complete SCI 

Dimbwadyo-

Terrer et al. 

(2016) 

Sales model is adapted 

to each individual’s 

needs; price varies 

based on services 

required (“Toyra Sales 

Model,” n.d.) 

Custom 

Virtual 

Keyboard 

Dynamic on-

screen keyboard 

The dynamic 

keyboard reduced 

text-input speed 

by 37% 

Cervical-level 

SCI; 

Myopathy; 

Locked-in 

Syndrome; 

Tetraplegia 

Pouplin et al. 

(2014) 

The custom virtual 

keyboard used in this 

study was developed 

by the research team 

and is available free of 

charge 

Sibylle Word-prediction 

system 

The addition of 

word prediction 

had no effect on 

text input speed 

Cervical-level 

SCI; 

Myopathy; 

Locked-in 

Syndrome; 

Tetraplegia 

Pouplin et al. 

(2014) 

Purchasing 

information 

unavailable 

Other or Unknown Diagnoses  

EMOTIVE 

EPOC+   

Investigate 

usability of BCI 

as AT and use of 

BCI to access 

AAC software 

after 4 weeks of 

BCI training.   

The participant in 

this study was 

able to control 

her AAC device 

using the BCI, 

but it took much 

more time than 

when she uses her 

head wand. 

  

Spastic 

quadriplegic 

cerebral palsy  

Taherian et al. 

(2016) 

Emotive EPOC is a 

brain computer 

interface (BCI). It is a 

commercially 

available  14-channel 

headset. It costs 

$799.99 (“EMOTIV 

EPOC+ 14 Channel 

Mobile EEG,” n.d.)  
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ITCI  Typing, computer 

use, game 

accessibility 

Individuals with 

tetraplegia were 

able to perform 

typing with the 

ITCI; design of 

the system 

aesthetically 

desirable as it is 

fully intraoral and 

discreet 

Individuals 

with 

tetraplegia 

Andreasen-

Struijk, Lontis, 

et al. (2017) 

Unavailable to 

consumers 

 

 

ITCS Control assistive 

robotic arm for 

ADLs 

Individual with 

tetraplegia was 

able to use tongue 

interface to 

control robotic 

arm without long-

term training or 

personal 

assistance.  

Tetraplegia Andreasen-

Struijk, 

Egsgaard-

Lindhardt, et 

al. (2017) 

Tongue interface used 

in study 

unavailable.Similar 

models (iTongue) 

commercially 

available; purchasing 

information not found. 
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Involvement Plan 

Introduction 

 

On February 15th, 2019, a meeting was conducted with our group’s collaborators in order 

to present the final CAT table and discuss options that would allow us to help them utilize the 

information within. Due to the nature of this research project and the collaborators’ desire to 

share this information with as many of their patients as possible, it was decided that a binder 

detailing the devices included in the CAT would be most useful. Included in the binder was the 

name, photo, purpose, cost, and purchasing information for the devices. Many devices in our 

CAT are not commercially available so they were not included in the binder; however, a master 

list of manufacturers serves as a resource for staying current on devices that are updated, 

outdated, or up and coming. The intended audience is clinicians in addition to clients with high 

level spinal cord injuries and their families.  

Due to the rapid, ever-changing nature of technology, there were a number of 

commercially available devices that did not have research demonstrating their effectiveness. Our 

collaborating practitioners requested devices without evidence backing also be included in the 

binder. The binder was divided into three sections: devices that support environmental control, 

devices that support computer access, and safety. There is also a restoring function section in the 

CAT. However, it was decided that devices of these nature, such as passive range of motion 

machines, would not be included in the binder because these devices are designed to restore 

function and are typically used as a treatment method in a therapy setting rather than by the 

individual in their home.  

In addition to the binder, an in-service was held for the rehabilitation practitioners at the 

facility, including occupational and physical therapists. This session provided us an opportunity 
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to present the binder to the practitioners, explain how and why they might use it, and allowed 

them time to ask questions.  

Context 

Prior to implementation, it was considered that knowledge translation could be affected 

by several different types of contextual factors. On the organizational level, it would have been 

difficult to collaborate with each and every department due to the large size of the facility. Due 

to the nature of this research project, we collaborated with the rehabilitation department 

specifically. 

      On the departmental level, we considered knowledge integration regarding the assistive 

technology (AT) binder throughout the entire rehabilitation department. We attempted to 

mitigate this by holding an in-service as a means to introduce the binder’s contents as well as 

present background information such as our research question and a brief summary of the 

research process. The in-service was held during the facility’s lunch hour, however, the schedule 

of the practitioners was a deciding factor in scheduling the date of the in-service and not every 

practitioner was able to attend.  

On an individual level, we could not be sure of the AT binder’s applicability to each 

discipline in the rehabilitation department. Occupational therapy practitioners knew it would be a 

valuable tool for patient education, however, it depended on the personal preference of the 

individual occupational therapist as to whether they chose to present this resource to their clients. 

It is not clear if other disciplines on the rehabilitation team, such as physical and speech therapy 

practitioners, have utilized the AT binder in their work. However, because they were invited to 

the in-service, they may now know about the binder as a resource. 



AT FOR INDIVUALS WITH QUADRIPLEGIA   

 

 
 

34 

Additionally, the contents of the binder were primarily intended for individuals with high 

level spinal cord injuries. Due to their injury, these clients may not be able to independently turn 

the pages of the binder without assistance from another individual. This may be a barrier that 

prevents this resource from reaching a large part of its intended audience - the clients and 

consumers themselves. However, in order to make the information accessible to as many clients 

and family members as possible, the binder was designed with the widespread levels of cognition 

and health literacy knowledge in mind. This was done by using patient-friendly language at 

approximately a sixth-grade reading level, with large font, and a clean and consistent format. 

Assistive technology is complex. By organizing and condensing the information into a binder, 

we made the information easier to access and more digestible.  

Monitoring Outcomes 

Our intended outcome was to provide rehabilitation therapists and clients with high level 

spinal cord injury with a means to access information about potential assistive technology 

devices that can support them in functional tasks. To evaluate the outcome of the AT binder, we 

administered two surveys to the practitioners. The initial survey was given after we presented the 

background of our research study and the AT binder at the in-service presentation. The first 

survey was interested in the value of the information we provided and how likely they are to use 

the binder with current and future clients. We sent a follow-up survey on 4/22/19 to gather 

information and feedback regarding how often and in which manner the practitioners have used 

the AT binder with their clients. 
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Tasks/Products and Target Dates 

Task/Product Deadline Steps with Dates to Achieve 

Final Outcome 

Binder of AT devices with photo, what the 

device is, its purpose, the cost, and where to 

find more information. 

3/24/19 1. Locate devices to be 

included (3/10) 

2. Divide up devices amount 

group members (3/11) 

3. Create table of 

contents/index (3/23) 

4. Assemble binder (3/24) 

In-service to introduce the AT binder to 

practitioners 

4/5/19 1. Put together PowerPoint 

presentation (3/31) 

2. Create initial paper survey 

to monitor outcomes (3/28) 

Develop follow-up survey to evaluate 

outcomes 

4/19/19 1. Create and send online 

follow up survey to 

attendees  
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Knowledge Translation 

We conducted two knowledge translation activities that involved the creation of an 

assistive technology binder as a resource for the facility, and an in-service to present and 

introduce the binder to our collaborators and their colleagues at Good Samaritan Hospital in 

Puyallup, Washington.  

Assistive Technology Binder 

It was decided with our collaborators that a binder of available assistive technology 

would be the most useful way for them to access and share our research with their clients and 

other members of the rehabilitation team. Because our systematic review identified a limited 

number of hardware/software options, some did not have positive outcomes, and not all were 

commercially available, our collaborating practitioners requested that we also include 

commercially available assistive technology that did not have evidence to back it. They also 

requested that we exclude the devices categorized as restoring function because these devices 

would typically be used in a clinic setting rather than by the individual in their home. At this 

meeting, we provided a sample page of what a page in the binder could look like to get feedback 

from the collaborators. After viewing the sample page, it was decided that each page would 

feature the following items in this order: the product logo, a photo of the product, a description 

of what the product is, its purpose, the cost, and a web link to find additional information. The 

font would be at least size 18 with a reading level of 6th grade or lower to make it useable by a 

greater number of individuals. Each page would be single sided and placed in a page protector to 

allow for easy removal to photocopy or replace if technology becomes outdated or updated.  

Internet searches were conducted in order to find additional assistive hardware/software 

not previously identified in our research to aid individuals with quadriplegia in functional tasks. 
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This resulted in the final binder including a total of 49 assistive technology options. The 

binder was divided into three main sections: devices that support environmental control, devices 

that support computer access, and safety. The section on devices that support environmental 

control contains 29 assistive devices and is further subdivided into 10 subcategories: 

environmental control units and smart hubs, smart speakers, communication devices, door locks 

and video doorbells, fans and heaters, garage door openers, lights, smart home product 

manufacturers, thermostats, and window coverings. The section on devices that support 

computer access contains 19 assistive devices and is further divided into 7 subcategories: hands-

free computer access and dictation, hands-free mice, smartphone/tablet access, hands-free video 

game controllers, mouth sticks, on-screen keyboards, and accessible computers. The safety 

section contains one device, so it was not further divided into subcategories. 

 In order to make it easier to compare similar devices, a table is presented at the 

beginning of each subcategory listing the names, a short description, manufacturer name, and 

price of each device included in that subcategory. Following the safety section of the binder is a 

table that lists a portion of the many devices compatible with the top three smart speakers - 

Amazon Echo, Google Home, and Apple Home Kit. The table includes the name of the product 

or app, how voice control works with it, and a weblink to find more information. As we searched 

for additional technology to include in this binder, we found that a great number of the 

apps/devices were compatible with smart speakers, so we decided it was important to include 

this table. Due to the rise in popularity and everyday use of voice-controlled smart speakers, the 

number of devices and apps compatible with them has grown at a rapid rate and continues to do 

so.  
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Next, is a product manufacturer list for all products included in the binder with a link to 

each manufacturer's website. This feature was included to assist with keeping the binder up to 

date. By having all manufacturers in one central location it makes checking manufacturers 

websites for updates on products in the binder and identifying new products to add to the binder 

faster and easier. 

The final feature in the binder is a resource section. It includes both local and online 

resources for a variety of information needs such as selecting appropriate assistive technology, 

funding for assistive technology, programs that assist with trialing devices, home modifications, 

resources for setting up already existing accessibility features on smartphones and computers, 

along with a variety of other things. We understand that there is a significant amount of effort 

and decision making involved in acquiring assistive technology, more than simply having a 

desire to use it. Therefore, we felt it was important to provide additional resources that 

individuals may find as a helpful starting point.  

 Throughout the process of creating this binder we encountered some difficulties. Since 

we were including devices that were not backed by the evidence it was challenging to know 

when to stop searching for technology to add to the binder. We also found that with the rise in 

popularity of smart homes and smart technology there is a larger number of manufacturers of 

similar smart products than in the past. Ultimately, we stopped adding additional technology 

once we were unable to locate additional devices or had a few of a similar type of device 

included. While we know we do not have an exhaustive list of all assistive technology available 

to support individuals with quadriplegia in functional tasks, we do feel that it is a very good 

starting point to demonstrate to client’s and their family what is available.  
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Another difficulty encountered was locating information about purchasing or 

downloading information for devices and software included in the systematic review. For 

example, one article (Pouplin et al., 2014), looked at custom virtual keyboards and stated they 

were available free of charge, but there was no information provided about how to access them. 

Other devices included in the systematic review were prototypes, not commercially available, no 

longer sold, or only available for purchase from medical institutions. This limited the number of 

devices from our systematic review that we were able to include in the binder to four.  

In-Service Presentation  

Following the creation of the binder, our group developed a PowerPoint presentation to 

present to our collaborators and other individuals on the rehabilitation team who chose to attend 

our in-service. In order to prepare for this in-service, we reviewed the latest version of our CAT 

paper to pull out the most noteworthy elements of our research to briefly highlight at the 

beginning before delving into the specifics of the binder.  We then introduced the binder and 

covered relevant features of the binder as well as our thoughts on the potential use and impact it 

could have. We introduced the three main sections, two of which were divided further into 

subcategories, and provided an example of a device page and a summary table page. Next, we 

discussed the table on devices compatible with smart speakers and why we felt this was an 

important section to include. Last, we reviewed the resource section and discussed some of the 

local options we had included in this list to ensure practitioners were aware of these local 

resources available to their clients. At the end of the in-service a survey was handed out to assess 

attendees’ opinions on potential usefulness of this binder as resource for their clients.  
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Outline of scheduled dates of completion 
Task/Product  Deadline 

Date  

Steps with Dates to achieve the 

final outcome 

Deadlines 

Met?(Y/N) 

Create binder of AT devices 

with photo of device, what 

the device is, its purpose, the 

cost, and where to find more 

information.   

3/24/19 1. Meeting with collaborators to 

discuss knowledge translation 

- 2/16 

2. Meeting with Dr. Tomlin re: 

knowledge translation - 2/5 

3. Locate devices to be included 

in binder - 3/10 

4. Divide up devices among 

group members - 3/11 

5. Create table of contents/index 

- 3/23 

6. Send draft of binder to Dr. 

Tomlin for feedback - 3/25  

7. Assemble binder - 4/3 

Y 

Inservice to introduce the 

AT binder to practitioners 

4/5/19 1. Contact collaborators to set 

date for in-service 

2. Put together PowerPoint 

presentation - 3/31 

3. Send draft of PowerPoint to 

Dr. Tomlin for feedback - 

4/30  

4. Create survey to monitor 

outcomes, send to Dr. Tomlin 

for feedback - 3/28  

5. Present binder at in-service - 

4/5  

Y 

Develop follow-up survey to 

evaluate outcomes 

4/19/19 1. Create and send follow up 

survey to Dr. Tomlin for 

feedback - 4/19 

2. Create follow up survey - 4/22 

3. Send follow-up survey 

reminder to attendees - 4/24  

 

Y 
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Statement of Outcome Monitoring  

In order to monitor the outcome and effectiveness of the assistive technology binder at 

Good Samaritan Hospital we conducted two surveys. The first was given immediately after the 

in-service, where we also collected the names and email addresses of the attendees. The follow-

up survey was sent out via email 17 days later, using an online survey tool. A follow-up 

reminder email was sent 2 days after the initial email was sent. A thank you email was also sent 

to respondents of the online survey.  

The initial survey focused on the value of the in-service, likelihood of potential use of the 

binder, and whether the practitioner had a current or past client that could benefit from its use. 

Refer to Appendix C to view initial survey. The follow-up survey focused on whether the 

practitioner had looked at/used the binder, how useful it has been for them, and their reasoning if 

they had not used it. There was also room for qualitative feedback at the end. Refer to Appendix 

D to view follow-up survey.  
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Evaluation of Outcomes 

A survey was distributed immediately after the in-service on April 5, 2019 at Good 

Samaritan Hospital in Puyallup, Washington. Eleven rehabilitation practitioners attended the in-

service: five occupational therapists, five certified occupational therapy assistants, and one 

physical therapist. Eleven completed surveys were returned.  

The survey sought to evaluate the perceived value of the in-service and assistive 

technology binder, whether practitioners currently had a client who would benefit from the 

binder or have had a past client who would benefit, and the likelihood of binder utilization in the 

future. Overall, feedback was positive. On a scale from one to ten, one being not valuable at all 

and ten being highly valuable, responses averaged 8.2 to the question of whether the in-service 

provided valuable information.  

Seven of the eleven respondents indicated they currently had a client who would benefit 

from the assistive technology binder. Every respondent indicated they have had a client in the 

past who would have benefited from the binder.  

On a scale from one to five, one being not likely at all and five being very likely, 

responses averaged 4.9 to the question of, “How likely is it that you will have a client in the 

future who would benefit from the assistive technology binder?” Using the same scale, the 

question “How likely are you to use the assistive technology binder as a resource with future 

clients?” received an average response of 4.6.  

An online follow up survey was distributed about two weeks later via email to the ten 

practitioners who had been present at the in-service and had provided their email on the check-in 

form. The email invitation to the survey was sent out on April 22, 2019 and an email reminder to 

complete the survey sent on April 25, 2019. The follow up survey sought to identify whether the 
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assistive technology binder had been used in practice, whether it was perceived as a useful 

resource, and the likelihood of the practitioner giving it to a future client.  

Despite our sending an email reminder to complete the survey, response to the survey 

was limited, with only three responses being submitted out of the ten email requests. For this 

reason it is impossible to generalize the data as being true for all practitioners who were present 

at the in-service.  

Results of the online survey were mixed; two of the three respondents reported they had 

had time to look at the binder, however none of the respondents indicated they had presented the 

binder to a client. Two reported they had not had a client with quadriplegia since receiving the 

binder at the in-service, and one respondent indicated the client with quadriplegia they provided 

services to was not interested in exploring assistive technology options. All three respondents 

answered “Yes” to the question of whether they predicted they would have a future client who 

would benefit from the binder. 

It would be beneficial to develop a second online follow up survey to gauge utilization of 

the assistive technology binder to determine if it is a useful tool for practitioners in this setting. 

Additional email reminders and phone contact may increase the likelihood of higher response 

rates. However, due to time constraints, this will not be possible.  
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Analysis of Overall Project Process 

We had opportunity to collaborate with practitioners in the community, Sonia Nurkse, 

OTR/L and Bridget Tanner, OTR/L, with the support and guidance of our chair and mentor, 

George Tomlin, PhD, OTR/L, FAOTA. The yearlong process involved: identifying search terms 

and inclusion/exclusion criteria to conduct a review of the literature, carefully screening articles 

for relevance and eligibility, critical analysis of selected articles to determine implications and 

conclusions, collaborating with our practitioners and chair to create and deliver a meaningful 

knowledge translation product, and measuring the outcome of our product.  

Throughout this endeavor we encountered a few challenges due to the rapid and ever 

evolving nature of our topic on technology. The first task was determining a cutoff date for 

including articles. We decided to exclude articles published before 2014, with the hope that this 

would limit the inclusion of technology that is now out of date.  

The second challenge was due to the vast array of available devices. This made it difficult 

to conclude that any single device is the most effective, considering each client presents with 

unique needs, abilities, and preferences. After meeting with George, it was decided the most 

practical way to present these findings was to develop a summary table highlighting the features 

of the devices. To do so, we organized the findings into 3 categories: devices that support 

computer access/typing, devices that support environmental control, and devices that restore 

function.  

The third challenge we encountered had to do with the knowledge translation portion of 

this project and creating a product that would be of use, despite our limited findings. Our 

discussions with George, Sonia, and Bridget led us to the decision that we would create a 

compilation of assistive technology devices that are both backed by research and those that are 
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not. During the creation of this binder we had to problem-solve how to design it so that the 

information is easily understood, shareable, and updated. To address these considerations, we 

ensured the binder had 1) a consistent layout 2) summary tables for cross-referencing 3) plastic 

sheet coverings so pages could be easily removed for photocopying or removed for updating, and 

4) a master list of manufacturers and resources.  

We presented the binder at an in-service and delivered two follow-up surveys, two weeks 

apart, to measure outcomes. The first survey, delivered immediately after the in-service, had a 

100% response rate. However, the second survey was sent via email to the attendees and despite 

reminder emails, we had a low response rate.  

Overall, the process taken to address this question was time consuming and yet 

rewarding, knowing our findings would potentially have an impact on the services provided by 

practitioners at Good Samaritan Hospital and the quality of life of their clients. Although the 

topic we were assigned to address was not initially of interest to any us, it was enlightening to 

see how we each gradually became more invested in this subject area. The process of conducting 

this research project has been a valuable learning experience that has led to a growth in both our 

understanding of and appreciation for evidence-based practice. This project also allowed us the 

opportunity to practice and understand the importance of open communication, individual 

accountability, and group decision making. These skills will support our success as effective 

team members in each of the settings we end up in as future occupational therapists.  
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Recommendations for Feasible Follow-On Future Projects 

Recent research on commercially available assistive technology to support individuals 

with quadriplegia in functional tasks was limited. Future research should focus on exploring the 

effectiveness and levels of satisfaction with commercially available assistive technology. All 

technology included in our systematic review was unfamiliar to us, as a majority of it was either 

a prototype created specifically for the study or not commercially available. It could also be 

beneficial for future research to explore commonly used and well known devices such as 

Amazon Echo or Philips Hue, as they are used by a wider variety of individuals, more readily 

available and therefore may be more likely to be purchased.  

 When conducting searches for assistive technology to include in our assistive technology 

binder we found many manufacturers creating devices that do the same things. For example, 

there are five hands-free computer mice included in the binder. Each works slightly differently, 

but they all allow individuals with quadriplegia to access the computer. Because there are so 

many devices that all complete similar tasks and functions, it could be beneficial for future 

research to compare devices in order to assist individuals in selecting a device that best fits their 

needs.  

Many of the devices included in the assistive technology binder are smart home devices. 

Because smart homes are currently so popular amongst all individuals, able bodied and disabled, 

the number of manufacturers and compatible products available is increasing rapidly. If 

conducting research to compare these devices, it would be imperative to conduct it with 

individuals with quadriplegia and differing levels of abilities, in order to ensure the findings are 

applicable to a broad range of individuals.  
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When conducting our review, we contacted assistive technology product manufacturers 

in hopes that they would be able to provide us with outcome research related to their products. 

Unfortunately, none of the manufacturers contacted provided us with any relevant research. One 

manufacturer was interested in contacting our collaborating practitioners to arrange for a trial of 

the device in the hospital. If assistive technology product manufacturers are willing to do this in 

the future, a future project could be to trial specific assistive devices with clients being seen in 

the hospital to gather data on effectiveness of the technology, ease of use and satisfaction. If 

trialing multiple devices used for similar purposes, devices could also be compared.  
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