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Abstract

Background. While nerve and tendon transfer surgery can restore upper extremity function and independence after
midcervical spinal cord injury, few individuals (; 14%) undergo surgery. There is limited information regarding
these complex and time-sensitive treatment options. Patient decision aids (PtDAs) convey complex health informa-
tion and help individuals make informed, preference-consistent choices. The purpose of this study is to evaluate a
newly created PtDA for people with spinal cord injury who are considering options to optimize upper extremity
function. Methods. The PtDA was developed by our multidisciplinary group based on clinical evidence and the
Ottawa Decision Support Framework. A prospective pilot study enrolled adults with midcervical spinal cord injury
to evaluate the PtDA. Participants completed surveys about knowledge and decisional conflict before and after view-
ing the PtDA. Acceptability measures and suggestions for further improvement were also solicited. Results. Forty-
two individuals were enrolled and completed study procedures. Participants had a 20% increase in knowledge after
using the PtDA (P \ 0.001). The number of participants experiencing decisional conflict decreased after viewing the
PtDA (33 v. 18, P = 0.001). Acceptability was high. To improve the PtDA, participants suggested adding details
about specific surgeries and outcomes. Limitations. Due to the COVID-19 pandemic, we used an entirely virtual study
methodology and recruited participants from national networks and organizations. Most participants were older than
the general population with a new spinal cord injury and may have different injury causes than typical surgical can-
didates. Conclusions. A de novo PtDA improved knowledge of treatment options and reduced decisional conflict
about reconstructive surgery among people with cervical spinal cord injury. Future work should explore PtDA use for
improving knowledge and decisional conflict in the nonresearch, clinical setting.
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Highlights

� People with cervical spinal cord injury prioritize gaining upper extremity function after injury, but few
individuals receive information about treatment options.

� A newly created patient decision aid (PtDA) provides information about recovery after spinal cord injury
and the role of traditional tendon and newer nerve transfer surgery to improve upper extremity upper
extremity function.

� The PtDA improved knowledge and decreased decisional conflict in this pilot study.
� Future work should focus on studying dissemination and implementation of the ptDA into clinical practice.
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Introduction

Making decisions about elective surgical treatment can
be challenging and should consider biological, psychoso-
cial, and other factors.1–3 Thoughtful consideration of all
factors is particularly important when considering sur-
gery to restore function in people living with cervical
spinal cord injury. Due to paralysis involving the upper
extremity, individuals with cervical-level spinal cord
injury require varying levels of assistance with many
activities of daily living (ADLs), including feeding,
bowel/bladder function, locomotion (with the assistance
of a wheelchair), and transfers (from bed to chair/vehi-
cle). As such, restoration of upper extremity function is a
priority,4,5 and small improvements can result in sub-
stantial gains in independence with ADLs, self-esteem,
and autonomy6–8 and may reduce the $3 to $5 million
US dollars in lifetime care costs for a single person with
spinal cord injury.9

Most spontaneous recovery of movement and muscle
strength occurs within 6 to 12 mo of injury.10

Rehabilitation, including occupational and physical ther-
apy, are vital to gaining strength and incorporating new
movement into the performance of ADLs. Surgery can
also be used to gain movement. Both tendon and nerve
transfer surgeries use expendable functioning donor mus-
cles and nerves to restore absent recipient function
such as elbow extension, wrist extension, and hand
opening and closing. Traditional tendon transfers are
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well-established,11–15 reliable, and restore strong move-
ment but require immobilization and non–weight bearing
for weeks to months after surgery.6,16 Newer nerve trans-
fer surgeries have efficacy across settings17–21 and do not
require immobilization or non–weight bearing, but there
are higher rates of failure to restore strength.22,23

Importantly, nerve transfers are time sensitive, meaning
that some individuals may lose the opportunity to
undergo this surgery as time passes.17,24–26

Few eligible people with spinal cord injury undergo
these surgeries.27,28 There are multiple barriers to care
including a lack of 1) information about treatment
options,29–31 2) cross-specialty collaboration/refer-
rals,32,33 and 3) provider availability.5,34,35 To overcome
this first barrier, detailed information is needed to sup-
port informed, preference-consistent choices about
appropriate treatment. Patient decision aids (PtDA)
effectively convey information about treatment options
and assist users in considering the advantages and disad-
vantages in the context of their own personal circum-
stances.36–38

Using information from the literature and previous
studies, we developed a PtDA that communicates infor-
mation about surgical and nonsurgical treatment of the
upper extremity after spinal cord injury. The purpose of
this pilot study was to carefully evaluate this new PtDA
in a research setting. We hypothesized that use of the
PtDA would improve user knowledge and decrease deci-
sional conflict about upper extremity management for
individuals living with cervical spinal cord injury.

Methods

Decision Aid Development

A Web-based mobile-friendly PtDA was developed by
our multidisciplinary research team consisting of clinical
spinal cord injury experts, patient advocates, PtDA
developers, clinicians, and researchers with expertise in
patient-centered care. The determination to create an
online tool was informed by our previous research,
which showed that people with spinal cord injury prefer
the use of computers, phones, and tablets for accessing
health information.29 The content of the PtDA was
informed by the current literature, results from the
European Multicenter Study about Spinal Cord Injury
(EMSCI),39 and a prospective mixed-methods cohort
study of people living with cervical spinal cord injury (who
did and did not undergo surgery) and their caregivers.40–42

Information was summarized and incorporated into the
PtDA. The Ottawa Decision Support Framework cri-
teria,43 International Patient Decision Aid Standard

Collaboration (IPDAS),44–47 and other best practice rec-
ommendations48,49 were followed. The PtDA can be found
at https://healthliteracymedia.wixsite.com/mysite.

The PtDA incorporated salient information about
spontaneous recovery after spinal cord injury and func-
tional outcomes and experiences after surgical and non-
surgical (rehabilitation alone) interventions. An implicit
values clarification section encourages users to reflect on
the various benefits, risks, and uncertainties about the
complex and potentially time-sensitive decision to pro-
ceed with or forgo an intervention to improve upper
extremity function. Health literacy experts ensured the
PtDA met presentation, comprehension, and readability
goals. An independent multidisciplinary advisory panel
reviewed materials. This panel included people living
with spinal cord injury, their caregivers, a diverse group
of clinicians (including nonsurgeon physicians, spinal
cord injury specialists, physical/occupational therapists,
social workers, and psychologists who specialize in the
treatment of individuals with spinal cord injury), and
researchers with expertise in patient-centered care.
Further iterative refinement of the PtDA was based on
their review and input. This advisory panel was orga-
nized to provide a diversity of opinions and included
individuals who received upper extremity reconstruction
for their spinal cord injury and those who did not. The
current iteration includes information on the natural his-
tory after spinal cord injury and expected recovery with-
out surgical intervention, descriptions of nerve and
tendon transfer surgeries, and a discussion of factors that
could affect choice (financial situation, caregiver avail-
ability, expected gains of function, risks of surgery, and
tolerance of immobilization). The values clarification
section contains a downloadable file that users can share
with their treating providers.

Testing the Decision Aid

Adults between 18 and 80 y of age with midcervical
spinal cord injury were recruited for study participation
between August 2021 and September 2022. Due to the
COVID-19 pandemic, these individuals were recruited
online, through spinal cord injury newsletters, mailing
lists, support groups, blogs, and social media.
Recruitment partners included organizations/Web sites
such as Paralyzed Veterans of America, North American
Spinal Cord Injury Consortium, and Northern
California Spinal Cord Injury Foundation. Eligibility
was determined through a screening survey that inter-
ested participants completed online, via the secure
Research Electronic Data Capture (REDCap) sys-
tem.50,51 Participants with cervical-level spinal cord
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injury were included if they endorsed limited hand func-
tion, wheelchair dependency, and English language flu-
ency. Individuals were excluded if they had previously
undergone nerve or tendon transfer surgery. Those eligi-
ble provided their contact information for study team
follow-up. After an informed consent process and study
enrollment, participants were provided a unique link to
the testing instruments in REDCap. They completed sur-
veys about demographic and clinical characteristics.

A de novo 10-item knowledge survey was created and
revised by the research team with input from the advi-
sory board and health literacy consultants. Questions
were used to assess participant understanding of natural
recovery after spinal cord injury, surgical and nonsurgi-
cal means to improve upper extremity function, and
other information included in the PtDA (Supplementary
Table 1); answers were true, false, or unsure, and partici-
pants were provided the answers at the end of study par-
ticipation. Correct responses were added, and a score
was created to indicate the number of correct responses
out of the total possible, yielding a percentage correct;
unsure responses were counted as incorrect. Decisional
conflict (a state of uncertainty when asked to make a
decision related to care) was assessed and scored using
the validated 4-item SURE measure, yielding responses
of either decisional conflict or no decisional conflict.52

After the baseline assessment, participants were pro-
vided a link to interact with and review the PtDA online.

After the PtDA interaction, participants were directed
back to REDCap and completed the postintervention
procedures. They were readministered the knowledge and
decisional conflict measures. They were also asked to com-
plete a validated single-item health literacy screening ques-
tion53 (Supplementary Table 2) and answer closed and
open-ended questions to assist in future refinement and
improvement of the PtDA. The Acceptability Tool54 was
modified and used to query participants about the length,
content, style, presence of bias toward one treatment
option over another, and overall usefulness of the PtDA
(Supplementary Table 2). Users were also asked about
how they reviewed the PtDA (on computer and/or phone,
alone or with others, and in one setting or over a period of
time). Finally, participants were asked an open-ended
question about suggestions for how to improve the PtDA.
This information was collected within the online study
procedure survey as well as verbally during a final follow-
up phone call with a research team member. Information
provided over the phone was summarized qualitatively.

This study was approved by the Washington
University Institutional Review Board (IRB No.
202106018) and the Human Research Protection Office

of the US Army Medical Research and Development
Command. Informed consent was obtained from all par-
ticipants; they received a $30 gift card upon completion
of all study activities.

Data Analysis

An a priori power analysis was performed based on the
literature and expected findings using the validated deci-
sional conflict measure as the primary outcome
meaure.55,56 Recommendations for prospective rando-
mized clinical trials anticipate an effect size of 0.3 to 0.4;
we assumed an effect size of 0.4 and sought to recruit 52
participants.

The normality of continuous variables was assessed
with a Shapiro-Wilk test. Knowledge survey results
before and after viewing the PtDA were compared using
a paired-sample t test. Decisional conflict results were
compared using a chi-squared test. Feedback on the
PtDA was reported with descriptive statistics. Normally
distributed variables were reported with mean and stan-
dard deviation (s). Nonnormally distributed variables
were reported with median and interquartile range
(IQR). Subgroup analysis was also performed as num-
bers permitted. Statistical analysis was performed using
Prism (Graphpad, San Diego, CA). Only individuals
who completed the knowledge and decisional conflict
measures before and after viewing the PtDA were
included in the final analysis.

Funding

This work was supported by the Office of the Assistant
Secretary of Defense for Health Affairs, through the
Spinal Cord injury Research Program under Award No.
W81XWH-17-1-0285. Opinions, interpretations, conclu-
sions, and recommendations are those of the author and
are not necessarily endorsed by the Department of
Defense. Grant funding supported research staff salaries
and participant reimbursement. The funding agreement
ensured the authors’ independence in designing the study,
interpreting the data, writing, and publishing this report.

Results

Study Participation and Demographics

The screening questionnaire was completed by 170 indi-
viduals (Figure 1); of these, 80 were eligible to partici-
pate. Of the 67 successfully contacted, 11 were deemed
ineligible on further questioning by study personnel as
they did not meet the inclusion criteria. Of these 11
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ineligible individuals, 4 were diagnosed with additional
neuromuscular diseases; 3 were no longer interested in
participating; 2 had ineligible injury patterns; and 1 had
already received upper extremity reconstruction. An
additional individual was excluded as their health data
could not be collected confidentially. The remaining 56
individuals were enrolled, and 42 of these (75%) com-
pleted the knowledge and decisional conflict measure
before and after viewing the PtDA. The median time
each participant used to view the PtDA was 30 min
(IQR = 22.5). Of these 42 enrollees, all but 1 provided
feedback on PtDA acceptability and provided sugges-
tions for improvement.

Participant demographics are described in Table 1.
Most were male (79%) with a mean age of 54.2 y. Most
participants had their spinal cord injury many years ago
(mean of 21.8 y). Most identified as non-Hispanic White
(67%); 14% identified as Black. Most participants
received care through the VA Healthcare system; few
had received care through a Spinal Cord Injury Model
System center.

Improved Knowledge and Decreased
Decisional Conflict

Before viewing the PtDA, participants exhibited a med-
ian knowledge score of 60% (IQR = 30). After viewing
the PtDA, the median knowledge score increased to 80%

(IQR = 20, P \ 0.001; Figure 2A). Participants exhib-
ited a median decisional conflict score of 2 (IQR = 2.5)
before viewing the PtDA and 4 (IQR = 1) after viewing
it. The percentage of participants experiencing decisional

Completed screening questionnaire
N = 170

Eligible to participate
N = 80

Ineligible
N = 90

Contacted via telephone
N = 67

Could not be contacted
N = 13

Successfully enrolled
N = 56

Ineligible
N = 11

Completed knowledge and
decisional conflict tests

N = 42

Provided feedback on DA
N = 41

Figure 1 Study enrollment and participation.

Table 1 Participant Demographics (N = 42)

Age, mean, y (s) 54.2 (12.7)
Male, n (%) 33 (79)
Years since SCI (median, IQR) 19.5 (27.25)
Race, n (%)
White 28 (67)
African American or Black 6 (14)
Native American, Eskimo, Aleutian 2 (5)
Asian or Pacific Islander 2 (5)
Other 3 (7)

Ethnicity, n (%)
Hispanic or Latino 3 (7)
Non-Hispanic 35 (83)
Unknown 4 (10)

Geographic distribution, n (%)a

Midwest 14 (33)
Northeast 2 (5)
South 10 (24)
West 15 (36)

Veteran, n (%) 27 (64)
Received health care from VA since SCI, n (%) 26 (62)
Received health care from model SCI center, n (%) 7 (17)
Cause of SCI, n (%)
Sports or leisure activities 10 (24)
Assault 3 (7)
Transportation 16 (38)
Fall 5 (12)
Other traumatic cause 6 (14)
Other nontraumatic cause 2 (5)

Frequency that the subject has someone help
them understand when they read instructions,
pamphlets, or other written material from
a doctor or pharmacy, n (%)
Never 24 (57)
Rarely 13 (31)
Sometimes 4 (10)
Often 0 (0.0)
Always 1 (2)

Devices used to review PtDA, n (%)
Smartphone 8 (19.0)
Tablet/iPad 7 (17)
Laptop computer 14 (33)
Desktop computer 17 (40)

Period over which the PtDA was reviewed, n (%)
At one time 34 (81)
At several times during 1 day 2 (5)
Over several days 5 (12)

Reviewed PtDA with relative, friend,
or caregiver, n (%)

1 (2)

IQR, interquartile range; PtDA, patient decision aid; SCI, spinal cord

injury; VA, s, standard deviation; Veterans Affairs y, year.
aStates grouped according to the 4 defined US Census Bureau

geographic regions (https://www.census.gov/).
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conflict (score \4) decreased after viewing the PtDA
(33/42, 79% v. 18/42, 43%, P = 0.001; Figure 2B).
Viewing the PtDA improved median knowledge scores
in both White (20%, P \ 0.001, n = 28) and non-
White participants (20%, P = 0.011, n = 14) as well as
in male (20%, P \ 0.001, n = 33) and female partici-
pants (40%, P = 0.008, n = 9). The percentage of indi-
viduals experiencing decisional conflict decreased in
White (22/28, 79% v. 12/28, 43%, P = 0.013) and male
(25/33, 76% v. 12/33, 36%, P = 0.003) participants.
The percentage of non-White (11/14, 79% v. 6/14, 43%,
P = 0.1201) and female participants (8/9, 89% v. 6/9,
67%, P = 0.58) experiencing decisional conflict trended
downward after viewing the PtDA; however, these
changes were not statistically significant.

High Acceptability

Overall, participants found the PtDA useful (Table 2).
They felt the PtDA was an appropriate length (36/42,
86%), provided enough information without being over-
whelming (29/42, 69%), and gave a balanced perspective
that did not favor either tendon or nerve transfer surgery
(37/42, 91%). Participants largely felt the PtDA would
be helpful when considering surgery to improve upper
extremity function in spinal cord injury (37/42 responded
that it would be helpful, 91%).

Suggestions for Improvement

Forty participants provided suggestions for improve-
ment through free response questions within the survey
and at the end-study follow-up phone call (Table 3).
Participants wanted the PtDA to contain more informa-
tion on the available nerve and tendon transfer surgeries,
outcomes, advantages and disadvantages to surgery and
links to additional resources. Seven (17%) study partici-
pants reported interest in learning more about upper
extremity reconstruction from a health provider. One
study participant reported scheduling an appointment
with a hand surgeon after study participation and had
upcoming plans for a tendon transfer surgery.

Discussion

This newly developed Internet-based, mobile device–
accessible PtDA improved knowledge and decreased
decisional conflict in a heterogeneous and diverse popu-
lation of individuals with cervical spinal cord injury.
Although regaining upper extremity function is a priority
for these individuals,4,34,57,58 there is a paucity of infor-
mation describing these treatment options on the inter-
net.5,30,31,34 People with spinal cord injury use the
Internet but also rely on getting information from their
trusted healthcare providers—physical medicine and
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rehabilitation, spinal cord injury specialists, and occupa-
tional and physical therapists, among others.29 These non-
surgeon clinicians often lack access to information and

Table 3 Free Response Feedback on the PtDA

Responses (n)

Overall
Liked the PtDA 11
Informative 9
Easy to understand 4
Too much information 2
Too long 2
Wished the PtDA was been publicly
available

2

Interested in discussing UE reconstruction
with physician

7

Scheduled UE surgery after reading PtDA 1
Visual aids
Illustrations are useful for individuals with
recent SCI

1

Would like more descriptive illustrations 2
Recommend adding descriptive videos (e.g.,
patient outcomes, surgeries)

2

Web site usability
Site easy to navigate 3
Well-organized 2
Disliked clicking through Web site 1
Difficult to view on the phone 1
Present nerve and tendon transfer
separately

2

Add color to the Web site 1
Quotes
Did not match nearby content 1
Difficult to understand 1
Links not properly functioning 2
Include context for quotes (e.g., age, level
of SCI)

1

Additional information requested
Include more information on surgical
outcomes

4

Clearly describe the advantages and
disadvantages of each surgery

2

Provide more detailed questions that might
be asked to a patient’s doctor

2

Add links to outside resources 3
Include information on lifestyle
modifications (diet, exercise)

1

Provide information on occupational
therapy

1

Give examples of nerve and tendon transfer
surgeries

1

Provide more information on timing of
surgeries and impacts on outcomes

1

Opinions of the PtDA title
Liked the title (n = 12)

Title was straightforward, direct 1
Disliked the title (n = 11)

Disliked the use of ‘‘Tetra’’ 5
Felt the title was not simple enough 2
Wanted title to be less clinical 2

PtDA, patient decision aid; SCI, spinal cord injury; UE, upper

extremity.

Table 2 PtDA Acceptability

Overall Feedback
a

Responses, n (%)

Length of the PtDA
Just right 36 (86)
Too short 3 (7)
Too long 2 (5)

Quantity of information in PtDA
Just right 29 (69)
Too little 8 (19)
Too much 4 (10)

PtDA provided enough information to help
with decision making
Agree 31 (74)
Disagree 10 (24)

PtDA bias
Balanced 38 (91)
Leaning toward tendon transfer 1 (2)
Leaning toward nerve transfer 2 (5)

Utility for making decisions related to
nerve or tendon transfer
Helpful 38 (91)
Unhelpful 1 (2)
Unsure 2 (5)

Median time viewing the PtDA,
min (n = 41, IQR)

30 (23)

Content feedback
Quotes from individuals with SCI
and caregivers
Helpful 17 (41)
Unhelpful 4 (10)
Unsure 8 (19)
Not seen 13 (31)

Suggested questions to ask your surgeon
Positive 35 (83)
Negative 2 (5)
Not seen 5 (12)

Most liked PtDA content (selected all
that applied)
Overall text/information 32 (76)
Illustrations 15 (36)
Tables of information 20 (48)
Site navigation 9 (21)
Other 0 (0)

Least liked PtDA content (selected all
that applied)
Overall text/information 4 (10)
Illustrations 12 (29)
Tables of information 4 (10)
Site navigation 5 (12)
Other 15 (36)

IQR, interquartile range; PtDA, patient decision aid; SCI, spinal cord injury.
aOne participant did not complete all feedback questions.
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knowledge about these treatment options and may
have biases against some or all of these surgical
treatments.33,58,59

A recent United States study found that only 8% of
eligible individuals underwent this restorative surgery.35

Information dissemination is a critical component of
improving access to care; our PtDA successfully
improved participant knowledge by 20%. This is similar
to results seen in the use of PtDAs for making informed
choices about other elective reconstructive procedures.
For example, a randomized controlled trial observed
that individuals receiving breast reconstruction answered
84.6% of questions correctly on their 11-question knowl-
edge survey after viewing a PtDA; those who did not
answered 58.2% of questions correctly, comparable to
the observations reported in this study.60 Our PtDA also
substantially improved decisional conflict, which is
encouraging; however, this needs further testing in the
clinical setting.

People living with spinal cord injury want information
about surgical and nonsurgical treatment options to gain
upper extremity function, and they want the information
early after injury and often. With modification, this
newly developed PtDA could be adapted to fill the infor-
mation void around upper extremity function in cervical
spinal cord injury.30,31

Prior to use in routine care, however, study partici-
pants suggested modifications to the existing PtDA. To
be a more useful informational tool, the PtDA could
contain additional information about outcomes, surgery
types, and timing of surgery. Respondents had mixed
opinions on the title of the PtDA, indicating that it could
be changed to improve clarity. Iterative testing and mod-
ification is an important component of PtDA develop-
ment. The suggested modifications will assist in the
creation of a more effective clinical tool.

While this study presents promising results, it has lim-
itations. Study participants were recruited with the assis-
tance of several national and regional organizations
serving the spinal cord injury population. However, our
study population may not reflect the US spinal cord
injury population at large, which may limit generalizabil-
ity. Our study group was 79% male and 67% White,
consistent with the demographics of new spinal cord
injury cases in the United States since 2015.61 However,
our participants were older and may have different injury
causes than that of an ideal surgical candidate. Sub-
group analysis among non-White and female participants
showed an improvement in knowledge but no change in
decisional conflict before and after viewing the PtDA;

this deserves future investigation. The knowledge survey
has not been previously validated, may be biased toward
assessing knowledge of surgery, and should be refined
before future research study use. For example, questions
about nonsurgical treatments and outcomes could be
added. Furthermore, while our results indicate the PtDA
could be useful for providing information and reducing
decisional conflict, it is not yet clear if access to this tool
will lead to substantive changes in clinical practice or
clinical outcomes.

Our future work will focus on how best to deliver the
PtDA. There are barriers to PtDA implementation
within the community. Surgeons who perform these pro-
cedures seldom see people with spinal cord injury in a
timely fashion. Partnership with nonsurgeon providers,
finding opportunities to distribute information and tar-
geted creative methods (such as use of telehealth), should
be considered to improve access and care in this
population.

Conclusions

This PtDA may improve knowledge of treatment options
and reduce decisional conflict about upper extremity
reconstructive surgery for people living with cervical
spinal cord injury. The findings of this study may be gen-
eralizable to improving information dissemination about
surgical treatment in other medically and psychosocially
complex populations with limited access to specialty
care.
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