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care
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Abstract

Introduction: Upper limb research is currently lacking detailed clinical guidance on the provision of unilateral transradial
prostheses. Clinical practice guidelines are meant to serve as assistance for the decision-making process, and Delphi surveys
have been used with increasing frequency within orthotics and prosthetics to create these guidelines for clinical practice.

Methods: A three round Delphi survey was used to gain consensus on clinical statements regarding unilateral transradial
prostheses.

Results: We achieved consensus (> 80% agreement) on a total of 40 statements by surveying 22 experts on upper limb
prosthetics over three rounds of surveys. Response rate ranged from 81.8–86.4% with a total of 55 total statements under
consideration throughout the duration of the survey. The 40 passing statements were arranged into nine guidelines for
provision of prosthetic care in this population.

Conclusions: The Delphi technique allowed for the creation of a set of clinical practice guidelines for the unilateral
transradial patient in the absence of conclusive empirical evidence.

Keywords
upper limb prosthetics, prosthetic control, amputation, amputees, tasks

Date received: 30 June 2021; accepted: 22 November 2021

Introduction

Of the estimated 2.2 million Americans projected to be living
with amputation in 2020, approximately 16% have had an
amputation of the upper extremity.1 For patients with a major
amputation (at the wrist or above), this amounted to a pro-
jected 41,000 people in the United States, as of 2005.1

Though there are limited studies on the effectiveness of
upper limb prostheses, the rate of published research in this
area lags markedly behind that of lower limb prostheses.2 To
the extent that such efforts have been published, the existing
body of research does not yet present strong, detailed clinical
guidance for the practicing clinician.2,3 For example, while a

recent literature review by Carey et al. suggested eleven
empirical evidence statements supported by 31 reviewed
papers, these were generally supported by low levels of
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evidence and failed to define many clear indications,
contraindications, and clinical considerations associated with
broad classes of prosthesis (e.g., external vs body power, hand
vs hook), concluding simply that “prosthetic selection should
be based on a patient’s individual needs and include personal
preferences, prosthetic experience, and functional needs.”2 A
second example is seen in the 27 recommendations that
comprise the VA/DoD Clinical Practice Guideline for the
Management of Upper Extremity Amputation Rehabilitation,
of which only one is empirically based, with the remaining 26
statements supported by expert opinion.4

Because of the lack of published evidence on the ef-
fectiveness of one type of upper limb prosthesis over an-
other and the relative absence of clear indications for use of
certain upper limb prosthetic components, clinical decision-
making has been largely left up to the discretion of the
treating prosthetist. However, the number of prosthetists
who have a high level of experience treating the upper limb
amputee is small relative to those treating lower limb pa-
tients.5 Notably, a recent State of the Science Conference on
design options for upper limb prostheses concluded that
those rehabilitation professionals, including physicians,
therapists, and prosthetists, who have amassed considerable
experience in working with this patient population should
be recognized as the most informed source of currently
available evidence.3,6

In recent years, the field has begun to develop and
publish clinical practice guidelines (CPGs) across a range of
care episodes including evidence-based guidelines of am-
putation and prosthetics of the lower extremity,7,8 postop-
erative care following transtibial amputation,9 prosthetic
foot selection for individuals with lower limb amputation,10

transtibial socket design,11 and prosthetic knee selection for
individuals with transfemoral amputation.12, 13 The scope
and depth of these CPGs has been variable, with direct im-
plications on their resultant clinical relevance and ultimate
incorporation into practice.

When objective data from clinical trials for a given epi-
sode of care or intervention is limited, the highest available
level of evidence for the creation of CPGs is through a
collaborative consensus process conducted among subject
matter experts.14, 15 Clinical practice guidelines created through
consensus process are likely to become more and more
prevalent within orthotics and prosthetics as additional rec-
ommendations are sought out by the field.

One of the most common ways to reach consensus within
allied health is through the Delphi process.16, 17 The Delphi
consensus model utilizes a group of experts in a specific
field anonymously completing multiple rounds of surveys to
evaluate the accuracy of clinical postulates. The aim of this
process is to establish consensus among the expert partic-
ipants by eventually coming to agreement on the statements
that are most clinically appropriate.14, 16, 17 After each
round, the surveys are reviewed for comments and feedback

on the individual statements by a group of moderators.14, 16, 17

Each subsequent round of surveys includes new or re-
stated postulates which move the process forward toward
consensus.

Delphi consensus techniques have already been used to
generate many prosthetic and orthotic clinical practice
guidelines on a variety of topics including prescription of
lower limb prostheses,18, 19 prescription of microprocessor-
controlled prosthetic knees,12 orthotic management of children
with spastic diplegic cerebral palsy,20 orthotic management of
plagiocephaly,21 and factors influencing transtibial prosthesis
fit.22 The use of Delphi consensus techniques in prosthetic
and orthotic rehabilitation was recently summarized in a
systematic literature review culminating in a number of
recommendations of best practices within this develop-
ment process.14

The purpose of this publication is to report upon the use
of a Delphi consensus effort to establish CPGs for prosthetic
design and terminal device options for individuals with
unilateral transradial amputation or limb deficiency. This
patient population was chosen due to the relative volume of
patients with this level of amputation and the ability to de-
velop straightforward guidelines that would be immediately
applicable to patient care. The target audience for this
guideline includes prosthetists, surgeons, physicians, thera-
pists, case managers, and policy makers. The target patient
population comprises individuals with unilateral transradial
amputation or limb deficiency.

Methods

All activities in this study were performed by project di-
rectors from a national provider of upper limb prostheses in
close coordination with a group of subject matter experts
(SME) in the field of upper limb prosthetics. Initial item
generation was completed in a face-to-face focus group of
experienced upper limb clinicians following a review of
available evidence facilitated by two recent systematic re-
views in this area.2,23 The focus of these postulates was on
the indications, contraindications, and considerations as-
sociated with prosthesis type (e.g., body powered vs ex-
ternally powered) and terminal device type (e.g., hand vs
hook vs activity specific device) with regard to individuals
with unilateral transradial amputations.

Once established, these postulates were entered into a
secured, web-based survey platform and sent to a larger re-
view panel of 20 certified prosthetists (CPs) and two occu-
pational therapists (OTs.). Inclusion within this panel required
that the clinical prosthetists provided an average of greater
than 50 upper limb prostheses per year for the last 3 years, and
the participating occupational therapists treated at least 50
upper limb patients per year. The clinicians were asked to
consider the 40 postulates and rate each statement on a five-
point Likert scale (strongly agree, agree, neither agree nor
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disagree, disagree, and strongly disagree.) In addition, for each
statement, therewas an opportunity for the respondent to provide
comments. This was specifically requested if they marked
“disagree” or “strongly disagree” to any postulate to explain their
position. Consistent with Delphi processes, the surveys were
completed anonymously using an online survey platform.

Results from first round of Delphi surveys were collected
and reviewed. The consensus threshold of 80% agreement
was established for inclusion within the practice guidelines.
Those postulates that did not score 80% or greater were
reviewed for responder comments and revised in an effort to
gain consensus during a second stage of Delphi surveys. In
some instances, this required separating a single postulate
into two or more distinct postulates to better isolate areas of
consensus and areas of concern. This smaller subset of
postulates was sent to the same panel of CPs and OTs and
responses were collected and analyzed. Those postulates
from the second round of surveys that exceeded the 80%
consensus threshold were added to the guideline. Those that
failed to reach this standard were reviewed and revised for a
final round of Delphi surveys. A third round of the surveys
was sent out to finish the process of gaining consensus on
the postulates with those statements exceeding 80% con-
sensus added to the guidelines, and those falling short of that
standard being discarded from further consideration.

Results

The initial SME panel was comprised of eight prosthetists
with expertise in upper limb prosthetics. The larger group of
20 CPs and two OTs represented a diverse geographic area
and had an average of 21 years of experience in the
treatment of patients with upper limb amputation or limb
deficiency. Each prosthetist surveyed was responsible for
the care of at least 85 new upper limb cases per year. The
occupational therapists surveyed treat at least 75 patients
annually and educate hundreds of occupational therapists
through direct mentorships and courses throughout the year.

The SME panel originally generated 40 postulates for use
during round one of the Delphi survey. These were grouped
into larger categories describing general considerations of
prosthesis provision (n = 4), body powered device consid-
erations, (n = 11) externally powered device considerations,
(n = 11) oppositional device considerations, (n = 5) and other
considerations for device type and design (n = 9.)

Following round 1, 31 of the 40 postulates reached 80%
consensus (77.5%) with a response rate of 19/22 respon-
dents (86.4%) The statements that reached consensus av-
eraged 95.8% agreement. The postulates that failed had an
average score of 72.5%. Of the nine statements that did not
reach consensus, two were removed completely from fur-
ther consideration based on comments from the experts. The
remaining seven items were edited for clarity. Three pos-
tulates that reached consensus in round one were revised to

reflect a small wording change requested by several of the
expert panelists. An additional four postulates were added
by the survey moderators after considering the comments
collected during stage 1, for a total of 14.

Round two of the survey was completed by 18 out of the
22 specialists surveyed (81.8%) and 11/14 surpassed the
80% consensus benchmark (78.6%.) The statements that
reached consensus scored an average agreeance of 94.4%.
The statements that did not reach consensus scored an
average agreeance of 75.9%. The moderators reviewed the
postulates that did not reach consensus along with the
aggregated feedback from the survey participants, removed
two of them, and revised the remaining postulate.

The third, and final, Delphi survey had just one statement.
Nineteen out of 22 specialists responded (86.4%) and the single
statement passed consensus with a score of 100%. (Figure 1.)

After all three rounds were completed, the statements
were grouped according to subject to allow a clinical
practice guideline to be written based on the consensus of
the group. The 40 individual postulates were combined into
nine guidelines that cover a variety of considerations for the
unilateral transradial patient. (Appendix A)

Discussion

The aim of this effort was to establish clinical practice
guidelines for the development of prosthetic treatment plans
for individuals with unilateral transradial amputation or
limb deficiency and thereby advance both clinical practice
and the body of scientific research in this area. By reviewing
the available literature, developing clinical postulates within
a small focus group of SMEs and establishing consensus
among a broader cohort of expert respondents, we utilized a
Delphi process to develop a set of statements that were
clinically pertinent in today’s prosthetic practice. We
grouped this set of statements into nine clinical practice
guidelines for the unilateral transradial patient that cover:
when a unilateral transradial prosthesis is appropriate,
clinical indications for a body powered transradial pros-
thesis, clinical indications for an externally powered
prosthesis, clinical indications for an oppositional pros-
thesis, clinical indications for an activity specific prosthesis,
selection of terminal device type, determination of volun-
tary opening vs. voluntary closing control strategies, heavy
duty prosthesis use, and indications for use of multiple
prostheses by the same patient. The entirety of the CPG is
available in Appendix A.

Although a degree of subjectivity is innate to Delphi
consensus efforts, our standards were consistent with those
used in prior Delphi consensus efforts within the field.14

Modified Delphi processes have suggested that literature
reviews be incorporated into the initial development of
clinical postulates. Our item generation began with an open
discussion of the systematic review of Carey et al., published
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in 2015 and updated in 2017.2, 23 Recognizing the scarcity of
actionable recommendations from this review, our panel set
out to definemore clinically relevant considerations related to
the determination of device type and control.

The selection of the expert panel has been described
as the most important step in the entire process because
it directly relates to the quality of the results gener-
ated.24 Expert qualification criteria are unique to every
Delphi study. The American Board for Certification
recently reported that the average certified prosthetist
spent 10% of their clinical time in the performance of
upper limb prosthetic rehabilitation.25 By contrast, the
clinicians that made up our expert panel have largely

confined their clinical practice to upper limb prosthetic
rehabilitation as evidenced by their reported annual
caseloads.

The sample size of the expert panel is another area of
variability within Delphi efforts. Although a panel that is too
small may fail to represent the entire target population,
larger samples may lead to lower response rates and may
have little impact on the ultimate reliability and validity of
the end results.14, 26 Sample sizes of approximately 20
individuals have been suggested as reliable27 and samples
of 10–30 individuals have been predominant in Delphi
efforts performed within the field.14 Our panel of 22 initial
participants was reflective of these observations. Falbo et al.

Figure 1. Results of the Delphi process
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recommended a response rate in excess of 70% to ensure
broad consensus throughout the Delphi process.14 Our re-
sponse rates exceeded this standard through all three rounds
of survey administration.

An additional consideration in recruiting expert survey
respondents is their relative heterogeneity. Although argu-
ments for heterogeneous panels have been made, Baker et al.
suggested that the conclusions of such diverse panels may be
confined to more trivial, less relevant points as these are the
only areaswhen consensus can be reached.27 In contrast, more
homogenous panels allow researchers to use specific criteria
for participation and the identification of true experts in the
targeted decisions.27 In consideration of these principles, we
elected to use a fairly homogenous panel of high-volume
prosthetists and occupational therapists focusing on upper
limb prosthetic rehabilitation. Precedent for such homogeneity
in orthotic and prosthetic Delphi efforts is well established.14

Consistent with the broad trends observed by Falbo et al.,
we encouraged comments from survey participants, espe-
cially dissenting comments, to allow us to clarify and refine
postulates to achieve consensus acceptance.14 There is no
consistent clear standard for consensus within the Delphi
approach.14 The most commonly employed method in or-
thotic and prosthetic applications has been to simply define
a percentage of agreement, with Delphi surveys endemic to
the field ranging from 67% to 80% consensus.14 To ensure
the relative reliability of the accepted statements, we utilized
a very high consensus standard of 80%.

Falbo et al. suggest that two to three rounds of Delphi
surveys may be ideal and reported three rounds to be the
most commonly utilized.14 Though, not determined a priori,
our process also required three rounds to adequately es-
tablish areas of broad consensus.

Following rounds one and two of the surveys, the mod-
erators reviewed the statements that did not reach consensus
and attempted to revise or re-state them in the following round
to gain approval from the experts. However, four total
statements were removed during the process without being
sent on to the next round. The first two statements that were
removed following round 1 both had to do with funding for a
prosthesis. Although funding must be considered for each
patient, the expert panel was adamant that funding limitations
should not be viewed as equivalent to clinically based con-
siderations and indicators. The two postulates that were re-
moved after round two were statements that had already been
revised after round one and were still not supported by the
expert panel. The moderators did not feel that rewriting these
concepts again for a third round would improve the agreement
on these topics to be able to reach consensus.

There are a number of limitations associated with this
effort. Although some have advocated for the participation
of end-users in the development of CPGs, it is unclear
whether their input adds validity to the study.27, 28 In this
effort, our concern was that the biases a limited number of

end-users may associate with their personal prosthetic design
and components, and their likely lack of awareness and
experience with the range of prosthetic alternatives, might
serve to undermine the level of detail sought out in these
guidelines. Notably, the majority of Delphi efforts in the field
have also excluded end-users.14 However, in deference to the
critical importance of patient-focused care, we recognize
thoughtful end-user perspectives available in recent publi-
cation,29 and observe that a number of our final postulates
stressed the importance of patient education and engagement
throughout the development of a treatment plan.

Each statement generated and reaching consensus through
the Delphi process provides opportunity for further clinical
research. The field of upper limb prosthetics has been studied
with increasing frequency recently, but there remain many
areas that require further examination to allow a conclusive
body of evidence for clinical practice. Using similar con-
sensus techniques, it is probable that clinical practice
guidelines will be developed for other upper limb levels that
may have even less empirical evidence and smaller pop-
ulation numbers, such as patients with bilateral upper limb
loss or patients with more proximal amputation levels.

Conclusion

The Delphi process allowed for clinical practice guidelines
to be generated for the unilateral transradial amputee in the
absence of strong evidence from existing clinical research
and literature reviews. By surveying a small group of
experts, the process moved quickly and efficiently from
item generation through three rounds of surveys to es-
tablish a strong set of guidelines for the practicing pros-
thetist. Many prosthetists do not have enough expertise in
the area of upper limb prosthetics to allow a high level of
confidence in treating this patient population independently.
However, with the addition of clinical practice guidelines
presented here, the decision-making process can be
streamlined, while still allowing for individual judgment of
the clinician and for the opinion of the patient in determining
their care.
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Appendix A

1) For patients with a unilateral transradial limb
deficiency or amputation, a prosthesis should be
considered when:

a. The person is unable to accomplish self-care activ-
ities or ADLs independently, or

b. The person has functional, vocational, or avocational
needs that cannot be met without a prosthesis, or

c. The person’s psychosocial acceptance of their
amputation/limb deficiency would be improved by
the use of a prosthesis, or

d. The person is at risk of overuse syndrome on the
sound side.

2) For patients with a unilateral transradial
prosthesis, a body powered prosthesis should be
considered when:

a. The restriction, associated pressures, and donning and
doffing requirements of a control harness are fully
understood and will be tolerated by the patient, and

b. The patient possesses adequate soft tissue coverage
and integrity, or can be managed with appropriate
interface materials or socket design, to allow cyclical
loading of the limb within the prosthesis caused by
cable activation of the terminal device, and

c. The patient possesses adequate strength and range of
motion to generate the necessary cable force and
excursion to actuate their terminal device, and

d. The patient fully accepts and understands that ac-
tivities requiring dynamic prehension will be pre-
dominantly performed with a hook, rather than a
hand, and

e. The patient possesses adequate soft tissue coverage
and integrity over those body segments underlying
the necessary harness.

3) For patients with a unilateral transradial
prosthesis, an externally powered prosthesis should
be considered when:

a. The patient possesses adequate control input to
control external power (through EMG, FSR, elec-
tronic switch, or linear transducer), and

b. The noise, weight, and charging requirements as-
sociated with an externally powered device are fully
understood and accepted by the patient, and at least
one of the following:

c. The patient lacks the strength or range of motion
required to generate the necessary cable force or
excursion for a body powered prosthesis, or

d. The patient’s functional work envelope cannot be
confined primarily to the area immediately in front of
them, or

e. The patient does not possess adequate soft tissue
coverage and integrity, or cannot be managed with
appropriate interface materials or socket design, to
allow cyclical loading of the limb within the pros-
thesis caused by cable activation of a body powered
terminal device during active use, or

f. The need for sustained high grip strength through
movement is anticipated, or

g. There is a compromise to gross body movements of
the shoulders or back and/or an existing neurological
compromise to the sound side upper limb (such as
pain, numbness, or tingling), or

h. The patient has been previously fit with either an
oppositional or body powered prosthesis and could
not integrate it fully into their desired ADLs or
vocational responsibilities, either because of me-
chanical constraints or psychosocial rejection.

4) For patients with a unilateral transradial
prosthesis, an oppositional silicone restoration
prosthesis should be considered when:

a. The user’s primary priority for their prosthesis is an
aesthetic restoration of their forearm and hand, and

b. The absence of active prehension is fully understood
and accepted by the patient, and

c. The cosmetic limitations of an oppositional pros-
thesis are fully appreciated by the patient.

5) Terminal Device Selection:

a. Hook-type terminal devices: For patients with a
unilateral transradial prosthesis, a hook-type termi-
nal device should be considered when:
i. Enhanced visibility and fine motor dexterity

during object manipulation are desired, or
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ii. The user of a body powered prosthesis requires a
durable terminal device.

b. Hand-type terminal devices: For patients with a
unilateral transradial prosthesis, a hand-type terminal
device should be considered when:
i. The psychosocial acceptance of a hand-like

appearance is indicated for the patient, and
ii. The cosmetic limitations of a hand-type terminal

device are fully understood by the patient, and
iii. The fine motor dexterity limitations of a hand-

type terminal device are fully understood by the
patient.

6) VO/VC body powered control strategies:

a. A voluntary opening body powered terminal device
should be considered when the relationship be-
tween available grip strength and the strain expe-
rienced through the harness during the operation of
the terminal device is fully understood and accepted
by the patient.

b. A voluntary opening body powered terminal device
should be considered when the patient presents with
adequate strength to overcome the mechanical re-
sistance mandated by the necessary grip strength.

c. A voluntary closing body powered terminal device
should be considered when the potential energy
expenditure and cognitive load associated with
sustaining grip strength through ROM are fully
understood and accepted by the patient.

7) For users of a unilateral transradial prosthesis,
an appropriately designed body powered
prosthesis or an appropriately designed externally
powered prosthesis may be considered when
exposure to moisture, debris, or heavy duty use
is anticipated.

8) For users of a unilateral transradial prosthesis, an
activity specific prosthesis should be considered
when the user’s needs during a given activity exceed
the capabilities of alternate prosthetic designs and/or
terminal devices.

9) For users of a unilateral transradial prosthesis,
multiple prostheses or terminal devices may be
indicated when the user’s needs exceed the capabilities
of a single prosthesis type or terminal device.
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