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Abstract Objective: To understand how perceived function relates to actual function at a
specific stage in the rehabilitation process for the population using upper limb prostheses.
Design: Quantitative clinical descriptive study.
Setting: Clinical offices.
Participants: A sample of 61 participants (N=61; mean age, 43.0§12.8y; 51 male/10 female)
with upper limb amputation who use a prosthetic device and were in the definitive stage of a
prosthesis fitting process.
Interventions: Not applicable.
Main Outcome Measures: A patient-reported outcome measure, the Disabilities of the Arm,
Shoulder, and Hand questionnaire (DASH), and 2 performance-based outcome measures, Box and
Blocks Test (BBT) and Capacity Assessment of Prosthesis Performance for the Upper Limb (CAPP-
FUL), were used as variables in multiple linear regression models.
Results: The multiple linear regression models, which controlled for prosthesis type and amputa-
tion level, did not show evidence that changes in the independent variable (DASH) are signifi-
cantly associated with changes in the dependent variables (log(BBT) (B=�0.007; 95% confidence
KEYWORDS
Amputees;
Outcome assessment,
health care;
Patient reported out-
come measures;
Prosthesis;
Rehabilitation;
Upper extremity
f daily living; BBT, Box and Blocks Test; CAPPFUL, Capacity Assessment of Prosthesis Performance for
he Arm, Shoulder, and Hand questionnaire; PRO, patient-reported outcome.
m the Division of Biomedical Physics in the Office of Science and Engineering Labs within the United
The mention of commercial products, their sources, or their use in connection with material reported
ual or implied endorsement of such products by Department of Health and Human Services. This article
ould not be construed to represent the United States Food and Drug Administration’s views or policies.

in Transl. 2021;3:100148

100148
n behalf of American Congress of Rehabilitation Medicine. This is an open access article under the CC
mons.org/licenses/by-nc-nd/4.0/).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.arrct.2021.100148&domain=pdf
https://doi.org/10.1016/j.arrct.2021.100148
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/
https://doi.org/
http://www.sciencedirect.com/journal/archives-of-rehabilitation-research-and-clinical-translation


2 X. Zhang et al.
interval [CI], �0.015 to 0.001; P=.0937) and CAPPFUL (B=�0.083, 95% CI, �0.374 to 0.208;
P=.5623)). In both models, individuals with elbow, transhumeral (above elbow), and shoulder dis-
articulation showed a significant negative association with the dependent variable (CAPPFUL or
logBBT). In the CAPPFUL model, there was a significant negative association with individuals
using a hybrid prosthesis (B=�20.252; 95% CI, �36.562 to �3.942; P=.0170). In the logBBT model,
there was a significant positive association with individuals using body-powered prostheses
(B=0.430; 95% CI, 0.089-0.771; P=.0157).
Conclusions: Although additional data and analyses are needed to more completely assess the
association between self-reported measures and performance-based measures of functional
abilities, these preliminary results indicate that patient-reported outcomes alone may not pro-
vide a complete assessment of an upper limb prosthesis users’ functional ability and should be
accompanied by population-specific performance-based measures.
Published by Elsevier Inc. on behalf of American Congress of Rehabilitation Medicine. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Individuals with upper limb loss typically use prosthetic
rehabilitation intervention and/or assistive technology to
restore their functional abilities to the greatest extent pos-
sible. To assess efficacy of these approaches in restoring
function, clinicians can use patient-reported outcomes
(PROs) and/or performance-based outcome measures. PROs
are commonly used in many different clinical populations
because they enable patient-centered care through the
evaluation of intervention efficacy as measured from the
patient’s perspective.1 These measures are often relied
upon to support clinical care management and prescriptive
decisions related to patient care. They may also be used as
endpoints in clinical studies to support effectiveness of ther-
apeutic or assistive technology interventions. In the popula-
tion that uses upper limb prostheses, there are few PROs
that query individuals’ abilities to perform specific activities
of daily living (ADL).2

There are many benefits of evaluating perceived func-
tional ability through PROs because they are generally quick
to administer, do not require certified raters or observers,
and provide an indication of an individual’s ability to operate
independently.3 However, PROs reflect a self-report of func-
tional abilities with no direct observation, which could lead
to an inaccurate reflection of an individual’s actual level of
function.4 To address these inherent limitations, perfor-
mance-based outcome measures could be used in conjunc-
tion with PROs. However, there is a gap in our understanding
of how perceived function relates to actual function at spe-
cific stages in the rehabilitation process for this unique pop-
ulation.

This need to understand the relationship between PROs
of function and actual function can be seen for other clinical
populations as well.5-8 Findings reveal implications regarding
the type of outcome measures to use as well as the timing of
administration when assessing changes in function in the
studied clinical populations. Investigations into the associa-
tion between perceived and actual function in the upper
limb prosthesis user population are scarce. Ostlie et al9

examined the association between joint motion, arm
strength, and patient-reported function through a series of
multiple linear regressions and found significant positive
associations between joint motion without a prosthesis on
the amputated side and PRO scores. However, this study did
not assess actual function in terms of ADL. Resnik et al10 also
conducted a study to determine the association between
prosthesis configuration (primary prosthesis and terminal
device type) and PROs of function, but this study did not
incorporate performance-based metrics and focused exclu-
sively on the veteran amputee population.

To address the research gaps for the upper limb prosthesis
user population, the goal of this study is to investigate the
association between a commonly used PRO of perceived
function and actual functional abilities as measured through
administration of standardized performance measures based
on ADL that incorporate multiple planes of movement and
grips. Using PRO and performance-based outcome measure
data from the population of interest, multiple linear regres-
sion models were developed that controlled for relevant
independent variables that may have an effect on the per-
ceived function. Addressing this knowledge gap would
improve interpretation of outcome measure results and
inform the best types of measures to use for assessing a
patient’s functional progress or effectiveness of a prosthe-
sis. By defining the most appropriate outcome measures to
use during patient assessments, care can be streamlined
such that patient/clinician burden is reduced and more uni-
versal methods for evaluating patient progress are adopted
by the field. Results from this preliminary analysis can also
provide insight into the advantages and limitations of PROs
and performance-based outcome measures at a specific
stage in the rehabilitation process.
Methods

Participants

A representative sample of 61 individuals with upper limb loss
participated in this study (mean age, 43.0§12.8y; 51 male/10
female). The study was approved by the Western Institutional
Review Board and conforms to the Declaration of Helsinki.
Research began in July 2018 and concluded in March 2019. For
the data analyzed in this study, participants had to meet the
following inclusion criteria: have an upper limb amputation at
any level, be at the definitive stage of the prosthesis fitting
process, have any type of prosthesis (passive, body-powered,
electric, hybrid, activity specific), present with any type of
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Table 1 Independent Variables

Characteristics Total Sample N=61

Sex, n (%)
Male 51 83.61
Female 10 16.39

Age (y), mean § SD 42.98§12.80
Amputation level, n (%)
Digit(s)/finger(s) 9 14.75
Partial hand 14 22.95
Wrist disarticulation 8 13.11
Transradial (below elbow) 15 24.59
Elbow disarticulation 8 13.11
Transhumeral (above elbow) 4 6.56
Shoulder disarticulation 3 4.92

Prosthesis, n (%)
Body-powered 17 27.87
Electric 26 42.62
Hybrid 4 6.56
Passive 11 18.03
Passive positionable 3 4.92
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amputation/limb loss (disease, trauma, congenital), be able to
understand study directions and content, and be between the
ages of 18 and 95. The definitive stage of prosthesis fitting is
the point at which the materials and design of the prosthesis
are finalized. All participants provided informed consent prior
to participation. Independent variables of amputation level,
prosthesis type, age, and sex are reported for all included par-
ticipants (table 1).
Data collection

To assess the relationship between perceived and actual func-
tion, participants completed a PRO measure, the Disabilities of
the Arm, Shoulder, and Hand questionnaire (DASH)2,11,12 and 1
or both of 2 performance-based outcomemeasures: the Capac-
ity Assessment of Prosthesis Performance for the Upper Limb
(CAPPFUL)13 and the Box and Blocks Test (BBT).14,15

The first 30 questions of the DASH were used to calculate
a single disability/symptom score based on instructions
within the survey. Most questions asked participants to rate
their ability to perform a number of activities within the last
week using a scale from 1 (no difficulty) to 5 (unable to com-
plete). A few of the DASH questions inquire about the extent
to which the participant’s arm, shoulder, or hand problem
interfered with social and work activities; the severity of
pain/weakness in the arm; and confidence, which were also
included in the final scoring to be consistent with the recom-
mended scoring approach for the DASH. The DASH has been
extensively used in the upper limb prosthesis user
population2,9,10,12,16 and validated in the partial hand/finger
amputee population.17

The CAPPFUL consists of 11 tasks representative of ADL,
with each scored on multiple domains: prosthesis control
skills, component utilization, adaptive compensatory move-
ment, maladaptive compensatory movement, and task com-
pletion. The CAPPFUL has been previously validated in the
upper limb prosthesis user population.13 It provides a single
percentage score indicating return of function compared
with a sound upper limb as well as percentage scores in the
domains noted above.

Participants were also asked to perform 3 trials of the
BBT. The rounded average of the 3 BBT trials were used as
the final score for this measure. The BBT has also been vali-
dated for use in the upper limb prosthesis user population.14

The patient-reported and performance-based measures
were collected at the same time point in their care for each
participant (ie, definitive stage of prosthesis fitting).
Data analysis

Data were analyzed using SAS v9.4.a Descriptive analysis sta-
tistics for independent variables included in the models
were generated. These items included amputation level and
primary prosthesis type because the authors’ expert opin-
ions indicated that these factors would be most influential
in evaluation of function. Age and sex were also included as
independent variables. The occurrence of possible multicol-
linearity between all independent variables was assessed
using the Pearson correlation coefficient. We also examined
the variance inflation factor and tolerance for each of the
CAPPFUL and logBBT models.18,19 No high correlation coeffi-
cients between independent variables were observed; a
moderate correlation between amputation level and pros-
thesis type was observed (r=0.59). The minimum tolerance
and maximum variance inflation factor for the CAPPFUL
model were 0.30 and 3.34, respectively. The minimum toler-
ance and maximum variance inflation factor for the logBBT
model were 0.23 and 4.17, respectively. These values indi-
cate that there is no multicollinearity between independent
variables, thus satisfying the assumption of multiple linear
regression analyses. DASH, CAPPFUL, BBT scores, and age
were treated as continuous variables and mean values for
each item were calculated (table 2). To estimate the unad-
justed association between actual function and perceived
function of the selected independent variables, we first con-
ducted simple linear regression analyses. CAPPFUL score or
BBT score, representing the actual function, was respec-
tively treated as the dependent variable in the simple linear
regression analyses. In these analyses, a number of catego-
ries were collapsed within an independent variable to make
the results more interpretable and to account for low sam-
ple size in a given category. Categories within the amputa-
tion level were grouped as follows: amputation level 1
includes digit(s)/fingers and partial hand amputations,
amputation level 2 includes wrist disarticulation and trans-
radial (below elbow), and amputation level 3 includes elbow
disarticulation, transhumeral (above elbow), and shoulder
disarticulation. Categories within prosthesis type were
grouped as follows: type 1 includes electrically powered;
type 2 includes body-powered; type 3 includes hybrid; and
type 4 includes passive and passive positionable. Only varia-
bles significantly associated with change in CAPPFUL or
logBBT scores in the simple regression analyses were used in
the multiple linear regression analysis.

Two separate multiple linear regression analyses were
then conducted to examine the adjusted association
between CAPPFUL or BBT and DASH, amputation level, and
prosthesis type. The same collapsed independent variables



Table 2 Mean, SD, SE, and 95%CI of Continuous Variables

Variable Minimum Maximum Mean SD SE 95% CI n

Age 19.00 67.00 42.98 12.80 1.64 (39.70-46.26) 61
DASH 0.83 65.83 24.33 16.50 2.41 (19.48-29.17) 47
CAPPFULL 42.61 98.86 74.83 14.93 2.20 (70.40-79.27) 46
BBT 9.00 56.00 24.79 12.44 2.02 (20.70-28.88) 38
logBBT 2.20 4.03 3.09 0.51 0.08 (2.92-3.25) 38
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described previously were also used here. To avoid violation
of linear regression assumptions, BBT scores were log trans-
formed and residual analyses were applied.

A total of 61 participants were included in this study, but
not all participants completed every outcome measure. In
the linear regression analyses, participants without com-
plete information for dependent variables and independent
variables were excluded from the models. Details of the
number of participants in the subgroup (n) can be found in
the regression analysis (tables 3-6).
Results

Our sample of unilateral amputees scored similar to previ-
ously reported DASH scores from another sample of upper
limb prosthesis users with a mean DASH score of 24.3§16.5
(95% confidence interval [CI], 19.48-29.17) compared with a
mean DASH score of 22.1 (95% CI, 19.8-24.5).9 Similar out-
comes were seen in our sample of transradial (below elbow)
prosthesis users for the BBT (mean score, 18.9§7.6) com-
pared with a previous report (mean score, 19.9§10).14

These similarities in scores to other samples reported in pre-
vious studies provide confidence that our sample was repre-
sentative of the unilateral amputee population. Results are
presented in the next sections for the CAPPFUL and BBT lin-
ear regression models.

CAPPFUL model

In the simple linear regression analysis with CAPPFUL as the
dependent variable, the significance level a was set to .05.
DASH (B=�0.363; 95% CI, �0.677 to �0.050; P=.0247);
amputation level 2 including wrist disarticulation and trans-
radial (B=�12.154; 95% CI, �19.671 to �4.637; P=.0022);
amputation level 3 including elbow, transhumeral (above
elbow), and shoulder disarticulation (B=�27.068; 95% CI,
�36.398 to �17.738; P<.0001); prosthesis type 2 including
body-powered (B=9.561; 95% CI, 0.619-18.502; P=0.0367);
and prosthesis type 4 including passive and passive position-
able (B=19.441; 95% CI, 9.169-29.712; P=.0004) were signifi-
cantly associated with CAPPFUL (table 3). Because age and
sex were not found to be significantly associated with
change in CAPPFUL score in our sample, and to limit the
inconsistency and instability of results that can be found in
regression analyses with high numbers of predictor variables
and lower sample sizes,20 age and sex were omitted from
the multiple linear regression analysis.

In multiple linear regression analysis, the significance level
a was set to .05. In the multiple linear regression model with
CAPPFUL as the dependent variable and DASH, amputation
level, and prosthesis as the independent variables, amputation
level 3 including elbow, transhumeral (above elbow), and
shoulder disarticulation (B=�22.650; 95% CI, �36.383 to
�8.916; P=.0023) and prosthesis type 3 including hybrid
(B=�20.252; 95% CI,�36.562 to�3.942; P=.0170) were signifi-
cantly associated with CAPPFUL (table 4). The R2 value of the
model was 0.63. Based on the analysis of residuals, regression
assumptions were not violated.
BBT model

In simple linear regression analysis with logBBTas the depen-
dent variable, the significance level a was set to .05. DASH
(B=�0.019; 95% CI, �0.026 to �0.011; P<.0001); amputa-
tion level 2 including wrist disarticulation and transradial
(B=�0.699; 95% CI, �0.958 to �0.440; P<.0001); amputa-
tion level 3 including elbow, transhumeral (above elbow),
and shoulder disarticulation (B=�0.907; 95% CI, �1.240 to
�0.575; P<.0001); prosthesis type 2 including body-powered
(B=0.630; 95% CI, 0.342-0.917; P<.0001); prosthesis type 3
including hybrid (B=0.560; 95% CI, 0.162-0.958; P=.0072);
and prosthesis type 4 including passive and passive position-
able (B=0.943; 95% CI, 0.635-1.252; P<.0001) were signifi-
cantly associated with logBBT (table 5). Because age and sex
were not found to be significantly associated with change in
CAPPFUL score in our sample, and to limit the inconsistency
and instability of results that can be found in regression
analyses with high numbers of predictor variables and lower
sample sizes,20 age and sex were omitted from the multiple
linear regression analysis.

In the multiple linear regression model with logBBTas the
dependent variable and DASH, amputation level, and pros-
thesis as the independent variables, amputation level 3
including elbow, transhumeral (above elbow), and shoulder
disarticulation (B=�0.620; 95% CI, �1.014 to �0.225;
P=.0035) and prosthesis type 2 including body-powered
(B=0.430; 95% CI, 0.089-0.771; P=.0157) were significantly
associated with logBBT score (table 6). The R2 value of the
model was 0.75. As with the previous model, the plot of
jackknife residuals vs predicted values scattered randomly
around zero. Based on this analysis of residuals, regression
assumptions were not violated.
Discussion

The association between perceived and actual function as
measured by ADL was not well established for the upper
limb prosthesis user population in the literature. The goal of



Table 3 Simple Linear Regression Models With CAPPFUL as Dependent Variable

Independent Variable Simple Linear Regression Analysis

n B SE t Value P Value 95% CI

DASH 32 �0.363 0.154 �2.360 .0247 �0.677 �0.050
Age 46 0.028 0.176 0.160 .8759 �0.327 0.382
Sex
Male 39 6.315 6.123 1.030 .3080 �6.026 18.655
Female 7

Amputation*
Level 2 19 �12.154 3.727 �3.260 .0022 �19.671 �4.637
Level 3 9 �27.068 4.626 �5.850 <.0001 �36.398 �17.738
Level 1 18

Prosthesisy

Type 2 14 9.561 4.430 2.160 .0367 0.619 18.502
Type 3 4 �8.957 6.920 �1.290 .2026 �22.922 5.008
Type 4 9 19.441 5.090 3.820 .0004 9.169 29.712
Type 1 19
* Amputation level 1 includes digit(s)/fingers and partial hand; amputation level 2 includes wrist and transradial (below elbow) disarticula-

tion; amputation level 3 includes elbow, transhumeral (above elbow), and shoulder disarticulation.
y Type 1: electrically powered, type 2: body-powered, type 3: hybrid, type 4: passive and passive positionable.

Table 4 Multiple Linear Regression Models With CAPPFUL as the Dependent Variable (n=32)

Independent Variable Multiple Analysis

n B SE t Value P Value 95% CI

DASH 32 �0.083 0.141 �0.590 .5623 �0.374 0.208
Amputation*
Level 2 14 �9.994 6.496 �1.540 .1365 �23.372 3.384
Level 3 7 �22.650 6.668 �3.400 .0023 �36.383 �8.916
Level 1 11

Prosthesisy

Type 2 10 3.045 5.491 0.550 .5842 �8.265 14.355
Type 3 3 �20.252 7.919 �2.560 .0170 �36.562 �3.942
Type 4 6 5.077 8.400 0.600 .5510 �12.224 22.378
Type 1 13
* Amputation level 1 includes digit(s)/fingers and partial hand; amputation level 2 includes wrist and transradial (below elbow) disarticula-

tion; amputation level 3 includes elbow, transhumeral (above elbow), and shoulder disarticulation.
y Type 1: electrically powered, type 2: body-powered, type 3: hybrid, type 4: passive and passive positionable.

Patient-reported and actual function 5
this study was to understand the relationship between per-
ceived function and actual function. The multiple linear
regression models, which controlled for prosthesis type and
amputation level, did not show evidence that changes in the
independent variable (DASH) are associated with changes in
the dependent variables (BBTand CAPPFUL). Prosthesis type
and amputation level were significantly associated with
each performance-based outcome measure. This result is
consistent with previous reports in other clinical popula-
tions. Clinical and regulatory implications of these prelimi-
nary analyses are discussed below.

In the upper limb prosthesis rehabilitation field, a stan-
dardized approach to assess and track functional improve-
ments over time has not been implemented21; the use of
outcome measures is rare and, if completed, typically
composed of brief PRO type measures. This results in limited
and incomplete data on outcomes. Time and resource
constraints may contribute to provider reluctance in
incorporating outcome measures as a part of standard
care.22 Of those that do capture outcome measure data,
PROs may be the measure of choice owing to the ease of use
and the fact they typically do not require a certified, profes-
sional therapist for administration.22 Even fewer patient
care programs use performance outcome measures and van-
ishingly few administer both PRO and performance meas-
ures. The preliminary results presented in this study support
the notion that a performance-based outcome measure
should be used in conjunction with PROs, similar to the
DASH, when evaluating function in the upper limb prosthesis
user population.

One unique aspect of this work in determining the associa-
tion between perceived and actual function was the use of per-
formance-based outcome measures that assess an individual’s
ability to perform ADL. The 2 performance-based measures dif-
fered in their end goals, however, because the CAPPFUL is a
population-specific measure whereas the BBT is used to assess



Table 6 Multiple Linear Regression Models With logBBTas the Dependent Variable (n=31)

Independent Variable Multiple Analysis

n B SE t Value P Value 95% CI

DASH 31 �0.007 0.004 �1.750 .0937 �0.015 0.001
Amputation*

Level 2 15 �0.339 0.196 �1.720 .0975 �0.744 0.067
Level 3 7 �0.620 0.191 �3.240 0.0035 �1.014 �0.225
Level 1 9

Prosthesisy

Type 2 9 0.430 0.165 2.600 .0157 0.089 0.771
Type 3 3 0.135 0.222 0.610 .5492 �0.323 0.592
Type 4 5 0.307 0.244 1.260 .2200 �0.196 0.811
Type 1 14
* Amputation level 1 includes digit(s)/fingers and partial hand; amputation level 2 includes wrist and transradial (below elbow) disarticula-

tion; amputation level 3 includes elbow, transhumeral (above elbow), and shoulder disarticulation.
y Type 1: electrically powered, type 2: body-powered, type 3: hybrid, type 4: passive and passive positionable.

Table 5 Simple Linear Regression Models With logBBTas the Dependent Variable

Independent Variable Simple Linear Regression Analysis

n B SE t Value P Value 95% CI

DASH 31 �0.019 0.004 �5.210 <.0001 �0.026 �0.011
Age 38 0.003 0.007 0.460 .6465 �0.010 0.017
Sex

Male 34 0.189 0.273 0.690 .4930 �0.364 0.742
Female 4

Amputation*
Level 2 17 �0.699 0.128 �5.470 <.0001 �0.958 �0.440
Level 3 7 �0.907 0.164 �5.540 <.0001 �1.240 �0.575
Level 1 14

Prosthesisy

Type 2 10 0.630 0.141 4.460 <.0001 0.342 0.917
Type 3 4 0.560 0.196 2.860 .0072 0.162 0.958
Type 4 8 0.943 0.152 6.210 <.0001 0.635 1.252
Type 1 16
* Amputation level 1 includes digit(s)/fingers and partial hand; amputation level 2 includes wrist and transradial (below elbow) disarticula-

tion; amputation level 3 includes elbow, transhumeral (above elbow), and shoulder disarticulation.
y Type 1: electrically powered, type 2: body-powered, type 3: hybrid, type 4: passive and passive positionable.
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a broader clinical population. The BBT is a measure of gross
manual dexterity that evaluates repeated motions and speed,
whereas the CAPPFUL assesses common activities such as zip-
ping a jacket, turning a knob, or cutting with a knife and fork.
Although both measures are classified as performance based,
the CAPPFUL evaluates many facets of specific tasks, which
gives a more complete picture of the current functional level
of the patient compared with a sound upper limb. Even with
these differences, our preliminary results in this sample of
prosthesis users indicate changes in DASH scores are not associ-
ated with changes in either performance-based outcome mea-
sure at the definitive stage of prosthesis fitting.

There were some differences in the significant associa-
tions of prosthesis type across the 2 types of performance-
based outcome measures. Given that prosthesis type also
affects performance differently owing to their unique bene-
fits and limitations, the results seen here are not unex-
pected. For the CAPPFUL model, the hybrid prosthesis (type
3) was found to be negatively associated with increases in
the CAPPFUL score (B=�20.252; 95% CI, �36.562 to �3.942;
P=.0170). This indicates that individuals using hybrid pros-
theses have poorer performance as measured by the CAPP-
FUL. Hybrid prostheses, although an option at almost any
level of amputation, are often selected for transhumeral-
level amputations to decrease weight and complexity of a
device. A hybrid transhumeral prosthesis consists of multiple
types of prosthetic controls used together, which may affect
compensatory movement and range of motion. These factors
together would result in lower compensatory movement
scores on the CAPPFUL and possibly affect other facets of
this measure including control skill, component utilization,
and task completion. Therefore, lower scores (ie, poorer
performance) on CAPPFUL for this prosthesis type are to be
expected. For the logBBT model, body-powered devices
were significantly associated with higher performance
(B=0.430; 95% CI, 0.089-0.771; P=.0157). Given that these
devices are intuitive to use and have a clear line of sight to
the terminal device enabling improved control,23 better
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performance on a simple repetitive task such as moving
blocks is to be expected. The limitations of decreased effi-
ciency (ie, power required to operate) and lack of strength
(of most body-powered terminal devices) do not affect out-
comes for this type of measure.

Scientists and researchers continue to push the boundaries
of what we know to be possible to deliver promising advance-
ments in upper limb prosthetic technology that provide more
robust control of robotic prosthetic devices and incorporate
sensory feedback.24-26 Such technological advancements are at
the doorstep of the United States Food and Drug Administra-
tion, as research groups are pursuing and receiving investiga-
tional device exemptions to conduct early feasibility studies of
their advanced technology in take-home trials.27 Our prelimi-
nary analysis indicates that PROs alone may not accurately
reflect the functional capabilities of individuals using pros-
thetic devices to perform ADL and thus could fall short in pro-
viding a complete assessment of potential benefit of a new
prosthetic device. Although additional research is needed on
the topic, these results imply that appropriate performance-
based measures may also be needed in the development and
evaluation of next-generation prosthetic devices.

Study limitations

The low sample size of this study may affect the generalizabil-
ity of the results to the upper limb prosthesis user population.
However, given the paucity of studies investigating the associa-
tion between PROs and performance-based outcomemeasures,
this preliminary analysis still provides value insights that can
inform future studies. The study is also limited in that only a
single PRO of perceived function was used. Although the DASH
is commonly used to assess perceived function in the upper
limb prosthesis user population, it is not an upper limb loss
−specific measure. Therefore, it does not query about use of a
prosthesis but rather asks the user to rank their abilities regard-
less of how a task is performed. Other outcome measures spe-
cific to the population of interest should be assessed to
determine their association to actual function. It may also be
of interest to use a combined PRO and performance-based out-
come measure that assesses the individual’s perceived and
actual function for the same tasks. A more robust analysis of
how an individual’s perception of their abilities relates to their
capacity to perform a task could be done.
Conclusions

Although additional data and analyses are needed to more
completely assess the association between self-reported meas-
ures and performance-based measures of functional abilities,
these preliminary results provide some insight into the types of
measures to select for evaluation of function in the upper limb
prosthesis user population as well as guidance and limitations
on the interpretation of these measures.
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