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Abstract—Mechanical properties of the DEKA Arm and asso-
ciated engineering innovations are easy to observe. What is less 
clear is how these advances translate into functional benefits for 
the user with amputation. Study aims were to (1) quantify out-
comes including dexterity, performance of daily activities, and 
prosthetic skill and spontaneity of users of the DEKA Arm and 
(2) compare outcomes when using the DEKA Arm with scores 
using the existing prosthesis. This was a quasi-experimental 
study. Descriptive analyses examined outcomes by DEKA Arm 
configuration level. Of the 39 subjects fit with a DEKA Arm, 
32 were trained in use and completed end-of-study testing. Data 
from 26 prosthetic users were used to compare outcomes using 
existing prostheses with outcomes with the DEKA Arm. Dex-
terity and activity performance with the DEKA Arm varied 
by amputation level (p < 0.01). Self-reported function and 
number of activities performed using the prosthesis were simi-
lar across levels. Comparisons with existing prostheses showed 
the effect on dexterity varied by level. Activity performance 
and spontaneity of prosthetic use improved for users of the 
shoulder configuration level, while use of the prosthesis to per-
form activities and perceived difficulty performing self-selected 
tasks improved for all levels.

Key words: amputation, assistive technology, Department of 
Veterans Affairs, dexterity, disability evaluation, outcomes, 
physical function, prosthetics, rehabilitation, upper limb.

INTRODUCTION

Persons with upper-limb amputation are not satisfied 
with the current state of technology, and many do not use a 
prosthesis [1–2]. Reasons for rejection include negative 
initial prosthetic experience due to poor socket fit and dis-
comfort, weight of the device, and/or late fitting; dissatis-
faction with device functionality, lack of tactile sensation, 
and appearance; repeated mechanical failure; and costli-
ness of repairs [2–9]. However, the level of amputation is 
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the most significant factor in upper-limb prosthesis rejec-
tion [1,10–11]. The rate of rejection for persons with 
shoulder disarticulation (SD) is 60 percent, the rate for 
transhumeral (TH) users is 57 percent, and the rate for 
transradial (TR) users is 6 percent.

Persons with upper-limb amputation currently have 
the choice of three basic types of prosthetic devices:
body-powered devices controlled by a cable activated 
through a shoulder harness, motorized devices controlled 
with electromyography (EMG) signals from the residual 
limb (also known as myoelectric prostheses), or hybrid 
devices that use a combination of body-powered and 
EMG controls. Most devices currently on the market 
offer terminal devices that open and close in a single-grip 
pattern. Several newer myoelectric hand designs enable 
the user to select from multiple grips with prepositioning 
of the thumb. Myoelectric devices can also offer powered 
wrist pronation and supination and powered elbow flex-
ion and extension. However, users with more than one 
type of powered movement are only able to control one 
movement at a time. There are currently no powered 
prosthetic shoulders on the commercial market. Those 
with proximal limb loss may use fixed shoulder joints or 
manually locking shoulder joints that allow the user to 
preposition the limb for specific tasks.

The DEKA Arm [12], a precommercial upper-limb 
prosthetic prototype funded by the Defense Advanced 
Research Projects Agency (DARPA) Revolutionizing 
Prosthetics Program [13], was engineered to provide the 
potential for significantly greater upper-limb function 
than devices currently on the market. The full DEKA Arm 
allows up to 10 of powered movement and six prepro-
grammed hand grips. The powered elbow provides flex-
ion and extension as well as humeral rotation. The 
powered wrist flexes and extends as well as pronates and 
supinates and provides a combined lateral and medial 
deviation capability. The device is operated by a combina-
tion of methods that includes foot controls, optional EMG 
controls, pressure switches, or other commonly available 
prosthetic input elements. The DEKA Arm system that 
includes a powered shoulder employs end-point control 
that enables simultaneous control of multiple arm joints, 
minimizing the cognitive burden required to control all 
upper-limb joints separately [14–15]. The mechanical 
properties of the DEKA Arm are easy to observe. It is less 
clear how these advances translate into real-world, func-
tional benefits for the user with amputation.

In 2008, the Department of Veterans Affairs (VA) 
Rehabilitation Research and Development (RR&D) Ser-
vice funded an optimization study. One of the major pur-
poses of this usability study [16] was to examine the ease 
of use, users’ perceptions about the device attributes, and 
desirability of the device. DEKA used feedback from the 
VA study and from studies of their own subjects to refine 
the second-generation DEKA Arm (gen 2) prototype and 
design the third-generation DEKA Arm (gen 3) proto-
type. During the usability study, the VA also performed 
extensive testing to quantify what activities subjects were 
able to do with their existing prostheses and what they 
were able to achieve when using the gen 2 and gen 3 pro-
totypes. Analyses of qualitative study data found that the 
majority of subjects wanted to receive a DEKA Arm, 
largely because of the new activities that they could per-
form using the DEKA Arm [17]. The purposes of this 
article are to report on quantitative study findings, specifi-
cally to (1) quantify outcomes, including dexterity, per-
formance of daily activities, and prosthetic skill and 
spontaneity of users of the DEKA Arm and (2) compare 
outcomes scores when using the DEKA Arm with scores 
using the existing prosthesis.

METHODS

This was a quasi-experimental study with repeated 
measures, prior to and after training with the DEKA 
Arm. This study was conducted as part of the overall VA 
study to optimize the DEKA Arm. Participating sites 
included the Providence VA Medical Center; VA New 
York Harbor Healthcare System (NYHHS); James A. 
Haley Veterans’ Hospital; VA Long Beach Healthcare 
System; and Center for the Intrepid, Brooke Army Medi-
cal Center (BAMC). The study was approved by each 
site’s institutional review board. Each site was staffed by 
a study physician, research assistant, and one or more 
prosthetists and occupational therapists (OTs).

Subjects were recruited through clinical staff, adver-
tisements, and press releases. Subjects were purposefully 
sampled to include participants (both prosthetic users and 
nonusers) at three configuration levels who would be 
trained to use the DEKA Arm: radial configuration (RC), 
humeral configuration (HC), and shoulder configuration 
(SC). Subjects met the following inclusion criteria: at 
least 18 yr old and single or bilateral upper-limb amputa-
tion at the TR, TH, SD, or scapula-thoracic level. All 
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subjects were required to have active control over one or 
both ankles or have an appropriate number of myoelec-
tric and/or other control sites to enable adequate pros-
thetic controls configuration for the DEKA Arm (as 
determined by the study prosthetist). Subjects were 
excluded if they had significant uncorrectable visual defi-
cits; major communication or neurocognitive deficits; skin 
conditions that prevented prosthetic wear; an electrically 
controlled medical device; or any significant comorbid-
ity, cognitive deficit, or mental health problem that would 
limit their ability to participate fully. Subjects were 
enrolled based on their availability to participate, the 
availability of a DEKA Arm at the necessary configura-
tion level, and our desire to balance the sample in terms 
of configuration level and sex. In keeping with VA pol-
icy, whenever possible, Veterans and Active Duty per-
sons were prioritized in the enrollment.

After socket fitting and setup of DEKA Arm con-
trols, subjects were oriented to the device features and 
controls through an interactive virtual reality environ-
ment software program [14] and then trained in the use of 
the device by the study therapists using a standardized 
protocol. Prosthetic use training began with reinforce-
ment of prosthetic control patterns of motions, proceeded 
to simple grasp and release activities, and progressed to 
more complex functional tasks. For most subjects, train-
ing took place over the course of ten 2 h sessions. Part-
way through the study, the training protocol was adapted 
for SC subjects by adding five additional training visits to 
allow this group of participants more time to master the 
more complex SC device. Of the 14 people using an SC, 
8 completed 15 training visits.

Outcome Measures
Outcome measures were administered at the first 

study visit (visit 1) and again 1 wk later (visit 2) using the 
subject’s existing prosthesis, readministered at the onset 
of training with the DEKA Arm, and after every five 
training visits until the end of the study. Outcome mea-
sures of activity performance included four performance-
based measures: the Modified Box and Block Test of 
Manual Dexterity (BB) [18–20], the Jebsen-Taylor Hand 
Function Test (JTHF) [21], the Activities Measure for 
Upper-Limb Amputees (AM-ULA) [22], the University 
of New Brunswick Test of Prosthetic Function for Unilat-
eral Amputees (UNB) [23]; and two self-report measures: 
the Upper-Extremity Functional Scale (UEFS) from the 
Orthotics and Prosthetics Users Survey [24–25] and the 

Patient-Specific Functional Scale (PSFS) [26]. All perfor-
mance-based measures were administered by OTs.

The BB consists of a box with a center partition [18–
20]. Small wooden blocks were placed in one side of the 
box, and the subject was asked to use the prosthetic ter-
minal device to grasp one block at a time, transport it 
over the partition, and release it. The number of blocks 
transported to the other side in 60 s was counted. It has 
excellent reliability and known group validity for upper-
limb amputation [27].

The JTHF is a seven-part dexterity test that evaluates 
the time needed to perform seven tasks, including (1) writ-
ing a 24-letter, third-grade reading difficulty sentence; 
(2) turning over 7.6 × 12.7 cm (3 × 5 in.) cards in simu-
lated page turning; (3) picking up small common objects 
(including pennies, paper clips, bottle caps) and placing 
them in a container; (4) stacking checkers; (5) simulated 
feeding; (6) moving large empty cans; and (7) moving 
large 1 lb cans [21]. Test administration and scoring were 
modified by capping the maximal allowable time for each 
subtask at 2 min. Rather than calculating the time to 
complete all items in the subtask, the number of items 
completed per second was calculated. This administra-
tion method has acceptable reliability and known group 
validity [27].

The AM-ULA is an 18-item measure that assesses 
key elements of functional performance with a prosthe-
sis: the ability of the participant to complete daily activi-
ties, speed of the performance, movement quality, 
skillfulness of prosthetic use, and independence [22]. 
AM-ULA task performance was videotaped and graded 
by a blinded, certified hand therapist rater who was 
trained in the test scoring criteria [22]. Because this mea-
sure was developed during this study, it was administered 
to most, but not all, subjects. Our analysis of psychomet-
ric properties showed that it had excellent test-retest reli-
ability, interrater reliability, and internal consistency and 
demonstrated known group validity [22]. Higher AM-
ULA scores indicate better performance.

The subtest of the UNB that we used was designed for 
11 to 13 yr olds [23]. This subtest included 10 activities 
related to (1) wrapping a parcel, (2) sewing a button on 
cloth, (3) cutting meat, (4) drying dishes, and (5) sweeping 
floors. Each activity is rated with a dual rating scale on 
spontaneity of prosthetic use (Spontaneity) and skill of 
prosthetic use (Skill). UNB task performance was video-
taped and graded by a blinded, certified hand therapist 
rater who was trained in the test scoring criteria [28]. Our 
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analyses of the psychometrics of the UNB found that the 
subtest had acceptable internal consistency, test-retest, and 
interrater reliability and preliminary evidence of validity 
[28]. Higher UNB scores indicate better performance.

The UEFS items ask participants to evaluate the ease 
of performing 23 activities, including self-care and
instrumental daily living tasks, using a 5-point scale from 
1 (very easy) to 5 (cannot perform). Items include activi-
ties varying from face washing, buttoning a shirt, tying 
shoelaces, using a fork or spoon, and name writing to 
donning and doffing the prosthesis [24–25]. In our study, 
we used 22 of the 23 UEFS items, omitting the one item 
related to washing. Because of this, we used item 
response theory methods in WINSTEPS [29] to recali-
brate the measure scores and calculate person-level
summary scores (UEFS summary). Reliability of the
modified UEFS was 0.80 [22]. The UEFS also asks 
respondents to indicate whether or not they usually per-
form each of the activities using or not using their pros-
thesis (or orthosis). The UEFS use scale was scored by 
calculating the proportion of activities that the subject 
indicated that they performed using the prosthesis.

The PSFS asks subjects to identify up to five activi-
ties that they have difficulty performing due to their con-
dition and then rate the amount of limitation they have in 
performing these activities on a scale of 0 to 10, with 0 
being unable to perform the activity and 10 being able to 
perform the activity with no problem. Individual items 
are scored separately. The PSFS has been shown to be 
valid and responsive to change for patients with arm 
impairments [30], neck pain, cervical radiculopathy, knee 
pain, and low back pain [31–32]. Our earlier analyses 
provided evidence of its validity for participants with 
upper-limb amputation [22].

Data Analysis
Descriptive statistics (means, ranges, standard devia-

tions) of demographic data for subjects who participated 
in gen 2, gen 3, and only screening activities were exam-
ined. Descriptive statistics for all quantitative measures at 
baseline (with existing prosthesis) and at the end of the 
study period (after training with the DEKA Arm) were 
examined. Data from visits 1 and 2 were used to calculate 
test-retest reliability of measures (reported elsewhere) 
[22,27–28]. End-of-study outcome data were compared 
by level of prosthesis used (RC, HC, and SC) using the 
Kruskal-Wallis one-way analysis of variance by ranks 
test. Results for gen 2 and gen 3 subsamples were com-

pared graphically. Outcomes using the existing prosthesis 
were compared with those using the DEKA Arm at the 
end of the study using two-sided paired t-tests. Because 
of the small sample size, these analyses were repeated 
using nonparametric Wilcoxon signed-rank tests. To 
determine whether the effect of the DEKA Arm varied by 
amputation level, the data were stratified by DEKA Arm 
configuration level and the analysis repeated using the 
Wilcoxon signed-rank test.

RESULTS

Of the 75 subjects screened, 39 were fit with a DEKA 
Arm; 26 were fit under the gen 2 protocol (1 participated 
in the pilot and then repeated participation in the gen 2 
protocol) and 13 under the gen 3 protocol (Table 1). Of 
the subjects, 12 were fit with an RC, 13 with an HC, and 
14 with an SC. The Figure shows the flow of subjects 
through the study. Seven subjects terminated the study 
after eight or fewer training visits. Thirty-one subjects
completed all specified training visits and one subject 
completed 9 of 10 training visits before end-of-study test-
ing. These 32 participants comprise the completers group.

Table 2 shows the results of Kruskal-Wallis tests at 
the end of the study by DEKA Arm configuration level. 
Scores of dexterity and activity performance measures 
were consistently better for RC users than HC and SC 
users. There were no significant differences in self-report 
of activity performance or in UNB skill or spontaneity 
scores by DEKA Arm configuration level. Table 3 shows 
mean outcome scores for completers using the gen 2 pro-
totype compared with completers using the gen 3 proto-
type by level of fit. No clear pattern of superiority of one 
prototype over the other was observed.

Comparison of existing device with the DEKA Arm 
was made for 26 study completers who were prosthetic 
users at baseline (Table 4). To enhance internal validity, 
3 of the 29 subjects who were categorized as prosthetic 
users at baseline were not included in this comparison; 
one because he was fit at the SC level but had an average-
length humeral residuum (he had been fit with an SC so 
that we could obtain usability feedback on this configura-
tion level), one because he was a very new prosthetic 
user (1 mo) at baseline testing, and one because he used a 
cosmetic prosthesis only.

As measured by the BB and JTHF feeding test, dex-
terity was significantly slower with the DEKA Arm than
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Characteristic Gen 2 (n = 26) Gen 3 (n = 13)
Screened But Not Enrolled 

(n = 36)
Age, yr (mean ± SD [range]) 45.4 ± 16.7 (19.7–82.8) 46.4 ± 16.4 (23.1–70.8) 43.1 ± 14.6 (19.9–79.4)
DEKA Arm Configuration Level, n

8 4 NA
8 5 NA

10 4 NA
Sex, n (%)

22 (84.6) 12 (92.3) 33 (91.7)
4 (15.4) 1 (7.7) 3 (8.3)

Race, n (%)
23 (88.5) 13 (100.0) 29 (80.6)

3 (11.5) 0 (0.0) 7 (19.4)
Military Status, n (%)

8 (30.8) 5 (38.5) 7 (19.4)
13 (50.0) 5 (38.5) 24 (66.7)
5 (19.2) 3 (23.1) 5 (13.9)

Prosthetic User (active device only), n (%)
3 (11.5) 2 (15.4) 7 (19.4)

14 (53.9) 6 (46.2) 21 (58.3)
9 (34.6) 5 (38.5) 8 (22.2)

Participant in Gen 2 Study, n (%) 26 (100.0) 5 (38.5) NA
Prosthetic Experience (includes cosmetic), n (%)

1 (4.4) 0 (0.0) *
4 (17.4) 3 (27.3) *
3 (13.0) 5 (45.5) *

15 (65.2) 3 (27.3) *

with the existing prosthesis and equivalent in the five 
remaining dexterity tests. Spontaneity of use, as mea-
sured by the UNB, was significantly better with the 
DEKA Arm than with the existing device. Self-reported 
activity performance (i.e., the number of daily activities 
performed using the prosthesis and difficulty with 
patient-specific activities) was significantly better with 
the DEKA Arm than with the existing prosthesis. Sub-
jects reported (on the UEFS use scale) that they per-
formed significantly more activities with a prosthesis 
when using the DEKA Arm than they did using their 
existing prosthesis. Subjects also reported less difficulty 
with activities that were important to them (listed on the 
PSFS) when using the DEKA Arm than with their exist-
ing prosthesis. Since results of Wilcoxon signed-ranks 
tests were similar, these results are not shown.

The results of Wilcoxon signed-ranks tests show that 
score differences in dexterity scores for existing prosthe-

sis and the DEKA Arm varied by prosthetic fit level 
(Table 5). Subjects using the RC prosthesis had worse 
BB scores and JTHF feeding and light cans scores when 
using the DEKA Arm than with their existing prosthesis 
and equivalent scores on four other dexterity tests. Sub-
jects using HC prostheses had lower BB scores, better 
JTHF heavy and light can scores, and equivalent scores 
on four other tests. However, subjects using the SC had 
better dexterity as measured by JTHF page turning but 
equivalent scores on the seven other dexterity tests.

Analyses show that spontaneity of prosthetic use and 
activity performance was better for users of the DEKA 
Arm at the SC level but equivalent at the RC and HC lev-
els. In contrast, self-reported prosthetic use and difficulty 
performing patient-specific activities were superior with 
the DEKA Arm than with the existing prosthesis for all 
levels of users.

Table 1.
Characteristics of all screened subjects.

Radial
Humeral
Shoulder

Male
Female

White
Other

Non-Veteran
Veteran
Active Duty

Not Current User
Full-Time
Part-Time

Very New (<3 mo)
New (3 mo–1 yr)
Experienced (1–5 yr)
Very Experienced (5 yr)

*Data not collected.
gen 2 = second-generation DEKA Arm, gen 3 = third-generation DEKA Arm, NA = not applicable, SD = standard deviation.
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Figure.
Flow diagram of subjects in study. gen 2 = second-generation 

DEKA Arm, gen 3 = third-generation DEKA Arm, HC = humeral con-

figuration, RC = radial configuration, SC = shoulder configuration.

DISCUSSION

This is the first study to report on dexterity, activity 
performance, and prosthetic skill and spontaneity
achieved by VA subjects after training to use the DEKA 
Arm. Overall, we found that RC users had the best dexter-
ity, followed by HC users and then SC users. A slightly 
different pattern was observed in activity performance, 
with RC and HC users having comparable scores and SC 
users demonstrating worse performance. Interestingly, no 
differences in self-reported functional performance were 
observed by configuration level, suggesting that dexterity 
was not a primary factor in perceived difficulty of activity 
performance.

Our study is the first to compare outcomes of subjects 
using a DEKA Arm and their own prosthetic device. Sub-
jects at all amputation levels reported that they could per-

form more activities using the DEKA Arm (as measured 
by the UEFS) than they could perform with their existing 
prosthesis and that they had less difficulty performing 
self-selected activities (as measured by the PSFS) when 
using the DEKA Arm. As a group, dexterity was equiva-
lent or somewhat diminished with the DEKA Arm than 
with the existing prosthesis, although the effect differed 
by configuration level. RC users had significantly worse 
dexterity on three of eight tests, although the mean scores 
were lower for all dexterity tests. HC users had mixed 
dexterity scores (2 of 8 tests were significantly better and 
1 of 8 tests was significantly worse), and SC users had 
equivalent or somewhat improved dexterity (1 of 8 tests 
was better). The participants with upper-limb amputation 
in our study had substantially impaired BB scores com-
pared with established norms. Published normative values 
for 45 to 49 yr old males show that persons of this age 
transport 75.8 to 76.9 blocks in 1 min [19]. We found that 
DEKA Arm users transported an average of 5.1 (SC 
users) to 14.1 (RC users) while current prosthesis users 
transported an average of 4.5 (SC users) to 25.6 (RC 
users) blocks in 1 min.

Our results triangulate well with the findings from our 
qualitative analyses [17,33]. DEKA Arm users at all lev-
els thought that the DEKA Arm was beneficial, with the 
majority of users reporting that they could perform activi-
ties using the DEKA Arm that they could not with their 
existing prostheses [17]. Our data suggest that perceived 
functional benefits, particularly in the area of self-care 
activities, were somewhat greater for SC users [17]. The 
findings from the current study suggest that the benefits of 
increased independence and less difficulty in performance 
of functional activities may be more highly valued by 
participants with amputation than speed of fine motor 
activities (dexterity).

STUDY LIMITATIONS

Our results need to be interpreted cautiously because 
we have no way of knowing for certain whether or not the 
training received in this protocol was sufficient to maxi-
mize each and every subject’s performance. All subjects
participated in a semistructured, in-laboratory training pro-
gram, where the lengths of visits, as well as the number of 
visits, were specified by the study protocol. Training was 
considered complete when the prespecified number of vis-
its had been achieved. In most cases, training intensity was
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Performance-Based 
Measure

RC HC SC p-Value All

No. of Subjects 11 7 14 32
BB 13.4 ± 5.7 (6–21) 9.1 ± 2.6 (6–13) 4.5 ± 3.7 (0–11) <0.01 8.6 ± 5.8 (0–21)
JTHF*

0.45 ± 0.20 (0.23–0.84) 0.37 ± 0.15 (0.13–0.58) 0.25 ± 0.10 (0.07–0.44) <0.01 0.34 ± 0.17 (0.07–0.84)
0.09 ± 0.04 (0.05–0.17) 0.06 ± 0.03 (0.02–0.12) 0.03 ± 0.02 (0.00–0.05) <0.01 0.06 ± 0.04 (0.00–0.17)
0.09 ± 0.06 (0.00–0.18) 0.05 ± 0.03 (0.03–0.10) 0.03 ± 0.02 (0.00–0.07) <0.01 0.06 ± 0.05 (0.00–0.18)
0.12 ± 0.07 (0.00–0.27) 0.08 ± 0.03 (0.03–0.13) 0.03 ± 0.02 (0.00–0.06) <0.01 0.07 ± 0.06 (0.00–0.27)
0.23 ± 0.10 (0.10–0.38) 0.17 ± 0.06 (0.09–0.24) 0.09 ± 0.06 (0.03–0.20) <0.01 0.16 ± 0.10 (0.03–0.38)
0.23 ± 0.10 (0.09–0.39) 0.19 ± 0.06 (0.11–0.27) 0.11 ± 0.06 (0.05–0.21) <0.01 0.17 ± 0.09 (0.05–0.39)

No. of Subjects 9 7 11 27
UNB

2.9 ± 0.5 (2.3–3.7) 3.3 ± 0.1 (3.2–3.4) 3.0 ± 0.4 (2.4–3.8) 0.17 3.0 ± 0.4 (2.3–3.8)
3.1 ± 0.5 (2.4–3.9) 3.5 ± 0.2 (3.2–3.7) 3.2 ± 0.4 (2.5–3.8) 0.08 3.2 ± 0.4 (2.4–3.9)

No. of Subjects 10 7 11 28
AM-ULA 1.9 ± 0.4 (1.4–2.4) 1.9 ± 0.3 (1.5–2.3) 1.4 ± 0.3 (1.1–1.9) 0.01 1.7 ± 0.4 (1.1–2.4)
Self-Report Measure RC HC SC p-Value All
No. of Subjects 11 7 14 32
UEFS 42.0 ± 5.8 (30.8–49.0) 38.7 ± 10.5 (22.7–52.3) 43.3 ± 5.8 (30.8–50.7) 0.60 41.8 ± 7.0 (22.7–52.3)
UEFS Use 1.0 ± 0.0 (0.9–1.0) 0.9 ± 0.2 (0.5–1.0) 0.7 ± 0.4 (0.0–1.0) 0.13 0.8 ± 0.3 (0.0–1.0)
PSFS 5.7 ± 2.1 (1.7–8.8) 6.0 ± 1.3 (3.5–7.8) 5.3 ± 2.0 (2.0–8.7) 0.59 5.6 ± 1.9 (1.7–8.8)

Measure
RC (n = 11) HC (n = 7) SC (n = 14)

Gen 2
(n = 7)

Gen 3
(n = 4)

p-Value
Gen 2
(n = 4)

Gen 3
(n = 3)

p-Value
Gen 2

(n = 10)
Gen 3
(n = 4)

p-Value

Performance-Based
BB 13.0 ± 6.2 14.0 ± 5.7 1.00 8.3 ± 3.3 10.3 ± 0.6 0.28 5.1 ± 4.1 3.0 ± 2.2 0.39
JTHF*

0.50 ± 0.23 0.36 ± 0.13 0.45 0.39 ± 0.20 0.34 ± 0.09 0.48 0.24 ± 0.07 0.25 ± 0.15 0.79
0.10 ± 0.04 0.07 ± 0.03 0.19 0.04 ± 0.02 0.09 ± 0.03 0.08 0.02 ± 0.02 0.03 ± 0.02 0.20
0.11 ± 0.04 0.07 ± 0.08 0.30 0.05 ± 0.03 0.05 ± 0.02 0.86 0.03 ± 0.02 0.03 ± 0.02 0.72
0.11 ± 0.08 0.12 ± 0.06 0.85 0.08 ± 0.02 0.08 ± 0.05 0.72 0.02 ± 0.02 0.03 ± 0.02 0.77
0.26 ± 0.11 0.20 ± 0.09 0.19 0.17 ± 0.06 0.17 ± 0.06 1.00 0.10 ± 0.06 0.05 ± 0.02 0.12
0.25 ± 0.11 0.21 ± 0.06 0.85 0.18 ± 0.06 0.21 ± 0.06 0.48 0.12 ± 0.06 0.08 ± 0.02 0.23

AM-ULA 1.7 ± 0.3 2.1 ± 0.4 0.14 1.7 ± 0.2 2.1 ± 0.2 0.08 1.3 ± 0.2 1.5 ± 0.3 0.13
Self-Report
UNB

3.0 ± 0.5 2.8 ± 0.5 0.54 3.3 ± 0.1 3.3 ± 0.1 0.86 2.9 ± 0.5 3.1 ± 0.1 0.26
3.1 ± 0.5 3.0 ± 0.5 0.71 3.5 ± 0.1 3.5 ± 0.2 1.00 3.2 ± 0.5 3.1 ± 0.3 0.71

UEFS 42.8 ± 5.5 40.5 ± 7.0 0.51 37.4 ± 12.8 40.4 ± 8.6 0.72 43.2 ± 6.7 43.5 ± 3.6 0.78
UEFS Use 0.9 ± 0.0 1.0 ± 0.0 0.24 0.8 ± 0.2 1.0 ± 0.0 0.20 0.6 ± 0.4 0.9 ± 0.1 0.23
PSFS 5.4 ± 2.5 6.3 ± 1.3 0.51 5.5 ± 1.3 6.7 ± 1.0 0.21 5.3 ± 2.0 5.3 ± 2.2 0.83

Table 2.
Performance-based and self-report measure scores (mean ± standard deviation [range]) at end of study by DEKA Arm configuration level 
(second-generation and third-generation DEKA Arms).

Writing
Page Turning
Small Items
Feeding
Light Cans
Heavy Cans

Skill
Spontaneity

*Number of items per second.
AM-ULA = Activities Measure for Upper-Limb Amputees, BB = Modified Box and Block Test of Manual Dexterity, HC = humeral configuration, JTHF = Jebsen-
Taylor Hand Function Test, PSFS = Patient-Specific Functional Scale, RC = radial configuration, SC = shoulder configuration, UEFS = Upper-Extremity Functional 
Scale, UNB = University of New Brunswick Test of Prosthetic Function for Unilateral Amputees.

Table 3.
Comparison of scores (mean ± standard deviation) by DEKA Arm prototype by configuration level.

Writing
Page Turning
Small Items
Feeding
Light Cans
Heavy Cans

Skill
Spontaneity

*Number of items per second.
AM-ULA = Activities Measure for Upper-Limb Amputees, BB = Modified Box and Block Test of Manual Dexterity, gen 2 = second-generation DEKA Arm, gen 3 = 
third-generation DEKA Arm, HC = humeral configuration, JTHF = Jebsen-Taylor Hand Function Test, PSFS = Patient-Specific Functional Scale, RC = radial configu-
ration, SC = shoulder configuration, UEFS = Upper-Extremity Functional Scale, UNB = University of New Brunswick Test of Prosthetic Function for Unilateral 
Amputees.
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Measure Existing Prosthesis DEKA Arm p-Value*

Performance-Based
BB (n = 26) 15.3 ± 11.9 (0–49) 9.5 ± 5.9 (0–21) <0.01
JTHF† (n = 26)

0.34 ± 0.36 (0–1.46) 0.34 ± 0.18 (0.07–0.84) 0.99
0.08 ± 0.09 (0–0.32) 0.06 ± 0.04 (0–0.17) 0.14
0.10 ± 0.11 (0–0.35) 0.06 ± 0.05 (0–0.18) 0.12
0.12 ± 0.11 (0–0.36) 0.08 ± 0.06 (0–0.27) <0.01
0.21 ± 0.16 (0–0.56) 0.18 ± 0.10 (0.04–0.38) 0.28
0.22 ± 0.19 (0–0.75) 0.19 ± 0.09 (0.06–0.39) 0.42

AM-ULA (n = 23) 1.6 ± 0.6 (0.4–2.4) 1.7 ± 0.4 (1.1–2.4) 0.18
UNB (n = 23)

3.0 ± 0.4 (1.7–3.7) 3.1 ± 0.4 (2.4–3.8) 0.42
3.0 ± 0.5 (1.7–3.7) 3.3 ± 0.4 (2.5–3.9) 0.05

Self-Report
UEFS (n = 26) 38.9 ± 13.1 (0.0–74.8) 40.5 ± 6.9 (22.7–49.0) 0.49
UEFS Use (n = 26) 0.5 ± 0.3 (0.0–1.0) 0.8 ± 0.2 (0.1–1.0) <0.01
PSFS (n = 26) 3.0 ± 1.9 (0.0–7.0) 5.8 ± 1.9 (1.7–8.8) <0.01

Measure
RC (n = 10) HC (n = 6) SC (n = 10)

Existing 
Prosthesis

DEKA Arm p-Value
Existing 

Prosthesis
DEKA Arm p-Value

Existing 
Prosthesis

DEKA Arm p-Value

Performance-Based
BB 25.6 14.1 0.02 16.33 9.33 0.03 4.5 5.1 0.72
JTHF*

0.57 0.44 0.58 0.26 0.33 0.25 0.16 0.23 0.07
0.15 0.10 0.24 0.10 0.07 0.07 0.01 0.02 0.03
0.19 0.10 0.06 0.07 0.06 0.75 0.02 0.03 0.10
0.21 0.12 0.01 0.11 0.08 0.35 0.04 0.03 0.30
0.38 0.24 0.03 0.13 0.18 0.03 0.08 0.11 0.39
0.39 0.24 0.06 0.14 0.21 0.05 0.10 0.13 0.72

AM-ULA 2.1 2.0 0.33 1.8 1.9 0.60 0.9 1.3 0.03
UNB

3.2 3.0 0.40 3.0 3.3 0.17 2.8 3.0 0.41
3.2 3.2 0.62 3.0 3.5 0.29 2.8 3.3 0.04

Self-Report
UEFS 39.1 41.5 0.39 29.0 36.4 0.17 44.7 42.1 0.88
UEFS Use 0.5 1.0 <0.01 0.2 0.9 0.03 0.5 0.8 0.03
PSFS 4.1 5.7 0.04 2.9 6.4 0.03 1.8 5.7 0.01

Table 4.
Outcome scores (mean ± standard deviation [range]) using existing prosthesis compared with DEKA Arm.

Writing
Page Turning
Small Items
Feeding
Light Cans
Heavy Cans

Skill
Spontaneity

*Paired t-test.
†Number of items per second.
AM-ULA = Activities Measure for Upper-Limb Amputees, BB = Modified Box and Block Test of Manual Dexterity, JTHF = Jebsen-Taylor Hand Function Test, 
PSFS = Patient-Specific Functional Scale, UEFS = Upper-Extremity Functional Scale, UNB = University of New Brunswick Test of Prosthetic Function for Unilat-
eral Amputees.

Table 5.
Comparison scores (mean) of existing prosthesis with DEKA Arm by configuration level (n = 26).

Writing
Page Turning
Small Items
Feeding
Light Cans
Heavy Cans

Skill
Spontaneity

*Number of items per second.
AM-ULA = Activities Measure for Upper-Limb Amputees, BB = Modified Box and Block Test of Manual Dexterity, HC = humeral configuration, JTHF = Jebsen-
Taylor Hand Function Test, PSFS = Patient-Specific Functional Scale, RC = radial configuration, SC = shoulder configuration, UEFS = Upper-Extremity Func-
tional Scale, UNB = University of New Brunswick Test of Prosthetic Function for Unilateral Amputees.
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3 to 5 days per week and sessions lasted 2 h and included 
additional time for rest breaks. Several subjects attended 
less often because of scheduling problems, illness, or need 
for device repairs. We recognize that the amount of train-
ing or the schedule of training provided in our study may 
have been insufficient for some subjects and more than 
enough for others. Clinical experience suggests that train-
ing time needs to be longer or more intensive for older per-
sons and those with cognitive impairments [34]. Based on 
early feedback from subjects and clinical staff, we deter-
mined that 20 h of training was not sufficient for SC users, 
and we added 10 h of additional training. We have no way 
of knowing whether or not subjects would have continued 
to gain proficiency if given additional time and training.

There are limitations to the comparisons of existing 
devices with the DEKA Arm that were conducted in this 
study. Prosthetic users in our study had received varying 
amounts of prior prosthetic training, had widely differing 
years of prosthetic experience, and used all types of 
devices. In some cases, subjects had decades of prior 
prosthetic experience and in others, only months or years. 
We attempted to ameliorate differences in prosthetic 
experience (or at least bias comparisons toward the null) 
by excluding a very new prosthetic user from this com-
parison. All of our subjects had less than 30 h of training 
in use of the DEKA Arm, which was delivered over 
weeks to several months. Thus, all subjects had been 
using their existing prostheses for far longer than they 
had used the DEKA Arm.

Subjects in our study had all types of devices: some 
myoelectric, some body-powered, and others hybrid. A 
variety of terminal devices were used, including standard 
hooks and various myoelectric hands. We did not com-
pare outcomes using the DEKA Arm with outcomes for 
subtypes of current prostheses. It is possible that compari-
sons for subtypes of existing devices would yield some-
what difference results. However, we do not believe that 
the differences would be profound because of the key 
features of the DEKA Arm that were not available in any 
existing prostheses. All levels of DEKA Arm have pow-
ered wrist flexion and extension and six grips, and all 
subjects controlled the DEKA Arm movement, in part or 
in full, with foot controls that are not available in any 
existing prostheses. The HC and SC DEKA Arms have 
powered humeral rotation. The SC DEKA Arm has a 
powered shoulder and uses an end-point control scheme. 
Future studies could compare the DEKA Arm with spe-
cific types of existing prostheses.

For pragmatic reasons, we made no attempt to alter 
the subject’s prosthetic prescription to standardize the 
type of comparison device used in the study. Thus, it is 
likely that some subjects were tested with an existing 
prosthesis that was not optimal for their needs. It is con-
ceivable that, given the latest available technology and 
sufficient training, some might have performed better than 
they did on baseline testing with their existing prostheses. 
However, we have no way of testing this hypothesis with-
out a different study design. Such a design was not feasi-
ble in our optimization study due to challenges in 
recruiting a scarce population and the extensive time and 
costs involved in prescribing standardized devices and 
then training prosthetic users prior to baseline testing.

Lastly, there are also limitations to the generalizability 
of our findings to the overall population with upper-limb 
amputation. Our sample was purposefully chosen to pro-
vide a diverse range of users at each of three device 
configuration levels and to include participants with
bilateral and unilateral amputation as well as of both sexes. 
Although we have no data on population characteristics, 
we believe that our subject pool represented the diversity 
of the population with upper-limb amputation but was not 
representative of the U.S. or Veteran population.

CONCLUSIONS

This study reported on dexterity, activity perfor-
mance, prosthetic skill and spontaneity, and self-reported 
function after training with the DEKA Arm. Although 
dexterity varied by amputation level, self-reported func-
tion and number of activities performed using the prosthe-
sis were similar across amputation levels. Comparisons of 
the DEKA Arm with existing prostheses showed that the 
effect of the DEKA Arm on dexterity was equivalent or 
mixed. Activity performance and spontaneity of pros-
thetic use improved for SC users, whereas use of the pros-
thesis to perform activities and perceived difficulty in 
performing self-selected tasks improved for participants 
of all levels of amputation using the DEKA Arm.
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