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ate a more optimal replacement for a missing hand. A
major step in these developments has been the introduction of myoelectrically controlled multiarticulated hands.
These multiarticulated hands have the ability to fold
around objects and perform various grip types, which
make them more like a human hand than single-joint
myoelectric prosthetic hands such as the Dynamic Mode
Control (DMC) plus hand (Ottobock; Duderstadt, Germany). The first multiarticulated hand available on the
market was the i-LIMB hand (2007, Touch Bionics; Livingston, United Kingdom) followed by the bebionic hand
(2010, RSLSteeper; Leeds, United Kingdom), and the
i-LIMB Pulse (2010, Touch Bionics).

Abstract—The availability of various multiarticulated prosthetic hands makes determining differences in functionality
between these hands relevant. The current study asked whether
the functionality of these hands increased with time of use and
whether grip force and robustness improved. A 45-year-old
man with wrist disarticulation used the i-LIMB and the i-LIMB
Pulse hands in a series of tests covering all functional levels as
described in the framework of the International Classification
of Functioning, Disability and Health. Using the i-LIMB for
1 yr improved Southampton Hand Assessment Procedure function scores. However, the i-LIMB Pulse did not improve much
over 5 mo of training, possibly because of the intense training
in the month prior to the first i-LIMB Pulse tests. The i-LIMB
Pulse hand generally showed higher scores on the tests and better grip strength and robustness than the i-LIMB. The i-LIMB
Pulse has overcome the shortcomings of the i-LIMB hand. The
preset grip patterns simplified the complex control of the
multiarticulated i-LIMB hand, which contributed to patient
satisfaction.

Abbreviations: ACMC = Assessment of Capacity for Myoelectric Control 2.0, DMC = Dynamic Mode Control, IoF =
Index of Function, logits = log-odds, OPUS = Orthotics and
Prosthetics Users’ Survey, SHAP = Southampton Hand
Assessment Procedure, T0 = baseline measurements with
DMC plus hand, T1 = measurements after 1 mo of i-LIMB
usage, T2 = measurements after 1 yr of i-LIMB usage, T3 =
measurements after 1 mo of i-LIMB Pulse usage, T4 = measurements after 5 mo of i-LIMB Pulse usage, TAPES = Trinity
Amputation and Prosthesis Experience Scales, VAS = visual
analog scale.
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INTRODUCTION
The development of prosthetic hands seems to have
gained renewed interest recently. In the last decade,
research centers and manufacturers have been employing
the current state of technology to develop new concepts
and apply new materials and techniques in trying to cre-
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In an earlier study, we presented a case in which we
compared the multiarticulated i-LIMB hand and the single-joint DMC plus hand [1]. Surprisingly, we found no
clear functional advantage for the i-LIMB over the DMC
plus hand. Compared with the DMC plus hand, the iLIMB hand had a higher reliability when holding objects
but less strength and robustness. The functional scores of
the i-LIMB were equal to or even lower than those of the
DMC plus hand. However, the participant had used the
DMC plus hand for 18 mo but trained with the i-LIMB
hand for only 4 wk.
The current study is a follow-up to that earlier study
and concentrates on two questions. First, Does the time
period in which the multiarticulated i-LIMB hand is used
affect its functional scores? Second, Is the i-LIMB Pulse
hand an improved version of the i-LIMB hand, at least in
strength and robustness? To answer these questions, a
single participant with amputation used an i-LIMB hand
and an i-LIMB Pulse hand for 5 mo.

CASE DESCRIPTION
In November 2006, a 43-year-old man sustained a
wrist disarticulation on his dominant left side during
work. Initially, he was provided with a two-electrode
myoelectric prosthesis with a DMC plus hand and a passive wrist rotator.
In December 2008, through the efforts of his personal injury lawyer, the patient received a new prosthesis
with an i-LIMB hand and a rigid wrist, and in December
2010, he was provided with a third prosthesis with an iLIMB Pulse hand and a friction wrist. All three of the
patient’s prostheses had forearm sockets with proximal
trimlines inferior to the humeral condyles. Supination to
–10° was possible with and without a prosthesis, and 45°
and 80° of pronation were measured with and without a
prosthesis, respectively.

METHODS
After obtaining written informed consent and approval
of the local medical ethics review board, the patient performed a series of tests with the three prosthetic hands at
different instances in time. The tests with the DMC plus
hand and the i-LIMB hand after 1 mo of training (T1) were
described previously [1].

In the current study, the i-LIMB was tested again after
1 yr of usage (T2) and the i-LIMB Pulse was tested after 1
mo of training (T3) and approximately 5 mo of training
and daily use (T4). In addition to performing the same
tests as in our previous study, we performed a qualitative
interview with the patient.
The conducted tests covered all functional levels as
described in the framework of the International Classification of Functioning, Disability and Health for Function
scores and Activity and Participation scores [2].
Function
Grip and pinch strength were measured using the
Jamar dynamometer (E-Link, Biometrics Ltd; Newport,
United Kingdom) in five positions and the pinch meter as
advocated by the American Society of Hand Therapists
[3–4]. However, single-try measurements were applied.
Prehensile patterns and grip postures were assessed by
the Southampton Hand Assessment Procedure (SHAP).
The SHAP consists of 26 tasks: 12 abstract object tasks
and 14 activities of daily living. The time necessary to
complete each task was recorded and transformed into a
functionality profile that reflected the ability to perform
several grip types. Overall functionality is reflected in the
Index of Function (IoF). Nondisabled participants score
between 94 and 99 on a scale of 0–100 [5–6].
The Assessment of Capacity for Myoelectric Control
2.0 (ACMC) gauges myoelectric control in an everyday
activity [6]. We examined the task “packing a suitcase.”
A score of zero log-odds (logits) is an average control
ability [7].
Activity and Participation
Satisfaction with the prosthesis in general and the influence of the prosthesis on performing activities of daily living were measured by the Trinity Amputation and
Prosthesis Experience Scales (TAPES) in four psychosocial
subscales (score 14–70, higher scores reflect better adjustment), four activity-restriction subscales (score 0–12,
higher scores reflect more restrictions), and a single prosthesis-satisfaction subscale (score 10–50, higher scores
reflect higher satisfaction) [8].
The Orthotics and Prosthetics Users’ Survey (OPUS)
assessed function, satisfaction, and quality of life related
to the patients’ use of the upper-limb prosthesis. The
Upper Extremity Functional Status is established from a
19-item daily activity questionnaire (score: 0–57, Figure).
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Table 1.
Function scores over time (T0–T4) for i-LIMB and i-LIMB Pulse
hands: grip strength and pinch strength measured with Jamar
dynamometer and pinch meter, respectively; Southampton Hand
Assessment Procedure (SHAP); SHAP Index of Function (IoF) scores;
and log-odds scores of Assessment of Capacity for Myoelectric Control
2.0 (ACMC).

Measure

DCM
Plus
T0*

Figure.
Orthotics and Prosthetics Users’ Survey Upper Extremity Functional Status questionnaire.

A score of 27 reflects zero logits and a moderate level of
upper-limb function [9–10].
Prosthesis Characteristics
Visual analog scale (VAS) scores were used to determine the patient’s subjective opinion on the strength,
appearance, sound, precision grip, power grip, and
robustness of the prosthetic hands (lowest score 0, highest score 10). The patient also scored the relevance of
these prosthetic characteristics. A semistructured qualitative interview gave the patient the opportunity to express
his experience with the tests and the outcomes.

RESULTS
Function
Table 1 presents the scores from the Jamar dynamometer, pinch meter, SHAP, and ACMC. Grip strength
was highly variable. The power grip force of the i-LIMB
after 1 yr was remarkably low in positions 1, 2, 3, and 4

Grip Strength (N)
1
76
2
88
3
91
4
96
5
36
Pinch Strength (N)
Lateral
NA
Tripod
121
Tip
NA
SHAP
Spherical
90
Power
75
Tip
39
Tripod
76
Lateral
69
Extension
81
IoF
74
ACMC
2.47

i-LIMB

i-LIMB Pulse

T1*

T2

T3

T4

14
13
65
57
20

1
3
31
50
43

13
26
106
105
107

11
44
97
81
85

16
15
20

10
16
12

20
26
19

17
21
17

90
51
42
32
23
55
52
2.6

90
85
58
84
62
45
76
1.94

94
88
74
87
80
87
88
3.0

94
90
51
88
81
84
87
4.45

*DMC

plus and i-LIMB scores as revealed in our earlier study [1].
DMC = Dynamic Mode Control, NA = not applicable, T0 = baseline measurements with DMC plus hand, T1 = measurements after 1 mo of i-LIMB usage,
T2 = measurements after 1 yr of i-LIMB usage, T3 = measurements after 1 mo
of i-LIMB Pulse usage, T4 = measurements after 5 mo of i-LIMB Pulse usage.

of the Jamar dynamometer. Power grip and pinch grip
were higher for the i-LIMB Pulse than the i-LIMB.
With regard to the SHAP, the IoF score after 1 yr of iLIMB use was substantially higher than the IoF score
after 1 mo of i-LIMB use. This change over time was less
for the i-LIMB Pulse. Importantly, the scores on the
SHAP were generally higher for the i-LIMB Pulse. The
tip grip score for the i-LIMB Pulse was lower after 5 mo
than after 1 mo.
Myoelectric control, as reflected by ACMC scores,
was most favorable in the i-LIMB Pulse. The ACMC
score was lowest for the i-LIMB after 1 yr, but still well
above the average of zero logits.
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Activity and Participation
In the TAPES (Table 2), the differences in scores
over time were small for both hands. The psychosocial
adjustment score and the prosthesis satisfaction score
were somewhat higher for the i-LIMB Pulse than for the
i-LIMB, whereas for the activity-restriction score, it was
the other way around.
Performance of daily activities (functional status) in
the OPUS decreased over time for the i-LIMB, while the
i-LIMB Pulse scores increased over time.
Prosthesis Characteristics
VAS scores in Table 3 revealed that, in general, both
prostheses were rated high. The i-LIMB Pulse was rated
higher on produced force and robustness of the hand, and
those were relevant prosthetic properties for this user.
Table 2.
Activity and participation scores measured by Trinity Amputation and
Prosthesis Experience Scales (TAPES) and Orthotics and Prosthetics
Users’ Survey (OPUS) for different measurements over time (T0–T4).
DCM
i-LIMB
i-LIMB Pulse
Plus
Measure
TAPES
Psychosocial Adjustment
General Adjustment
Social Adjustment
Adjustment to Limitation
Optimal Adjustment
Total
Activity Restriction
Athletic Restriction
Social Restriction
Occupational Restriction
Total
Prosthesis Satisfaction
Aesthetic Satisfaction
Weight Satisfaction
Functional Satisfaction
Total
OPUS Functional Status
*DMC

T0*

T1*

T2

T3

T4

12
20
5
10
47

11
20
9
10
50

11
20
9
9
49

11
20
15
9
55

12
20
11
10
53

3
0
4
7

3
0
4
7

4
0
3
7

2
0
2
4

2
0
3
5

13
3
18
34
30

18
3
19
40
29

16
4
18
38
25

16
4
20
40
23

17
4
21
42
30

plus and i-LIMB scores as revealed in our earlier study [1].
ACMC = Assessment of Capacity for Myoelectric Control 2.0, DMC =
Dynamic Mode Control, OPUS = Orthotic and Prosthetics Users’ Survey,
SHAP = Southampton Hand Assessment Procedure, T0 = baseline measurements with DMC plus hand, T1 = measurements after 1 mo of i-LIMB usage,
T2 = measurements after 1 yr of i-LIMB usage, T3 = measurements after 1 mo
of i-LIMB Pulse usage, T4 = measurements after 5 mo of i-LIMB Pulse usage.

The patient especially liked the ease of grasping with the
multiarticulated hand. He said that the hand had more
grip, because of the roughness of the glove (robotic skin).
Furthermore, with the multiarticulated hand, the positioning of the fingers around an object did not need to be as
precise as with hands with single-degree-of-freedom finger joints (e.g., DMC plus hand). Moreover, the possibility of being able to perform a tip grip with this
multiarticulated hand added a lot of functionality. The
patient reported that he highly valued the larger force of
the i-LIMB Pulse over the i-LIMB, because it made
objects feel more secure in the hand. The preset grip patterns of the i-LIMB Pulse were judged as a considerable
advantage, mainly because changing between hand positions took less time and was more reliable than with the iLIMB hand.

DISCUSSION
We saw a major improvement in the use of the iLIMB hand over time, as reflected in the SHAP scores.
This improvement seemed to be mainly due to learning to
exploit the possibilities that the multiple grip patterns of
the hand offered compared with a single-joint prosthetic
hand. This application of various grip patterns is what the
patient had to learn when he first received a multiarticulated hand. Presumably, when he received the i-LIMB
Pulse, he was familiar with the possibilities that a multiarticulated hand offered. Hence, we did not find a learning
effect for the i-LIMB Pulse on the SHAP scores. The friction wrists of the DMC plus hand and the i-LIMB Pulse
were used in full supination to perform the lateral objects
and zipper tasks of the SHAP (at T0 [baseline measurements with DMC plus hand] and T3). At T4, the patient
performed the same tasks in pronation with a pure lateral
grip, because he was more able to preposition this hand.
The effects of training are not easy to extract from a
single case study, but they are probably quite important.
When the patient received his first multiarticulated hand,
he received limited training because the therapist was not
familiar with the device. After he received the i-LIMB
Pulse, all novel possibilities were thoroughly explored to
tailor the features to the patient’s individual needs. The
patient received intensive, daily training during the first
month after delivery of the i-LIMB Pulse, which probably contributed to the high SHAP scores after 1 mo of
training and the stable scores over time.
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Table 3.
Visual analog scale (VAS) scores (0–10): patients’ judgments regarding characteristics (Char) of prosthetic hands and relevancy (Rel) of these
characteristics.

VAS
Power (none–much)
Look (ugly–beautiful)
Sound (noisy–quiet)
Tripod Grip (bad–good)
Reliability Holding Objects (low–high)
Robustness (vulnerable–solid)

DMC Plus
(T0*)
Char
10
5
5
5
7
9

Rel
10
5
5
8
10
10

i-LIMB (T1*)

i-LIMB (T2)

i-LIMB Pulse
(T3)

i-LIMB Pulse
(T4)

Char
6
9
6
8
10
6

Char
7
10
5
8
8
6

Char
8
8
7
8
9
8

Char
9
9
3
9
9
8

Rel
10
5
5
8
10
10

Rel
8
4
4
8
9
9

Rel
8
5
6
8
8
8

Rel
8
5
5
9
9
9

*DMC

plus and i-LIMB scores as revealed in our earlier study [1].
DMC = Dynamic Mode Control, T0 = baseline measurements with DMC plus hand, T1 = measurements after 1 mo of i-LIMB usage, T2 = measurements after 1 yr
of i-LIMB usage, T3 = measurements after 1 mo of i-LIMB Pulse usage, T4 = measurements after 5 mo of i-LIMB Pulse usage.

After 1 yr of i-LIMB use (T2), we did not find
improvements in patient satisfaction, adjustment to limitations, or ease in execution of daily tasks, as reflected in
TAPES and OPUS scores. Scores had even decreased
slightly. We believe that the initial scores with the i-LIMB
(T1) were relatively high because the patient put a lot of
effort into obtaining the i-LIMB, which may have colored
his judgment. We think that the scores became more realistic over the year of use. A further issue to consider is
whether technical decline of the i-LIMB contributed to
these results. Service maintenance was performed on the iLIMB hand 3 mo before the remeasurements at T2.
Although service maintenance just before remeasurements
should be preferred, the patient did not complain about any
functional deficits of the i-LIMB. As such, we do not
expect that technical degradation substantially influenced
our results. The increase of OPUS scores with the i-LIMB
Pulse stemmed from a real improvement in use of the prosthesis, which was also reflected in the positive remarks
that the user made during the conducting of the tests.
Strength, robustness, and the preset grip patterns
were clear improvements of the i-LIMB Pulse over the iLIMB hand, although the dynamometry scores were
highly variable, which was probably due to variations in
the way the handle was grasped over trials. A better indication of grip strength might have been achieved by averaging several measurements at each grip position of the
dynamometer. Furthermore, execution of daily tasks was
quicker with the i-LIMB Pulse. Additional innovations,
such as the preset grip patterns, were highly appreciated
and may be of great value to prosthesis users.

As such, we conclude that the second generation of
multiarticulated hands has gained functionality over the
first generation. The differences between the hands were
not substantial, but this was to be expected given that the
design of the two hands was very much alike.
If we compare the functionality of the i-LIMB Pulse
to the DMC plus hand [1], the power grip of the i-LIMB
Pulse equals the power grip of the DMC plus hand,
which was of great value to the prosthesis user. The pinch
grip of the i-LIMB Pulse has improved compared with
the i-LIMB, but is clearly lower than that of the DMC
plus hand. However, to avoid crushing delicate objects, a
modest pinch grip may be preferred over a powerful
pinch grip. Patient-rated satisfaction (TAPES), ease of
execution of daily tasks (OPUS), and myoelectric control
(ACMC) scores were more favorable for the i-LIMB
Pulse than the DMC plus hand. The i-LIMB Pulse scored
higher on the ACMC than the DMC plus hand because,
when using the i-LIMB Pulse, the patient showed better
adjustment of grip force, adjustment of the opening width
of the hand, timing, coordination with both hands, and
handling of delicate objects.

CONCLUSIONS
Within the limitations of a single case study, we conclude that the functionality of the i-LIMB hand improved
after 1 yr of usage and is comparable with the DMC plus
hand. This patient, who was an experienced singledegree-of-freedom hand user, needed exploration, training, and experience to achieve high functionality with the
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multiarticulated prosthetic hand. We also conclude that
the i-LIMB Pulse has overcome the i-LIMB hand’s shortcomings in terms of strength and robustness. The preset
grip patterns simplified the complex control of the multiarticulated i-LIMB hand, which also contributed to
patient satisfaction. Although multiarticulated prosthetic
hands still cannot replace sound hands, their development
seems to be a large step toward this ultimate goal.
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