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Abstract—This work explores the functional and psychosocial 
impact of the multigrip Michelangelo (M) prosthetic hand. 
Transradial myoelectric prosthesis users (6 men, median age: 
47 y) participated in a crossover longitudinal study. A multifac-
torial assessment protocol was applied before the application 
of M and after 3 mo (functional assessment) and 6 mo (psycho-
social assessment) of home use. Functional assessment 
included both practical tests (i.e., Southampton Hand Assess-
ment Procedure [SHAP], Box and Blocks Test [BBT], and 
Minnesota Manual Dexterity Test [MMDT]) and self-report 
functional scales. Psychosocial assessment consisted of a clini-
cal interview and a battery of self-report questionnaires con-
cerning current anxious-depressive symptoms and health-
related quality of life, body image concerns, adjustment and 
satisfaction with prosthesis, social support, coping style, and 
personality. Increased manual dexterity was observed after 3 mo
based on improvements in the SHAP, BBT, and MMDT. Two 
important themes emerged from the clinical interviews at the 
6 mo follow-up: (1) the enhanced functionality and (2) the 
“like a real hand” aspect of the M, which further increased 
prosthesis integration to the Self. A few patients expressed 
concerns about M dimension, noise, and weight. The M 
appeared to restore hand function and natural appearance. The 
present findings provide preliminary evidence, and additional 
studies are needed.

Key words: amputation, crossover study, functional assess-
ment, longitudinal design, manual dexterity, multidisciplinary 
approach, prosthesis, psychosocial assessment, technology 
assessment, upper limb.

INTRODUCTION

Over the past 8 yr, new myoelectrically controlled, 
multi-articulated hands have become available that allow 
human-like movements and improved grasping capabili-
ties compared with traditional tridigital (TD) myoelectric 
devices [1–2]. As such, they can potentially address both 
functional [3] and cosmetic [4] user needs and have positive 
psychosocial implications [5–9]. However, the actual 
impact of these technologies on patients’ lives has been 
documented in only two case reports [10–11]. The question 
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remains whether advanced devices may be more suited 
for some people with amputation and less for others 
based on underlying patient characteristics [12–15].

The aim of the present study is to provide prelimi-
nary evidence of the potential benefits of the new “hand-
wrist system” Michelangelo (M) (Ottobock Healthcare 
Products GmbH; Vienna, Austria) in comparison with 
traditional myoelectric solutions in a sample of partici-
pants with transradial amputation. Both functional and 
psychosocial outcomes were assessed [16]. Specifically, 
we hypothesized increased manual dexterity and easier 
execution of activities of daily living (ADLs) along with 
improvements in social interactions and greater prosthe-
sis satisfaction.

METHODS

Participants
Six participants with upper-limb amputation referred 

to the same prosthetic center of the Italian Workers’ 
Compensation Authority (INAIL Prosthetic Center, Vig-
orso di Budrio, Bologna, Italy) participated in this study. 
All participants were male, had a work-related traumatic 
amputation at the transradial level, and met the inclusion 
criteria reported in Table 1 (pseudonyms were used to 
protect subject identities). Participant median age was 47 yr
(range: 35–65 yr), and the median time since amputation 
was 15 yr (range: 4.5–48.0 yr). Most participants had a 
high school education (83.3%) and were married or lived 
with a partner (66.7%). Three reported phantom limb 

sensation and pain experiences that did not, however, 
affect prosthesis use. All participants used their prosthe-
sis for >8 h/d.

Prosthetic Device
The M is a multi-articulated hand-wrist system. It 

uses standard myoelectric control, typically through two 
electrodes that capture the contraction of the forearm 
muscles. Because of the particular finger alignment and 
the motorized thumb, the M can perform seven grasping 
patterns and hand positions (Figure 1). With the thumb 
in opposition, the M can realize an opposition power grip 
and a tripod pinch with the index and middle fingers. 
When the thumb moves into abduction, the M can realize 
a lateral power grip and a lateral pinch with respect to the 
index finger. The fingers can be fully extended to reach 
an open palm position (e.g., for holding a plate). In addi-
tion, during opening and closing, fingers move into 
abduction-adduction; this feature can be exploited to hold 
flat objects, e.g., grasping a paper or collecting multiple 
glasses at once. The hand can also assume a neutral posi-
tion similar to the attitude of the hand when relaxed 
alongside the body; the hand returns automatically to this 
position when inactive for a fixed amount of time.

The M is a hand-wrist system because the hand is
proximally connected to a passive joint replicating wrist 
flexion-extension and pronation-supination; the wrist flex-
ion-extension can be either locked in eight different angles 
or be used in the full range of motion against the resistance 
of a spring that resets the wrist to the 

Pseudonym Age (yr) Amputation 
Side

Dominant
 Hand

Time Since 
Amputation (yr) Employment Marital Status

Stefano 42 R R 4 Unemployed Lives with 
Partner

Fabio 53 R R 35 Office Worker Divorced

Guido 35 R R 10 Unemployed Single

Francesco 65 L R 48 Retired Married

Paolo 43 L R 20 Businessman Married

Alberto 51 L R 8 Office Worker Married

neutral position.

Table 1.
Characteristics of selected sample. Inclusion criteria include aged 18 to 65 yr (active workers), active prosthetic user (based on usual wear of 
gloves returned to INAIL Prosthetic Center), work-related unilateral transradial amputation with preserved function of contralateral limb, 
stabilized residual limb, presence of at least one usable electromyography signal, ability to suspend work activity for period of occupational 
therapy and testing, and ability to travel to and stay at INAIL Prosthetic Center.

L = left, R = right.
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The first commercial version of the M (2013) was fit-
ted to all patients.

Study Design and Procedure
A multifactorial assessment protocol was applied to 

assess the functional and psychosocial effect of the M 
(Figure 2). The functional assessment consisted of a 
series of practical tests and self-report functional scales; 
practical tests were performed with the standard TD 
myoeletric hand (Ottobock Healthcare Products GmbH) 
of each patient, the intact hand, and the M. The psycho-
social assessment consisted of a clinical interview and 
a battery of self-report questionnaires.

As illustrated in Figure 2, data were collected before 
M fitting to establish a baseline (T0). After provision of 
the new system and completion of the specific 5 d of 
occupational therapy, patients performed functional 
assessments at the 3 mo follow-up (T1) and psychosocial 
assessments at the 6 mo follow-up (T2). Since the study 
protocol was time-consuming and potentially tiring for 

the participants, the different distribution of functional 
and psychological assessments allowed for reducing the 
related burden. To monitor the use of M in daily life, the 
number of opening and closing cycles at T1 and T2 for 
the lateral and opposition grip was extracted from the 
system’s internal memory.

Data collection was approved by the Institutional 
Review Board of INAIL Prosthesis Center. Informed 
written consent was obtained at the beginning of the 
study and reviewed verbally before each assessment.

Prosthesis Preparation and Occupational Therapy
For each patient, a new prosthesis was built due to 

incompatibility of the new Axon-Bus Prosthetic System 
(Ottobock Healthcare Products GmbH) with the standard 
quick disconnect. However, the socket was a copy of the 
one used for the TD, incorporating the same type of elec-
trodes (13E200, Ottobock Healthcare Products GmbH). 
The M control system (Axon Master, Ottobock Health-
care Products GmbH) was customized for each subject 

Figure 1.
Gripping patterns of Michelangelo prosthetic hand. This image was previously published in Cutti et al. [11] and is used with permis-

sion from Ottobock Healthcare Products GmbH (Vienna, Austria).
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with adjustments at time of fitting and during the occupa-
tional therapy. Cocontraction was set as the 

Figure 2.
Study design. Portions of this image were previously published in Cutti et al. [11] and are used with permission from Ottobock Health-

care Products GmbH (Vienna, Austria). ABIS = Amputee Body Image Scale; BBT = Box and Blocks Test; CISS = Coping Inventory for 

Stressful Situations; DASH = Disabilities of the Arm, Shoulder, and Hand; EPQR-SF = Eysenck Personality Questionnaire Revisited-

Short Form; EQ-5D = EuroQoL Questionnaire; HADS = Hospital Anxiety Depression Scale; M = Michelangelo prosthetic hand; MMDT =

Minnesota Manual Dexterity Test; MSPSS = Multidimensional Scale Perceived Social Support; OPUS = Orthotics and Prosthetics User 

Survey; SHAP = Southampton Hand Assessment Procedure; TAPES = Trinity Amputation and Prosthesis Experience Scales.

switching 
strategy between grips, with lateral set as default at 
device switch-on.

Occupational therapy was performed on a daily basis 
for about 4 h/d for 5 d and consisted of three main phases:
1. Base control: Training on hand opening, closing, and 

switching between grips with the arm in different posi-
tions in space. Special attention was paid to the lateral 
and neutral modes. Moreover, we verified patients’ 
ability to successfully switch between grips with a suc-
cess rate of at least 90 percent.

2. Repetitive drills: Simple manipulation tasks with 
objects of different weights and sizes in different posi-
tions and heights relative to the patient. Special atten-
tion was paid in exploiting the flexible wrist 
(Appendix 1, available online only).

3. ADLs: Execution of ADLs of interest to the partici-
pants with special attention paid to bimanual activities 
and exploitation of M grips (Appendixes 2 and 3, 
available online only).

Measures

Functional Assessment
Practical tests were completed at both T0 and T1. 

Specifically, participants completed the Southampton 
Hand Assessment Procedure (SHAP) [17], Box and 
Blocks Test (BBT) [18], and Minnesota Manual Dexter-
ity Test (MMDT) [19] with both the prosthetic and intact 
hands (Table 2). The SHAP was assumed to be the pri-
mary hand functionality outcome.

Patients also completed the Disabilities of the Arm, 
Shoulder, and Hand (DASH) [20] at T0 and T1. The 

https://youtu.be/83rxy22wkJ0
https://youtu.be/hG35rIXzsxs
https://youtu.be/LWgQEGmbTM4
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Table 2. 
Description of outcome measures.

Measure Measure Materials, Task, 
and Description Score Interpretation

Functional Assessment
Hand Dexterity SHAP SHAP kit. Participants per-

formed 12 abstract object tasks 
and 14 ADLs.

Time (in seconds) of each 
task is used as input for 
Web-based scoring chart 
that returns overall IoF.

IoF scores between 95 
and 100 are for nondis-
abled hands.

Gross Arm/Hand 
Dexterity

BBT Rectangular box divided into 
two compartments that contain 
wooden blocks. Participants 
moved blocks from one com-
partment to other.

Number of blocks moved 
within 1 min.

Higher score = higher 
functionality.

Gross Arm/Hand 
Dexterity

MMDT 60 round pegs and punched-out 
sheet. Participants placed round 
pegs into holes of sheet.

Time (in seconds). Higher score = lower 
functionality.

UL Physical 
Function in ADL

DASH Participants completed 30-item 
self-report questionnaire with 5-
point response scale that mea-
sures UL physical function 
regardless of arm used.

From 0 to 100 (raw score 
[sum] 30/1.2).

Higher score = lower 
functionality.

UL Physical 
Function in ADL

OPUS-UEFS Participants completed 23-item 
self-report questionnaire with 5-
point response scale that mea-
sures ease of execution of 
ADLs.

From 0 to 100 (Resnick 
and Borgia method), per-
centage of ADLs per-
formed with prosthesis.

Higher score = lower 
functionality.

Psychological Assessment
Anxiety and 
Depression

HADS Participants completed 14-item 
self-report questionnaire with 4-
point response scale that aims to 
recognize anxiety (7-item Anxi-
ety Scale) and depression (7-
item Depression Scale) in medi-
cal patients.

From 0 to 21 for each 
scale (raw score [sum]; 
cutoff 8).

Higher score = more 
symptoms.

Health-Related 
QoL

EuroQoL 
Questionnaire

Participants completed 5 items 
(mobility, self-care, usual activ-
ities, pain and discomfort, and 
anxiety and depression) with 3-
point response scale (IDX); 
VAS to rate perceived health 
status.

IDX = 0–1; VAS = 0–
100.

Higher score = higher 
QoL.

Body Image 
Concerns

ABIS Participants completed 20-item 
self-report questionnaire with 5-
point response scale specifically 
developed to investigate body 
image concerns in persons with 
amputation.

From 20 to 100 (raw 
score [sum]).

Higher score = more 
concerns.
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Orthotics and Prosthetics User Survey-Upper Extremity 
Functional Status module (OPUS-UEFS) [21] was 
administered only at T1 and asks participants to sepa-
rately complete the same form about the TD and M; the 
sequence was balanced within the sample. In the present 
study, we used the Resnick and Borgia scoring method, 
calculating person-level summary scores [22].

Psychosocial Assessment
A clinical interview was conducted and a battery of 

self-report questionnaires was administered both at T0 

and T2. All interviews were audiotaped and transcribed 
verbatim. The ideographic case study approach of the 
Interpretative Phenomenological Analysis (IPA) was 
applied for a qualitative analysis of the content [23]. 
Even if preordained lists of questions are not typically 
adopted for IPA case studies, an interview schedule was 
defined in order to cover the main aspects of the partici-
pants’ amputation and prosthesis experiences. The schedule
was used as a flexible guide but did not restrict the direc-
tion of discussions or resultant themes. The interviewer 
was a clinical psychologist with no visible disabilities. 

Measure Measure Materials, Task, 
and Description Score Interpretation

Adjustment to 
Prosthesis

TAPES Participants completed multidi-
mensional self-report measure 
specifically developed to inves-
tigate postamputation adjust-
ment: 4 psychosocial scales 
(TAPES1), 4 activity-restric-
tion scales (TAPES2), and 1 
prosthesis satisfaction scale 
(TAPES3).

TAPES1: General Adjust-
ment = 3–15, Social 
Adjustment = 4–20, 
Adjustment to Limitation = 
5–25, Optimal Adjust-
ment = 2–10; TAPES2: 
Athletic Activity Restric-
tion = 0–6, Social 
Restriction = 0–4, Occu-
pational Restriction = 0–
4, Mobility Restriction = 
0–10; TAPES3: 10–50 
(raw score [sum]).

TAPES1: higher score = 
higher psychosocial 
adjustment; TAPES2: 
lower score = lower activ-
ity restriction; TAPES3: 
higher score = higher 
prosthesis satisfaction.

Perceived Social 
Support

MSPSS Participants completed 12-item 
self-report questionnaire with 7-
point response scale with 3 
scales: family, friends, and sig-
nificant other.

From 4 to 28 for each 
scale (score [sum]).

Higher score = higher 
perceived support.

Coping CISS Participants completed 48-item 
self-report questionnaire with 5-
point response scale with 3 
scales: task, emotion, and 
avoidance-oriented coping.

Raw scores (sum) trans-
formed into T scores 
(mean of general popula-
tion = 50).

Higher score = higher 
levels of coping ability.

Personality EPQR-SF Participants completed 48-item 
self-report questionnaire with 
dichotomy answer that mea-
sures 3 dimensions of personal-
ity (Psychoticism, Extraversion, 
and Neuroticism [with Lie 
scale]).

Raw scores (sum) trans-
formed into T scores 
(mean of general popula-
tion = 50).

Higher score = higher 
levels of personality 
dimension.

ABIS = Amputee Body Image Scale; ADL = activity of daily living; BBT = Box and Blocks Test; CISS = Coping Inventory for Stressful Situations; DASH = Dis-
abilities of the Arm, Shoulder, and Hand; EPQR-SF = Eysenck Personality Questionnaire Revisited-Short Form; HADS = Hospital Anxiety Depression Scale; IDX =
summary index; IoF = Index of Functionality; MMDT = Minnesota Manual Dexterity Test; MSPSS = Multidimensional Scale Perceived Social Support; OPUS-
UEFS = Orthotics and Prosthetics User Survey-Upper Extremity Functional Status module; QoL = quality of life; SHAP = Southampton Hand Assessment Proce-
dure; TAPES = Trinity Amputation and Prosthesis Experience Scales; UL = upper limb; VAS = visual analog scale.

Table 2. (cont)
Description of outcome measures.
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The duration of the interviews varied but generally lasted 
about 50 min.

The battery of questionnaires assessed different 
aspects of the participants’ psychological functioning, 
such as current anxious-depressive symptoms (i.e., Hos-
pital Anxiety and Depression Scale [HADS]) [24–25], 
health-related quality of life (i.e., EuroQoL Question-
naire, 5 Dimensions) [26], perceived social support (i.e., 
Multidimensional Scale Perceived Social Support 
[MSPSS]) [27–28], coping styles (Coping Inventory for 
Stressful Situations [CISS]) [29], and personality charac-
teristics (Eysenck Personality Questionnaire Revisited-
Short Form [EPQR-SF]) [30]. For a detailed description 
of administered questionnaires, refer to Table 2.

Moreover, participants completed the Amputee Body 
Image Scale (ABIS) [31–32] and the Trinity Amputation 
and Prosthesis Experience Scales (TAPES)-Upper Limb 
Version [33–35] to investigate body image concerns and 
adjustment to the prosthesis (Table 2). Although 
designed for people with lower-limb amputation, these 
scales have also been applied on samples of people with 
upper-limb amputation [8,34]. Italian versions were 
obtained through the back-translation method. Some of 
the ABIS items that refer to the lower limb were 
rephrased for upper-limb amputation, e.g., “I avoid wear-
ing shorts in public because my prosthesis would be 
seen” became “I avoid wearing T-shirts [. . .].”

Lastly, note that the MSPSS, CISS, and EPQR-SF 
were only administered at T0 because they address stable 
variables (i.e., perceived social support, coping, and per-
sonality characteristics).

RESULTS

Four out of six participants experienced at least one 
temporary device failure of M over the study period. T1 
(i.e., functional assessment) was completed, on median, 
after 99 d (range: 94–101 d) of effective home use; T2 
was accomplished after 200 d (range: 181–225 d).

Monitoring of Michelangelo Home Use
At T1, activity monitoring data downloaded from the 

M showed that the median number of opening and clos-
ing cycles was 32,330 (range: 20,143–42,844), with one 
noticeable exception represented by subject Guido, who 
reached 218,948 cycles. Five out of six patients showed a 
clear preference toward the lateral grip for more than 
73 percent of cycles (Table 3).

At T2, the median number of cycles reached 54,012 
(range: 38,705–83,479), with a peak for subject Guido of 
435,208 cycles. The ratio of lateral to opposition grips 
slightly increased to 77 percent (Table 3).

Projections to a full 1 yr of use without failures, 
based on a linear model, shows that the minimum num-
ber of cycles would be 75,000 with a median of 130,000 
and a maximum of 790,000.

Functional Assessment
Figure 3 shows the results for the functional assess-

ment (see Appendix 4, available online only, for numerical
values). The Index of Functionality of the SHAP was higher 
at T1 than at T0 (Wilcoxon test, p < 0.05). Significant 
improvements were observed in the BBT; four partici-
pants increased the number of blocks carried over the 
partition over the minimum detectable change (MDC90
6.46) [22]. Statistically significant changes resulted for 
the MMDT; all patients decreased their time in complet-
ing the task (Wilcoxon test, p < 0.05). A better perfor-
mance was obtained with the intact hand compared with 
both TD and M.

The self-report measures broadly confirmed the high 
functional capacity of the sample. Patients showed low 
DASH scores in all assessments, with values always lower 
than 26 points; differences between assessments remained 
always smaller than the MDC90 (10.7 points) [22].

With respect to the OPUS-UEFS, an easier execution 
of ADLs with M was reported at T2 by five out of six 
participants (from 0.48 to 8.86 points). Noticeably, the 

Table 3.
Activity monitoring (opening and closing cycles count) at 3 mo (T1) and 6 mo (T2) follow-ups.

Activity 
Monitoring

Stefano Fabio Guido Francesco Paolo Alberto
T1 T2 T1 T2 T1 T2 T1 T2 T1 T2 T1 T2

No. of Cycles 20,143 38,705 32,330 55,892 218,948 435,208 37,485 52,189 42,844 83,479 29,387 39,794

No. of Lateral 
Cycles

15,429 32,607 22,553 42,905 130,212 275,952 32,295 44,846 31,670 59,408 8,066 10,172

Lateral (%) 77 84 70 77 59 63 86 86 74 71 27 26
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only patient with an increase in perceived difficulty with 
M (Fabio) was the one who more intensively complained 
about the reliability of the M. 

Figure 3.
Results of functional tests. Three diagrams report results for func-

tional tests for each subject and median values of group: (a) Box 

and Blocks Test (BBT), (b) Minnesota Manual Dexterity Test 

(MMDT), and (c) Southampton Hand Assessment Procedure 

(SHAP). Functional improvement is associated with more blocks 

(BBT), less seconds (MMDT), and higher Index of Functionality 

(SHAP). T0 = baseline, T1 = 3 mo follow-up. M = Michelangelo 

prosthetic hand, TD = tridigital prosthetic hand.

On the contrary, the patient 
with the largest improvement (Paolo) never experienced 
any failure and showed a high count of opening and clos-
ing cycles (42,844 at T1). On average, the participants 
used the TD and M for more than 80 percent of the listed 
activities. Again, Paolo reported the greatest change in 
the number of activities completed with the M (11 addi-
tional activities).

Psychosocial Assessment
The qualitative analysis of the interviews allowed 

identifying recurrent themes across assessment time 
points. Extracts of transcripts (examples) are reported in 
Appendix 5 (available online only); the scores of the 
self-report questionnaires are reported in Table 4 and
Appendix 6 (available online only).

Specifically, at T0 the following themes and related 
subthemes emerged:
1. Amputation as a change of life.
2. Factors facilitating adjustment.

a. Beginning to use the prosthesis.
b. Support by others.

3. Having an artificial limb.
a. How does a prosthesis have to be?
b. The prosthesis is essential.
Regarding themes 1 and 2, participants perceived 

their amputation as a change of life. Despite the initial 
effect (e.g., relevant anxious-depressive symptoms), they 
seemed to have successfully overcome the amputation-
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Measure 
(Range and/or Cutoff)

Median (Min–Max) InterpretationT0 T2
HADS (range: 0–21; cut-off: 
8)

Higher score = more symptoms

   Anxiety 2.0 (0–7) 2.0 (0–9)
   Depression 2.5 (1–5) 3.5 (0–6)
EuroQoL Questionnaire Higher score = higher QoL
   IDX (range: 0–1) 0.901 (0.796–0.919) 0.858 (0.539–0.919)
   VAS (range: 0–100) 87.5 (70–100) 90.0 (70–100)
ABIS (range: 20–100) 34.0 (33–48) 36.0 (33–50) Higher score = more body 

image concerns
TAPES Psychosocial 
Adjustment

Higher score = higher psycho-
social adjustment

   General Adjustment 
(range: 3–15)

14.5 (12–15) 15.0 (12–15)

   Social Restriction 
(range: 4–20)

20.0 (16–20) 18.0 (16–20)

   Adjustment to Limitation 
(range: 5–25)

20.0 (16–25) 21.5 (14–25)

   Optimal Adjustment 
(range: 2–10)

9.5 (8–10) 9.5 (8–10)

TAPES Activity Restriction Lower score = lower activity 
restriction   Athletic Activity Restriction 

(range: 0–6)
1.5 (0–2) 0.5 (0–3)

   Social Restriction 
(range: 0–4)

0.0 (0–0) 0.0 (0–0)

   Mobility Restriction 
(range: 0–10)

0.0 (0–0) 0.0 (0–1)

   Occupational Restriction 
(range: 0–4)

0.0 (0–0) 0.0 (0–2)

TAPES Prosthesis Satisfac-
tion (range: 10–50)

43 (35–45) 43 (27–46) Higher score = higher prosthe-
sis satisfaction

MSPSS (range: 4–28) Higher score = higher per-
ceived support   Family 28.0 (24–28) —

   Friends 25.5 (23–28) —
   Significant Other 27.0 (24–28) —

CISS* Higher score = higher levels of 
coping ability   Task-Oriented 61.0 (56–69) —

   Emotion-Oriented 48.0 (32–56) —
   Avoidance-Oriented 49.0 (41–56) —

EPQR-SF* Higher score = higher levels of 
personality dimension   Psychoticism 48.0 (42–54) —

   Extraversion 57.5 (36–61) —
   Neuroticism 41.5 (40–53) —
   Lie 68.0 (59–70) —

Table 4.
Patient scores on self-report measures of psychological assessment. Individual patient scores are available in Appendix 6 (available online only).

*T scores are reported (50 = mean of general population).
ABIS = Amputee Body Image Scale, CISS = Coping Inventory for Stressful Situations, EPQR-SF = Eysenck Personality Questionnaire Revisited-Short Form, 
HADS = Hospital Anxiety Depression Scale, IDX = summary index, Max = maximum, Min = minimum, MSPSS = Multidimensional Scale Perceived Social Sup-
port, QoL = quality of life, T0 = baseline, T2 = 6 mo follow-up, TAPES = Trinity Amputation and Prosthesis Experience Scales, VAS = visual analog scale.
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related challenges. A sense of recovery was often 
reported when describing the beginning of prosthesis use; 
acceptance and support from family and friends were 
also identified to be of particular importance in adjusting 
to the amputation and to overcoming the initial social
isolation.

With respect to the prosthesis (theme 3), most of the 
participants stressed their need for functionality; “It [the 
prosthesis] has to work” (Guido). However, more profound 
personal meanings also emerged. For example, the pros-
thesis allowed for participation in social activities (e.g., 
playing cards with friends). Importantly, the prosthesis is 
referred to as “essential”; participants often stated “I do 
everything with the prosthesis” and “I don’t see myself 
without it.” The prosthesis seemed to be experienced not 
merely as a thing or tool that allows participants to per-
form ADLs but as a part of the user. Of note, two partici-
pants reported a correspondence between phantom limb 
and prosthesis movements, which “helped” them to use 
the device.

Self-report questionnaires addressed both stable user-
related variables (i.e., social support, coping, personality) 
and variables sensitive to intervention (i.e., depression and
anxiety, quality of life, prosthesis satisfaction) (Table 4). 
Regarding the stable variables, participants shared similar 
psychological characteristics. They reported high levels of 
social support (high MSPSS scores), especially from 
family and friends. They also showed a prevalent task-
oriented coping style (high CISS task-oriented scale 
scores), generally adopting practical strategies to face 
difficulties in life and focusing on concrete aspects of 
problems. Along with high scores on the CISS task-
oriented scale, high scores on the EPQR-SF lie scale 
were found. These findings, taken together, seem to 
reflect the pragmatic way in which participants faced 
their amputation and related to their prosthesis. Indeed, 
although opened to multiple interpretations, EPQR-SF lie 
scale scores may reflect not only a mere social acquies-
cence or conformity but also a sort of lack of insight 
(individual’s tendency to think and behave in concrete 
terms) [36]. Regarding the variables sensitive to interven-
tion, no relevant anxious-depressive symptoms were 
observed; HADS scores were below the mostly used cutoff
value (i.e., 8). High levels of health-related quality
of life were also reported (visual analog scale scores 
were generally >80). No relevant body image concerns 
were observed (i.e., low ABIS scores); all participants were 

highly adjusted and satisfied with the TD (i.e., high 
TAPES scores).

At T2, although no significant differences were 
observed in the self-report measures (Wilcoxon tests, p > 
0.05), interview transcripts showed important changes in 
the participants’ personal experiences with the M. Two 
main themes were identified:
1. Enhanced functionality in everyday life.
2. Like a real hand—Natural gestures and postures.

a. The M is less noticeable.
b. The M helps in social interactions.
In detail, the majority of participants appeared glob-

ally satisfied with the M; Appendix 5 (available online 
only) notes specific issues raised using the M. All partici-
pants highlighted the enhanced functionality in perform-
ing ADLs. Although they stressed functionality over 
cosmetics, they seemed to appreciate the natural aspect of 
the M. In particular, the M allowed them to assume more 
natural gestures and postures, reducing the difference
from others and facilitating a normal appearance. The 
social role of the prosthesis became apparent; for exam-
ple, a participant started to shake hands with the prosthe-
sis. In other words, the M expanded the range of 
activities relevant to the Self in various contexts (e.g., in 
performing tasks at work, in interacting with family and 
friends). The prosthesis seemed to become an integral part
of the user: “It completes me.” However, unaddressed 
needs emerged about (1) dimension (Francesco, Alberto), 
(2) noise (Fabio, Guido, Francesco), and (3) weight
(Stefano, Fabio, Alberto). Those who experienced a tem-
porary failure also complained about the reliability of the 
device (in particular, Fabio and Francesco).

DISCUSSION

By adopting an original multidisciplinary approach, 
this crossover longitudinal study provides preliminary 
evidence on the functional and psychosocial effect of the 
M, an innovative multigrip myoelectric hand.

Increased manual dexterity was observed after 3 mo 
of using the M based on improvements in SHAP, BBT, 
and MMDT scores. In a sample of highly functional par-
ticipants (worst case DASH: 26), five out of six subjects 
improved in the perceived difficulty of ADLs with the M 
(OPUS-UEFS), with best results in those participants 
experiencing less failures, possibly because of the 
increased confidence in the new device.
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Based on the psychosocial assessment, the M seemed 
to restore hand function and cosmetic appearance. 
Although no changes were detected in the self-report 
measures, two main themes emerged from the clinical 
interviews at T2: (1) the enhanced functionality and
(2) the “like a real hand” aspect of the M, which further 
increases the integration of the prosthesis to the Self. The 
M extended the potential of participants, allowing them 
to fulfill activities relevant for the self. A few participants 
also identified main elements for further development of 
the M: dimension, noise, weight, and reliability. Regard-
ing this last aspect, note that the first commercial version 
of the device was used; given the importance of this fea-
ture, a recall of all participants took place 6 mo after the 
end of the study to verify the condition of the devices. 
None of them reported further failures. Reliability 
appears to be a fundamental feature to monitor in the new 
generation of multifunctional hands.

Aside from the main results, other relevant findings 
emerged. First, monitoring the actual number of opening 
and closing cycles confirmed that participants actively 
used the M at home, reaching a projected annual use of 
more than 100,000 cycles. This is, to our knowledge, the 
first time that the cycle count has been documented for an 
upper-limb prosthesis during home use over an extended 
time period. As such, these data can provide useful infor-
mation for device development and maintenance. The 
cycle count also provided evidence of the striking prefer-
ence of participants for the lateral grip, which further 
increased from T1 to T2 to finally reach 77 percent, high-
lighting the importance of including a lateral grip in the 
grip types of multifunctional hands. At T1 and T2, we 
verbally asked which was the participant’s preferred grip, 
and five out of six confirmed that it was the lateral (with 
the exception of Alberto). Even though participants were 
proficient in grip switching, in a further study it would be 
interesting to repeat the activity monitoring after impos-
ing opposition as the default grip at prosthesis switch-on. 
Interestingly, the M lateral grip is substantially different 
from that of the iLimb Hand (TouchBionics; Livingston, 
United Kingdom), because the thumb of the M closes on 
the distal part of the index finger and not near the knuck-
les. Device-specific evaluations are therefore needed for 
each prosthetic hand.

Second, common psychosocial characteristics were 
identified among this group of highly functional partici-
pants. Based on the clinical interviews and self-report 
questionnaires, participants showed no relevant anxious-

depressive symptoms, exhibited a positive attitude to life, 
and adopted a practical approach to life-challenging 
experiences. Moreover, they reported high levels of 
social support. Task-oriented coping strategies were pre-
viously associated with lower levels of anxious-depressive
symptoms [5,37], and perceived social support has been 
found to predict a positive adjustment to amputation [38–
40]. This study also considers different aspect of person-
ality; although there is insufficient knowledge concern-
ing the traits assessed by the EPQR-SF lie scale [36], the 
participants’ high scores on this scale seem to reflect the 
practical way in which they coped with limb loss.

Third, as highlighted in previous studies, having a 
prosthesis appears to reduce the distance between current 
and former selves and to minimize the perceived differ-
ence from others [9,41]. In particular, with its normal
appearance, the M seemed to facilitate social interac-
tions. For instance, it allowed constituted social manners 
(i.e., shaking hands with the dominant arm) [42]. More-
over, as functionally useful and cosmetically acceptable, 
the myoelectric hand seemed to have become part of the 
user. Thus, embodiment was found to occur [43]; i.e., the 
prosthesis was viewed not merely as a functional tool but 
also as an essential part of the Self. The human-like fea-
tures of the M the further expanded this embodied form.

While phantom limb pain can severely affect pros-
thesis control [16], this was not the case for the selected 
sample based on participant reports. In particular, note 
that two of the participants, despite the painful sensation, 
reported that the coincidence of phantom limb move-
ments with prosthesis movements helped them to better 
control the artificial hand. This confirmed previous find-
ings available in the literature [44].

The current study provides preliminary evidence on 
the potential functional and psychosocial benefits of the 
M, considering a group of six participants with amputa-
tion, all active users of standard (TD) myoelectric pros-
theses. Increasing the sample size would be important to 
strengthen the conclusions and to develop a multifacto-
rial predictive model of successful prosthetic fitting, tar-
geted to multifunctional hands. For this purpose, it will 
be important to extend the assessment to participants of 
both sexes and possibly include first-time myoelectric 
prosthesis users. Last, crossover should be randomized in 
future studies to control potential confounding variables 
(e.g., effects of practice in functional tests).
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CONCLUSIONS

Amputation- and prosthetic-related factors, along 
with psychological factors (e.g., patient coping strategies, 
attitude, expectations) and social factors (i.e., support of 
family and friends, reactions of others), need to be 
screened in the prosthesis fitting process [45]. The pres-
ent study shows that the M is effective in improving the 
functional ability and in easing the social interaction of 
previous active users of a myoelectric prosthesis.
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