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Objective: To gain experience with ‘Ness Handmaster Orthosis’ treatment in
chronic stroke patients, to identify suitable patients, and to study the effects
of treatment.
Design: Exploratory, uncontrolled trial with measurement of motor functions
and muscle tone of the upper extremity prior to, during, upon completion, and
six weeks after a treatment period.
Setting: A rehabilitation centre in the Netherlands.
Subjects: Eighteen chronic stroke patients (more than six months post
stroke), who exhibited upper extremity dysfunction due to spastic paresis.
Intervention: A 10-week therapy programme of functional electrical
stimulation by means of the ‘Ness Handmaster Orthosis’.
Results: The results of 15 patients were available for analysis. The
differences in motor score and muscle tone before and at the end of
treatment were statistically significant (p = 0.008 and 0.021, respectively). The
follow-up measurements showed that the effects on motor functions and
muscle tone decreased after therapy completion. Stratification of the patients
in two subgroups indicated that patients with initial high motor scores
benefited most during the intervention period.
Conclusion: The present study suggests that Handmaster treatment
possesses therapeutic opportunities in chronic stroke patients with spastic
paresis of the upper extremity.

niques are used nowadays to improve motor con-
trol.4 As soon as the motor impairments are sta-
ble, therapy is aimed at the development of
adaptive control strategies. The results of these
therapeutic regimens appear to be disappointing
in many cases, especially at the level of functional
abilities of the paretic upper extremity.2,3

In recent decades, functional electrical stimu-
lation (FES) has been applied in the management

Introduction

Motor impairments of the upper extremity con-
tribute substantially to functional disability after
stroke.1–3 A variety of neurofacilitatory tech-
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of upper extremity dysfunction after stroke. A
meta-analysis of four reported randomized con-
trolled trials of FES in chronic stroke patients
showed statistically significant favourable recov-
ery of muscle strength in the FES group com-
pared with no FES.5 Evidence of efficacy of FES
in acute stroke patients is evolving.6–8

Several commercially available systems pro-
viding FES have been developed. The Ness
Handmaster is such a system (NESS Ltd,
Raanana, Israel). The special construction of this
hybrid orthosis and electrical stimulation device
provides an instrument for both treatment at the
level of impairments (neuromuscular and articu-
lar properties) and disabilities (functional hand-
grip with stabilized wrist).9,10 The device is user
friendly in terms of side-effects, application and
operation. The continuous support of a therapist
is not necessary and patients can perform the
therapy at home, even during other activities.
However, clinical reports concerning the Ness
Handmaster are limited,9–11 and it is not clear
which chronic stroke patients benefit most from
this therapy. From this perspective, we conducted
an uncontrolled trial to gain experience with Ness
Handmaster treatment, to identify suitable
patients, and to study the effect of the treatment
on spastic paresis of the upper extremity.

Methods

Patient selection
All patients were recruited from an outpatient

population. Many were referred by general prac-
titioners and rehabilitation physicians. Several
patients visited our outpatient clinic on their own
initiative. About 35 patients were screened for
entry. Patients were included if they had had a
stroke more than six months ago, and if they
exhibited upper extremity dysfunction due to
spastic paresis, with muscle tone of 1 and higher
at the elbow as measured by the modified Ash-
worth Scale.12 Patients were included if they had
no hemineglect, no other severe cognitive
impairments, no severe sensory impairments, no
frozen shoulder, no contractures at the elbow and
wrist, and no shoulder–hand syndrome. Informed
consent was obtained from all participants.

Assessment
Motor functions and muscle tone were assessed

before treatment onset (t0), 4–6 weeks after
treatment onset (t1), upon completion of treat-
ment (t2), and six weeks after the treatment (t3).
Assessments were taken at regular controls at the
rehabilitation centre. Motor control was evalu-
ated by the Fugl-Meyer Motor Assessment
(FMA).13 Muscle tone at the elbow was assessed
by the modified Ashworth Scale. Additionally,
patients were asked to report any change in func-
tional abilities, muscle tone and changes other-
wise. Patients were also asked if they experienced
any negative treatment aspects. The therapy
compliance was assessed by a timer, which was
integrated in the control unit of the Handmaster.

Therapy
FES was administered by the Ness Handmas-

ter. It is a portable open-loop neuroprosthesis,
consisting of a microprocessor-based electrical
stimulation unit, incorporated in a spiral fore-
arm–wrist–hand splint, containing radial, dorsal
and volar surface electrodes. The stimulator
delivered constant voltage biphasic symmetrical
pulses (stimulation frequency 36 Hz, duty cycle
40%) in an interrupted mode of contraction and
relaxation, which generated movements at the
wrist, hand and fingers. Both amplitude and pulse
duration (0.1–0.5 ms) were adjusted to optimal
contraction and patients’ comfort. For further
technical notes, the reader is referred to the study
by IJzerman et al.10 Patients were scheduled in a
10-week stimulation programme. The first two
weeks were used for instruction and optimal fit-
ting and fine-tuning of the neuroprosthesis. In the
following eight weeks, patients worked out an
intensive stimulation programme at home, with
regular controls at the rehabilitation centre. Stim-
ulation started with three sessions of 20 minutes
per day, gradually increasing to 60 minutes. Any
other, concurrent therapy was continued.

Data analysis
Statistical analysis of differences in motor

scores and muscle tone between baseline (t0) and
the end of the stimulation period (t2) and
between t2 and the scores at six weeks follow-up
without FES (t3) was carried out using the
Wilcoxon’s matched pair rank test. 
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with higher scores (Table 1). The subgroup of
patients with initial high motor scores benefited
clearly more from Handmaster treatment.

As for the subjective assessment, functional
improvement was experienced by 10 patients, of
which four patients (all in the subgroup FMA
above 35) even noticed a remarkable improve-
ment of fine motor control. All patients reported
muscle tone reduction during the training period.
Furthermore, increased awareness of the affected
side, relief of shoulder pain and trophic changes
were experienced in several cases. Technical
problems (splint breakdown, loose contact), con-
siderable time investment and seldomly painful
stimulation were reported as negative aspects.
Therapy compliance, as measured by a timer in
the control box, indicated that all patients were
stimulated in accordance with prescription.

Discussion

The present study suggests that FES adminis-
tered by means of the Ness Handmaster pos-
sesses therapeutic opportunities in chronic stroke
patients with spastic paresis of the upper extrem-
ity. Increased motor function and reduction of
muscle tone were the observed effects during the
treatment period, especially in the subgroup of

Results

Eighteen patients were initially included in the
study: 10 males and 8 females. The mean age was
52.8 years (range 20–70), the mean time post
stroke was 4.9 years (range 0.75–18 years). Two
patients experienced no changes during the first
fitting and fine-tuning sessions and they left the
programme before treatment onset. Follow-up
measurements were not completed in another
patient due to a breakdown in communication
between researcher and therapist. Thus, the
results of 15 patients were available for analysis.
At t2 13 patients showed improved motor func-
tions, four of them even exhibited considerable
improvement. The median scores for motor func-
tions and muscle tone and their ranges at all
assessments are shown in Table 1. The differ-
ences in motor scores and muscle tone between
t(0) and t(2) were statistically significant (p =
0.008 and 0.021, respectively). After completion,
motor functions decreased and muscle tone
increased, the p-values for the differences
between t(2) and t(3) were 0.038 and 0.74,
respectively. 

Therapy efficacy seemed to be dependent on
initial motor scores. We therefore stratified our
patients into two subgroups, eight patients with
initial FMA scores below 35 and seven patients

Table 1 Median motor scores and median muscle tone with minimal and maximal values at all assessments

t0 t1 t2 t3

FMA median 27 23 25 26
(min–max) (8–54) (6–58) (10–64) (6–63)

Ashworth median 3 2 2 2
(min–max) (1–4) (0–4) (0–4) (0–4)

Subgroup 1 
FMA median 20 21 23.5 22
(min–max) (8–27) (6–23) (10–25) (6–26)

Ashworth median 3 2 2.5 2
(min–max) (2–4) (2–4) (1–4) (0–4)

Subgroup 2
FMA median 40 54.5 56 45
(min–max) (36–54) (36–58) (35–64) (39–63)

Ashworth median 2 2 1 2
(min–max) (1–4) (0–3) (0–3) (1–3)

FMA, Fugl-Meyer Motor Assessment.
Subgroup 1: initial Fugl-Meyer motor scores below 35 (8 patients).
Subgroup 2: initial Fugl-Meyer motor scores higher than 35 (7 patients).
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patients with relatively moderate motor deficits. 
Several methodological shortcomings impeded

our study. It was uncontrolled and there was no
blinding procedure; it cannot be concluded that
the positive results emerge from FES, or from
daily splint use, received attention from the ther-
apists or subjective assessment. Therefore, the
real value of therapeutic Handmaster use in rela-
tion to conventional therapy (including splint
therapy) or electromyogram-triggered neuromus-
cular stimulation needs to be explored further in
a randomized controlled trial. However, the first
results were promising and in the present study
chronic stroke patients could be identified, who
benefit most from Handmaster treatment. Hand-
master treatment is user friendly and can be per-
formed at home. Besides initial fitting and
fine-tuning, it demands no intensive support from
a therapist. There are no serious side-effects.
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Clinical messages

• The Ness Handmaster Orthosis is a hybrid
orthosis and electrical stimulation device. It
demands no intensive support of a therapist.

• Patients with initial high motor scores seem
to benefit more from Handmaster treatment
than patients with initial low motor scores.

• Further research is needed to evaluate the
real value of Handmaster treatment in
patients with spastic paresis of the upper
extremity.
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