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Objectives: To investigate the effect of the addition of 
a dynamic hand orthosis to unilateral task-oriented 
training in early subacute stroke.
Design: Pilot randomized trial with concealed allo-
cation, measurer blinding, and intention-to-treat 
analysis.
Setting: Rehabilitation hospital.
Participants: Thirty subacute stroke patients with 
moderate-to-severe upper limb disability.
Intervention: All participants received 4 weeks (60 min 
per day, 5 days a week) of unilateral task-oriented 
training. The experimental group (n = 15) wore a 
dynamic hand orthosis during half of the training time 
(i.e. 30 min per day).
Outcome measures: Primary outcome was the upper 
limb activity measured using the Action Research 
Arm Test (ARAT) measured at baseline and 4 weeks. 
Secondary outcomes were the Nine-hole Peg Test, 
Fugl-Meyer Assessment for upper extremity, grip 
strength, modified Ashworth Scale, Barthel Index and 
EuroQol-5D.
Results: No difference between groups was found for 
the primary outcome ARAT (mean difference 4/57, 
95% confidence interval (95% CI) –5 to 13) nor for 
any secondary outcome. 
Conclusion: No additional benefit was found of wea-
ring a dynamic hand orthosis during unilateral task-
oriented training in the early subacute period.
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Approximately two-thirds of persons after stroke have 
upper limb limitation, and half of them will remain 

disabled with regard to arm-hand performance 3 months 
after onset (1, 2). Reduced upper limb capacity is known to 

LAY ABSTRACT
Dynamic hand orthosis may help upper limb recovery by 
optimizing the wrist and hand position. The aim of this 
study was to investigate the effect of the addition of a 
dynamic hand orthosis to real-life task practice in early 
subacute stroke. A total of 30 stroke patients with upper 
limb disability were recruited to the study. All participants 
received 4 weeks (60 min per day, 5 days a week) of 
training. Fifteen participants wore a dynamic hand ortho-
sis during half the training time (i.e. 30 min per day). No 
additional benefit of wearing a dynamic hand orthosis, in 
terms of upper limb impairments, activity, or participa-
tion, was found.

be associated with dependence in activities of daily living, 
restricted participation and diminished quality of life (3–5). 
Despite the frequency, upper limb interventions used 
within routine clinical practice are diverse and provide an 
ongoing challenge for clinicians and persons after stroke.

A systematic review of the research shows no high-
quality evidence related to the effectiveness of any 
interventions in improving upper limb function (6). 
Nevertheless, Pollock et al. have indicated that a relati-
vely high dose of repetitive task practice of more than 20 
h may be effective, and unilateral arm training could be 
more beneficial than bilateral arm training. Recent stu-
dies, in addition, suggested that varying schedule or doses 
might lead to a different response to task-oriented training 
at several key clinical time-points post-stroke (7–9). The 
Stroke Recovery and Rehabilitation Roundtable recom-
mended the time from the first week until the first month 
post-stroke to be considered a critical window for brain 
repair processes and a target for recovery trials (10). 
Early subacute period is defined as 7 days–3 months post-
stroke, while the period from 3 months until 6 months 
post-stroke is the late subacute period. 

In the last decades, interest in task-oriented pro-
gramme involving the use of technology and/or assistive 
devices has been developed for upper limb recovery 
after stroke (11–13). These devices are envisioned to 
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provide motivation, instruction or feedback during 
training. Dynamic orthoses, for example, give stability 
and assist the users in executing a functional grasp by 
optimizing the wrist and hand position (14, 15). They 
are designed to maintain the wrist in a functional posi-
tion and assist fingers and thumb extension following 
a grasping motion via tensioners at the interphalangeal 
joints. Therapist and user can customize the tension at 
the joints, depending on the level of assistance required 
to accomplish tasks. Compared with robotics, these 
devices are easy-to-use and less costly, which is ideal 
for clinical and home training (16). However, the 
effectiveness of such intervention early after stroke 
has not been definitively shown (6, 17).

Therefore, this study aimed to determine the clini-
cal effect of a commercially available dynamic hand 
orthosis in the early subacute period after stroke. The 
specific research question for this study was: Is the 
addition of dynamic hand orthosis to unilateral task-
oriented training more effective in improving upper 
limb outcome than unilateral task-oriented training 
alone in early sub-acute stroke?

METHODS

Design
A pilot, prospective, parallel-group, randomized trial 
was conducted (Fig. 1). Participants were recruited 
into the study following admission to the neurore-
habilitation ward of China Rehabilitation Research 
Center, Beijing, China, after having a stroke. Baseline 
measurement was undertaken prior to randomization. 
A computer-generated randomization table was gene-
rated by a person not involved in the study. Participants 
were randomly allocated into either the experimental or 
control group based on an assignment schedule stored 
in consecutively numbered, sealed, opaque envelopes 
to ensure concealment. Outcomes were collected at 
baseline and Week 4 by an independent measurer blin-
ded to group allocation. To maintain blinding, partici-
pants were instructed not to discuss any aspects of their 
intervention with the measurer. Ethics approval was 
obtained from the Regional Committee for Medical and 
Health Research Ethics (2017/1915 REK sør-øst D) 
and the China Rehabilitation Research Center Ethics 
Committee (number 2019-112-1). Participants were 
provided with written information about the study 
and gave written informed consent. The study was 
registered with ClinicalTrials.gov (NCT03396939).

Participants
People admitted with a diagnosis of first-time stroke 
to the centre were included if they: had a first-time 

stroke, were aged > 18 years and able to consent, were 
14–90 days since stroke, had partial finger movement 
(defined as ≥ 10° of active finger flexion). Potential 
participants were excluded if they: had full finger 
extension, had language and/or cognitive impairments 
that preclude the person from following instructions 
(defined as Montreal Cognitive Assessment ≤ 20 or 
Mini–Mental State Examination ≤ 20, Goodglass-
Kaplan Aphasia Severity Rating Scale < 2), had 
severe comorbidities or other health conditions that 
precluded the person from undergoing upper limb 
rehabilitation (18–20).

Intervention
Both groups received unilateral task-oriented training 
for the affected upper extremity, 5 times/week, for 
4 consecutive weeks. Individual therapist-supervised 
upper limb practice at the institution could be divi-
ded into smaller sessions throughout the training, 
but was set to be 60 min in total for arm and hand, 
i.e. 20 h of practice. The structure of the programme 
was standardized, but the content was individualized 
according to the goals of each participant. In general, 
the 60-min session was divided into 10 min of gross 
motor training (e.g.  reaching the opposite shoulder, 
hip, top and back of head with hand), 10 min of fine 
motor training (e.g. pinch, grip, writing, turning pages, 
distributing cards), 10 min of strength training, and 30 
min of activities of daily living training (e.g. washing 
up, folding laundry, sweeping floor). The experimental 
group wore the dynamic hand orthosis on the affected 
hand for 30 min during the supervised upper limb 
practice. A commercially available dynamic hand ort-
hosis (Saeboglove®, Saebo Inc., Charlotte, NC, USA) 
was used. It consists of a soft Lycra glove, a spiralled 
forearm splint and a proprietary tension system. The 
orthosis was especially used during fine motor and 
activities of daily living training.

Adherence to the intervention and mean time taken 
for each session of training were recorded using 
an exercise log. Participant acceptability with the 
intervention was measured using a semi-structured 
interview following the intervention phase. Questions 
about their experiences of wearing the orthosis and wil-
lingness to recommend the programme to others were 
posed. Participants rated their satisfaction from 1 to 5 
(strongly dissatisfied to strongly satisfied) regarding 
the programme: frequency, intensity, time, type of 
exercises, and duration of intervention.

Outcome measures
The primary outcome to determine whether the 
intervention could be effective in increasing upper 
limb activity was the Action Research Arm Test 
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(ARAT) (21). ARAT consists of 19 items divided into 
4 subtests measuring grasp, grip, pinch, and gross arm 
movement. Items are rated on a 4-point ordinal scale 
(0–3) with a score of 3 indicating the normal perfor-
mance of the task within 5 s and a score of 0 indicating 
the inability to perform any part of the task within 60 s. 
The sum score ranges from 0 to 57. The test is sensitive 
to change in arm and hand skills and has been widely 
used in previous stroke trials. The minimum clinically 
important differences (MCID) of the ARAT is defined 
as 5.7 points (22, 23).

Secondary outcomes included valid and reliable 
measures on upper limb activity, impairment, health 
status and independence. Activity was assessed 
using the Nine-hole Peg Test (9-HPT) with a cutoff 
of 180 s and reported as pegs/s (24, 25). Measures 
on upper limb impairment following stroke were 
maximal handgrip strength measured using a Jamar 
dynamometer (kg), spasticity at the elbow, and hand 
level measured using the modified Ashworth Scale 
(0–4) (26, 27), and synergy development measured 
using the Fugl-Meyer Assessment Upper Extremity 
(FMA-UE) (0–66) (28,  29). Health status was 
measured using the visual analogue scale from the 

EuroQual-5D (EQ-5D) (0–100) (30). In addition, the 
Barthel Index measures independence in activities of 
daily living (0–100) (31).

Data analysis
A sample size of 30 was consistent with recommenda-
tions about the design of pilot studies (32). Outcomes 
for continuous variables were compared between the 
groups using a 2-sample t-test (normally distribu-
ted data) or Mann–Whitney U test (non-normally-
distributed data) and the between-group difference 
was presented as mean difference (95% CI), since 
significance was set at p < 0.05. All statistical analy-
ses were performed using STATA version 16 for Mac 
(STATA Corp., College Station, TX, USA).

RESULTS

Flow of participants through the trial
Thirty people with stroke were recruited, enrolled in 
the study, and there were no dropouts over the 4 weeks 
(Fig. 1). The groups were similar in terms at baseline, 

Control Group
Unilateral task-oriented 
training without orthosis

60 min x 5/wk x 4 wk

Screened physically for eligibility (n = 144)

Measured Action Research Arm Test, Nine-hole Peg Test, grip strength, modified 
Ashworth Scale, Fugl-Meyer Assessment-Upper Extremity, EuroQual-5D, Barthel Index

Randomized (n = 30)
(n = 15) (n = 15)

Week 0

Experimental Group
Unilateral task-oriented 
training with orthosis
30 min x 5/wk x 4 wk
+
Unilateral task-oriented 
training without orthosis
30 min x 5/wk x 4 wk

Week 4
Measured Action Research Arm Test, Nine-hole Peg Test, grip strength, modified 

Ashworth Scale, Fugl-Meyer Assessment-Upper Extremity, EuroQual-5D, Barthel Index
(n = 15) (n = 15)

Lost to follow-up
(n = 0)

Lost to follow-up
(n = 0)

Excluded (n = 114)
• Not meeting criteria (n = 109)
• Declined participation (n = 5)

Fig. 1. Flow of participants through the trial.

J Rehabil Med 54, 2022
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except that the control group was younger and there-
fore fewer of them were retired than the experimental 
group (Table I).

Compliance with trial method
All 30 participants in the experimental and control 
groups received 1 h of unilateral task-oriented training 
per day. Four participants in the experimental group 
and 10 in the control group received daily training in 
a 1-h session, while 11 in the experimental group and 
5 in the control group received 2 30-min sessions. 
Majority of participants (n = 13) became more inde-
pendent in the orthosis donning procedure after several 
supervised sessions and required no intensive support 
from a therapist. Two participants (ARAT < 10/57 at 
baseline) were unable to don the orthosis themselves. 
Participants with shoulder subluxation (n = 4), shoul-
der pain (n = 4), or shoulder hand syndrome (n = 5) 
in the experimental group wore the orthosis < 30 but 

> 15 min. Of the 15 participants in the experimental 
group, 73% were either strongly satisfied or satisfied 
with the dynamic hand orthosis and willing to recom-
mend it to others, 87% of them were either strongly 
satisfied or satisfied with the programme as a whole, 
80–93% were either strongly satisfied or satisfied in 
terms of frequency, intensity, time, type of exercises, 
and duration of intervention.

Effect of intervention
Group data for outcomes at baseline and 4 weeks later 
are presented in Table II. By Week 4, the experimental 
group scored 4 points out of 57 (95% CI –5 to 13, 
p = 0.39) higher than the control group on the ARAT, 
but this was not statistically significant. Neither were 
there any statistically significant between-group dif-
ference in the secondary outcomes.

DISCUSSION

This study demonstrates that the addition of a dynamic 
hand orthosis to 4 weeks of unilateral task-oriented 
training in the early subacute phase after stroke is 
no more effective than training without the orthosis. 
Even so, the use of the orthosis was highly satisfying 
to participants.

The study involved people who were severely disab-
led after stroke (i.e. most scored < 50% of maximum 
score of ARAT and could not move a peg on the 9-HPT 
at baseline). Thus, a possible reason for lack of diffe-
rence between the groups may be that there was simply 
less capacity for improvement among participants, 
given that the initial severity of motor impairment 
appears to be a most important predictor for upper 
limb recovery (33). This appears to be the case, since 
there was little improvement in upper limb activity in 
either group. Our upper limb practice may be effective 
if applied with less-disabled people. Also, the effects 

Table I. Baseline characteristics of participants

Characteristic

Randomized
(n = 30)

Experimental
(n = 15)

Control
(n = 15)

Age, years, mean (SD) 63 (9) 56 (12)
Sex, males, n (%) 10 (67) 13 (87)
Marital status, married, n (%) 14 (93) 14 (93)
Residence, apartment, n (%) 14 (93) 13 (87)
Occupation, retired, n (%) 10 (67) 4 (27)
Handedness, right, n (%) 13 (87) 15 (100)
Time since stroke, days, mean (SD) 54 (26) 51 (25)
Stroke type, n (%)
  Ischaemic 9 (60) 10 (67)
  Haemorrhagic 6 (40) 5 (33)
Hemiplegia, n right (%) 10 (67) 8 (53)
Other medical conditions, yes, n (%)
  Hypertension 12 (80) 15 (100)
  Atrial fibrillation 1 (7) 3 (20)
  Diabetes mellitus 5 (33) 9 (60)
  Others 13 (87) 14 (93)
Number of medications, median (range) 12 (4–16) 10 (4–20)
Amount of therapy* (h/day), mean (SD) 3.2 (0.5) 3.3 (0.6)
SD: standard deviation.

Table II. Mean (standard deviation; SD) of groups, mean (SD) difference within groups, and mean (95% CI, p) difference between groups.

Outcome

Groups Difference within groups Difference between groups

Week 0 Week 4 Week 4 minus Week 0 Week 4 minus Week 0

Exp
(n = 15)

Con
(n = 15)

Exp
(n = 15)

Con
(n = 15) Exp Con Exp minus Con

Upper limb activity
Action Research Arm Test (0–57) 19 (11) 23 (19) 34 (17) 35 (19) 16 (12) 12 (12) 4 (–5 to 13), p = 0.39
Nine-hole Peg Test (pegs/s) 0.01 (0.03) 0.08 (0.12) 0.10 (0.19) 0.14 (0.19) 0.10 (0.18) 0.06 (0.09) 0.03 (–0.07 to 0.14), p = 0.11
Upper limb impairments
Synergy (Fugl-Meyer Assessment-Upper 
Extremity, 0–66)

31 (11) 35 (14) 44 (12) 43 (14) 13 (8) 8 (5) 5 (0 to 10), p = 0.07

Grip strength (kg) 3.9 (3.5) 7.7 (9.1) 6.4 (5.1) 10.2 (8.7) 2.6 (4.0) 2.5 (1.9) 0.1 (–2.3 to 2.4), p = 0.96
Spasticity (modified Ashworth Scale, 0–4)
  Elbow flexion 0.5 (0.8) 0.5 (0.9) 0.5 (0.7) 0.5 (0.6) 0.00 (0.8) –0.1 (0.8) 0.1 (–0.5 to 0.7), p = 0.82
  Finger flexion 0.1 (0.3) 0.2 (0.8) 0.1 (0.3) 0.1 (0.5) 0.0 (3.8) –0.1 (0.3) 0.1 (–0.2 to 0.3), p = 0.58
Participation
Health status (EQ-5D VAS, 0–100) 64 (19) 60 (26) 66 (17) 64 (14) 2 (24) 4 (27) –2 (–21 to 17), p = 0.80
Independence (Barthel Index, 0–100) 65 (12) 67 (21) 80 (12) 83 (14) 15 (10) 16 (16) –1 (–11 to 9), p = 0.79
Exp: experimental group; Con: control group.

J Rehabil Med 54, 2022
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of the intervention when applied in the earlier stages 
remain unclear, as the mean time that the participants 
entered the study was 52 days post-stroke. The chosen 
time of use and duration were pragmatic because of the 
insurance coverage and rehabilitation subsidy system 
in China. On the other hand, a more extended period 
of wearing the orthosis may have rendered a different 
result (34–36).

The overall results of this trial were in line with a 
large study by Wolf et al., in which robotic-assisted 
movement of the wrist and fingers in addition to task-
oriented training was compared with a dose-matched 
intervention in 99 severely affected individuals in the 
subacute phase after stroke (37). There was no dif-
ference between groups in upper limb activity over 
time where the control group increased 3 points out of 
57 (95% CI –0.9 to 6.4, p = 0.15) more than the expe-
rimental group on the ARAT. In a systematic review 
of dynamic hand orthoses, Alexander et al. found a 
positive effect for upper limb activity (MD 6 points 
out of 57, 95% CI 0–12, p = 0.04 on the ARAT); 
however, the effect was small and was on the basis 
of 2 small studies (n = 29) with high risk of bias (38). 

Similarly to the current study, Franck et al. reported a 
high-intrinsic motivation and sense of self-regulation 
regarding the use of an orthosis in combination with 
functional electrical stimulation, perhaps due to an 
increased awareness of the affected side promoting 
participation in training (34).

This pilot trial has both strengths and limitations. 
Its main strength is the incorporation of features 
to minimize bias: (i) participants were assigned to 
experimental and control groups using a concealed 
random allocation procedure; (ii) all outcomes were 
measured by the same person, who was blinded to 
group allocation; (iii) both groups received the same 
frequency, intensity, time, and type of training, except 
for the addition of the orthosis; and (iv) the data were 
analysed blindly by a statistician. However, there are 
several limitations: (i) it was not possible to blind the 
participants or the treating therapist due to the nature 
of the intervention; and (ii) the participants were very 
disabled and may not have had the ability to recover. 
However, this is the characteristic of participants for 
which the orthosis was designed and, therefore, there 
is no indication that further investigation of dynamic 
hand orthoses is warranted. 

CONCLUSION

In this trial of 30 min wearing a dynamic hand orthosis 
during 4 weeks of daily unilateral task-oriented train-
ing, there was no additional benefit in terms of upper 
limb impairments, activity or participation.
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