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Abstract

An intracranial haemorrhage resulted in severe motor impairment 
in the right upper limb in a previously physically-active young ado-
lescent. Robot-assisted therapy was implemented over the course 
of 9 months to reduce motor impairment in the affected right up-
per limb. Robot-assisted therapy consisted of twice weekly sessions 
containing repetitive and progressively intense practice of hand 
grasping and arm reaching. The amount of assistance offered by 
the robot during grasping and reaching was adaptive such that as 
impairment reduced, the robot offered less assistance. Motor im-
pairment was evaluated with the Fugl-Meyer assessment score for 
the upper limb. The robot-assisted therapy was associated with an 
increase in a clinical outcome measure of motor impairment fol-
lowing childhood stroke. The increase was distributed across both 
upper and lower arm segments. The final, stable reduction in motor 
impairment in the patient matched that demonstrated in a group of 

adult unilateral stroke survivors receiving similar treatment with 
robotics early in their recovery process. We conclude that robot-
assisted therapy offers a promising treatment option in childhood 
stroke involving severe upper limb motor impairment. Robot-as-
sisted therapy could be implemented safely in an acute in-patient 
hospital unit and be continued after discharge to the community 
setting.
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Introduction

Stroke is uncommon in children, but is an important cause 
of mortality and morbidity with two-thirds having persistent 
neurological deficits, learning or developmental problems 
[1, 2]. Ischaemic and heamorrhagic strokes occur in equal 
proportions in children compared to the larger preponder-
ance of ischaemic stroke in adults (~ 85%). Reduction in 
quality of life, motor function impairment, visuospatial and 
cognitive deficits and lowered social function can remain be-
yond one year and up to five years after childhood stroke [1, 
3]. As a consequence, the one and five year total direct costs 
associated with all-cause childhood strokes are as high as for 
adult stroke care and more so following haemorrhagic com-
pared to ischaemic childhood stroke (i.e. ~$150,000) [4]. 
The cost of intensive motor rehabilitation services within 
the total “other/nursing” health-related costs is unknown for 
childhood stroke [5]. However, a recent trial in adult chronic 
stroke survivors suggested that robot-assisted therapy was 
associated with similar total health costs to usual care or in-
tensity matched physical therapy over the course of 9 months 
recovery and thus might offer a treatment option for child-
hood stroke as well [6, 7]. 

Therefore for the first time in this case report, robot-
assisted therapy was incorporated into usual care to demon-
strate treatment safety and feasibility following childhood 
stroke and specifically to reduce the initial severe motor im-
pairment. Robot-assisted therapy was introduced within the 
first 3 months as early treatment elicits greater reductions in 

Manuscript accepted for publication April 18, 2012

aLewin Stroke Rehabilitation Unit, Cambridge University Hospital NHS 
 Foundation Trust, Addenbrooke’s Hospital, Hills Road, Cambridge CB2 
 0QQ, United Kingdom
bDepartment of Clinical Neurosciences, Cambridge University Hospital 
 NHS Foundation Trust, Addenbrooke’s Hospital, Hills Road, Cambridge 
 CB2 0QQ, United Kingdom
cNeurorehabilitation Unit, School of Health, Sport and Bioscience, 
 University of East London, Stratford E15 4LZ, United Kingdom
dCorresponding author: Duncan L Turner, School of Health, Sport and 
 Bioscience, University of East London, Water Lane, Stratford E15 4LZ, 
 United Kingdom. Email: d.l.turner@uel.ac.uk

doi:10.4021/jnr98w

    65                                     66



J Neurol Res  •  2012;2(2):65-68Turner et al

Articles © The authors   |   Journal compilation © J Neurol Res and Elmer Press™   |   www.neurores.org

motor impairment compared to its use in the chronic stage in 
adults (> 6 months post-stroke) [6, 8-10].

Case Report
   

Patient history

A 17 years old right-handed female collapsed whilst on holi-
day. Acute neurological assessment suggested an intracra-
nial haemorrhage of idiopathic origin which was confirmed 
4 months later using MRI imaging. There was low T2 signal 
intensity haemosiderin staining in the left cerebral peduncle, 
left midbrain tegmentum and left superior and middle cer-
ebellar peduncles following the haemorrhage.

Symptoms included severe right-sided weakness and 
motor impairment, left-sided ataxia and left-sided visual 
problems. There was no motor weakness on the left-side. 
The symptoms and neurological findings were consistent 
with a brainstem/cortical-spinal/cerebellar pattern character-
ized by coexistence of ataxia on one body side and pyrami-
dal disorders on the other (right-side in this patient).

Experimental design

The robot-assisted therapy programme was designed by the 
attending therapists and began once the patient had reached 
a medically stable stage of recovery at 11 weeks after the 
stroke episode. Robot-assisted therapy was employed to fa-
cilitate a reduction in motor impairment to a stable and main-
tained level in the affected right upper limb. The protocol 
was in accordance with the Declaration of Helsinki and ethi-
cal standards of the regional committee on human experi-
mentation.

Robot-assisted therapy

At 100 days post-stroke, the patient began robot-assisted 
therapy for the motor impaired right upper limb. Two, one-
hour therapy sessions were undertaken per week. Each ther-
apy session consisted of 80 robot-assisted right-sided hand 
grasp extension/flexions and 160 - 240 robot-assisted right-
sided reach-grasp-reach-releases using a shoulder/upper arm 
robot device fitted with a hand module (models IMT2 plus 
IMT5; InMotion Technologies Inc., Boston, MA, USA; Fig. 
1) [6, 9]. The robot-assisted therapy finished at 299 days 
post-stroke and 59 sessions were completed.

Evaluation of motor impairment

The primary outcome measure for assessing motor impair-
ment was the Fugl-Meyer score for the upper limb (total F-M 
score out of 66) [11]. This outcome measure was used during 
therapy to track changes in impairment with time and the 
number of robot sessions undertaken. The evaluations were 
performed by an experienced therapist following a stan-
dardised protocol adapted for robot-assisted therapy in acute 
and chronic adult stroke patients [6, 9]. Follow-up measures 
of motor impairment were taken 4 weeks after the end of 
robot-assisted therapy and compared to similar follow-up 
measures in adult stroke patients in early recovery [9].

 
Results

  
Right arm total F-M score increased over the course of ro-
bot-assisted therapy. The rate of increase was greatest over 
the first 25 sessions (3 months; Fig. 2A). Robot-assisted ther-
apy using shoulder/upper arm and hand devices was associ-
ated with improvements of both upper arm and lower hand/
wrist F-M subsection scores (Fig. 2A). The increase in total 
F-M score was slower (in terms of time) in the childhood 
stroke patient compared to a group of adult stroke patients 
early in robot-assisted recovery, but did eventually reach a 
similar stable level of motor impairment at the end of robot-
assisted therapy and at one month follow-up (Fig. 2B) [9]. 
However, the rate of development of total F-M score dur-

Figure 1. Robot-assisted therapy setup. The patient’s lower 
arm is supported in a trough and the hand placed around a 
joystick. The visual screen illustrates the reach-grasp-reach-
release assisted therapy game, whereby repeated move-
ments are made to 8 peripheral targets and back again to 
the central hold position. Both reaching of the shoulder/up-
per arm and the extension/flexion of the fingers and thumb 
are assisted and synchronised, such that the robot devices 
enable successful tasks to be completed even if the patient 
cannot move at all, for example at the beginning of the treat-
ment programme.
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ing robot-assisted therapy was similar in adult and childhood 
patients when expressed in terms of the number of robot 
sessions (Fig. 2C). The treatment schedule was maintained 
throughout the rehabilitation period with no adverse effects 
or events.

Discussion
  
This case report demonstrated that robot-assisted therapy can 
safely be incorporated into recovery from childhood stroke. 
Motor impairment was comparable at the beginning of treat-

ment in the childhood stroke patient to a recent comparator 
adult stroke group [9]. Motor impairment was reduced to a 
similar level during, and maintained at follow-up after, robot-
assisted therapy when compared to the adult acute stroke group.

Robot-assisted therapy has been shown to significantly 
improve motor impairment when administered early after 
adult stroke compared to usual care [8]. In a recent random 
controlled trial, robot-assisted therapy also resulted in sig-
nificant improvement in motor impairment in adult chronic 
stroke survivors [6]. The improvement of motor impairment 
in chronic patients was more modest than in (sub)acute pa-
tients suggesting early incorporation of robot-assisted thera-

Figure 2. Changes in clinically assessed motor impairment. A. The increase in total arm F-M score (black circles) was the 
result of additive increases in both upper arm F-M score (score out of 42; dark grey) and hand/wrist F-M score (score out 
of 24; light grey) in the child stroke patient. Increases in arm segment F-M scores were maintained at one month follow-up 
in the child stroke patient (open symbols). B. Total F-M score for right upper limb of the childhood stroke patient (closed 
circles) increased relatively more quickly with time since stroke in the first half of the robot-assisted therapy (i.e. over first 
3 months). The rate of increase in total F-M score with time since stroke for the child stroke patient was slower than that 
of a cohort of adult acute stroke patients (closed diamonds are mean ± standard error bars; N = 10) [9]. Increases in total 
F-M score were maintained at one month follow-up in both child and adult stroke patients (open symbols). C. The change 
in total F-M score was similar in child and adult stroke patients when compared as a function of robot-assisted therapy 
session number.
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py might be more beneficial as employed in this case report 
[6, 10].

Thusfar, the use of robot-assisted therapy for treating 
motor impairment of the upper limb in children has been re-
stricted mainly to cerebral palsy and some years after perina-
tal brain injury [12]. The authors are not aware of early use 
of robot-assisted upper limb therapy for neurological condi-
tions in childhood. However, the present case study suggests 
that robot-assisted therapy can facilitate a similar robot-ses-
sion number-dependent change in motor impairment when 
compared to early robot-assisted therapy in adult stroke [9].

The robot assistive technology used in this case study 
can enable repetitive, intensive and progressive movement 
of parts of the upper limb [10]. The mechanical design al-
lows adaptive interaction between robot and patient. Thus 
when the patient could not move the upper limb because of 
severe impairment (i.e. a total F-M score of 18 at the be-
ginning of robot-assisted therapy in this patient), the robot 
guides the arm through a reaching or grasping task. As mo-
tor impairment reduces, the robot device offered less assis-
tance, thereby making the motor rehabilitation progressive. 
The robot-assisted therapy protocol consisted of 2 one hour 
sessions per week and was based on that used previously in 
trials [6, 8-10].

Implications and limitations

The current case report was carried out in a publicly funded 
hospital/community healthcare system and financially sup-
ported by a “complex condition” tariff arrangement. The 
cost-effectiveness of robot-assisted therapy was recently 
shown to be equivalent to intensive physical therapy and 
importantly to long term usual care with the consequent fol-
low-up health-related costs in chronic adult stroke survivors 
[7]. The social and economic impact of stroke is increasing 
in the working age population and the total cost of stroke to 
the European community is currently 64B Euros per year 
[13]. Thus the use of robot-assisted therapy may be an at-
tractive treatment.

Whilst encouraging, this case report needs to be re-
peated in a larger childhood stroke cohort containing both 
ischaemic and haemorrhagic patients in order to assess dif-
ferential treatment costs, effectiveness and improvements in 
quality of life before fuller implementation in clinical prac-
tice.
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