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A review of bilateral training for upper extremity hemiparesis.
Stoykov ME, Corcos D.
Rehabilitation Institute of Chicago, Chicago, IL.

Upper extremity hemiparesis is the most common post-stroke disability.
Longitudinal studies have indicated that 30-66% of stroke survivors do not
have full arm function 6 months post-stroke. The current gold standard for
treatment of mild post-stroke upper limb impairment is constraint-induced
therapy but, because of the inclusion criteria, alternative treatments are
needed which target more impaired subjects. Bilateral arm training has
been investigated as a potential rehabilitation intervention. Bilateral arm
training encompasses a number of methods including: (1) bilateral
isokinematic training; (2) mirror therapy using bilateral training; (3)
device-driven bilateral training; and (4) bilateral motor priming. Neural
mechanisms mediating bilateral training are first reviewed. The key
bilateral training studies that have demonstrated evidence of efficacy will
then be discussed. Finally, conclusions are drawn concerning clinical
implications based on the reviewed literature. Copyright (c) 2009 John
Wiley & Sons, Ltd.
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The use of visual feedback, in particular mirror visual feedback, in
restoring brain function.
Ramachandran VS, Altschuler EL.
Center for Brain and Cognition, University of California, San Diego, 9500 Gilman
Drive, 0109, La Jolla, California 92093-0109, USA. vramacha@ucsd.edu

This article reviews the potential use of visual feedback, focusing on mirror
visual feedback, introduced over 15 years ago, for the treatment of many
chronic neurological disorders that have long been regarded as intractable
such as phantom pain, hemiparesis from stroke and complex regional pain
syndrome. Apart from its clinical importance, mirror visual feedback paves
the way for a paradigm shift in the way we approach neurological
disorders. Instead of resulting entirely from irreversible damage to
specialized brain modules, some of them may arise from short-term
functional shifts that are potentially reversible. If so, relatively simple
therapies can be devised--of which mirror visual feedback is an example-to restore function.
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Systematic review of the effectiveness of mirror therapy in upper
extremity function.
Ezendam D, Bongers RM, Jannink MJ.
Center for Human Movement Sciences, University of Groningen, University Medical
Center Groningen, Groningen, The Netherlands.

Purpose. This review gives an overview of the current state of research
regarding the effectiveness of mirror therapy in upper extremity function.
Method. A systematic literature search was performed to identify studies
concerning mirror therapy in upper extremity. The included journal articles
were reviewed according to a structured diagram and the methodological
quality was assessed. Results. Fifteen studies were identified and reviewed.
Five different patient categories were studied: two studies focussed on
mirror therapy after an amputation of the upper limb, five studies focussed
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mirror therapy after an amputation of the upper limb, five studies focussed
on mirror therapy after stroke, five studies focussed on mirror therapy with
complex regional pain syndrome type 1 (CRPS1) patients, one study on
mirror therapy with complex regional pain syndrome type 2 (CRPS2) and
two studies focussed on mirror therapy after hand surgery other than
amputation. Conclusions. Most of the evidence for mirror therapy is from
studies with weak methodological quality. The present review showed a
trend that mirror therapy is effective in upper limb treatment of stroke
patients and patients with CRPS, whereas the effectiveness in other patient
groups has yet to be determined.
PMID: 19479545 [PubMed - as supplied by publisher]
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Mirror Therapy in Complex Regional Pain Syndrome Type 1 of the Upper
Limb in Stroke Patients.
Cacchio A, De Blasis E, De Blasis V, Santilli V, Spacca G.
BACKGROUND: Complex regional pain syndrome type 1 (CRPSt1) of the
upper limb is a painful and debilitating condition, frequent after stroke, and
interferes with the rehabilitative process and outcome. However,
treatments used for CRPSt1 of the upper limb are limited. OBJECTIVE: .
This randomized controlled study was conducted to compare the
effectiveness on pain and upper limb function of mirror therapy on CRPSt1
of upper limb in patients with acute stroke. METHODS: . Of 208 patients
with first episode of unilateral stroke admitted to the authors' rehabilitation
center, 48 patients with CRPSt1 of the affected upper limb were enrolled in
a randomized controlled study, with a 6-month follow-up, and assigned to
either a mirror therapy group or placebo control group. The primary end
points were a reduction in the visual analogue scale score of pain at rest,
on movement, and brush-induced tactile allodynia. The secondary end
points were improvement in motor function as assessed by the Wolf Motor
Function Test and Motor Activity Log. RESULTS: . The mean scores of both
the primary and secondary end points significantly improved in the mirror
group (P < .001). No statistically significant improvement was observed in
any of the control group values (P > .001). Moreover, statistically
significant differences after treatment (P < .001) and at the 6-month
follow-up were found between the 2 groups. CONCLUSIONS: . The results
indicate that mirror therapy effectively reduces pain and enhances upper
limb motor function in stroke patients with upper limb CRPSt1.
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Rehabilitation of arm function after stroke. Literature review.
[Article in English, French]

Oujamaa L, Relave I, Froger J, Mottet D, Pelissier JY.
Unité de rééducation et réadaptation neurologique, département de MPR, hôpital
Carémeau, centre médical Le-Grau-du-Roi, Nîmes, France. loujamaa@chugrenoble.fr

INTRODUCTION: In the recent literature we can find many articles dealing
with upper extremity rehabilitation in stroke patients. New techniques, still
under evaluation, are becoming the practical applications for the concept
of post-stroke brain plasticity. METHODS: This literature review focuses on
controlled randomized studies, reviews and meta-analyses published in the
English language from 2004 to 2008. The research was conducted in
MEDLINE with the following keywords: "upper limb", "stroke",
"rehabilitation". RESULTS: We reviewed 66 studies. The main therapeutic
strategies are: activation of the ipsilesional motor cortex, inhibition of the
contralesional motor cortex and modulation of the sensory afferents.
Keeping a cortical representation of the upper limb distal extremity could
prevent the learned non-use phenomenon. The modulation of sensory
afferents is then proposed: distal cutaneous electrostimulation, anesthesia
of the healthy limb, mirror therapy, virtual reality. Intensifying the
rehabilitation care means increasing the total hours of rehabilitation
dedicated to the paretic limb (proprioceptive stimulation and repetitive
movements). This specific rehabilitation is facilitated by robot-aided
therapy in the active-assisted mode, neuromuscular electrostimulation and
bilateral task training. Intensifying the rehabilitation training program
significantly improves the arm function outcome when performed during
subacute stroke rehabilitation (< six months). Ipsilesional neurostimulation
as well as mental practice optimize the effect of repetitive gestures for
slight motor impairments. Contralesional neurostimulation or anesthesia of
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slight motor impairments. Contralesional neurostimulation or anesthesia of
the healthy hand both improve the paretic hand's dexterity via a decrease
of the transcallosal inhibition. This pathophysiological mechanism could
also explain the positive impact of constraint-induced movement therapy
(CI therapy) in an environmental setting for chronic stroke patients.
CONCLUSION: To ensure a positive functional outcome, stroke
rehabilitation programs are based on task-oriented repetitive training. This
literature review shows that exercising the hemiparetic hand and wrist is
essential in all stages of a stroke rehabilitation program. New data
stemming from neurosciences suggest that ipsilesional corticospinal
excitability should be a priority.
PMID: 19398398 [PubMed - indexed for MEDLINE]
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Mirror therapy promotes recovery from severe hemiparesis: a randomized
controlled trial.
Dohle C, Püllen J, Nakaten A, Küst J, Rietz C, Karbe H.
Klinik Berlin, Department of Neurological Rehabilitation, Charite-University Medicine
Berlin, Campus Benjamin Franklin, Germany. dohle.berlin@median-kliniken.de

BACKGROUND: . Rehabilitation of the severely affected paretic arm after
stroke represents a major challenge, especially in the presence of sensory
impairment. OBJECTIVE: . To evaluate the effect of a therapy that includes
use of a mirror to simulate the affected upper extremity with the
unaffected upper extremity early after stroke. METHODS: . Thirty-six
patients with severe hemiparesis because of a first-ever ischemic stroke in
the territory of the middle cerebral artery were enrolled, no more than 8
weeks after the stroke. They completed a protocol of 6 weeks of additional
therapy (30 minutes a day, 5 days a week), with random assignment to
either mirror therapy (MT) or an equivalent control therapy (CT). The MAIN
OUTCOME MEASURES: were the Fugl-Meyer subscores for the upper
extremity, evaluated by independent raters through videotape. Patients
also underwent functional and neuropsychological testing. RESULTS: . In
the subgroup of 25 patients with distal plegia at the beginning of the
therapy, MT patients regained more distal function than CT patients.
Furthermore, across all patients, MT improved recovery of surface
sensibility. Neither of these effects depended on the side of the lesioned
hemisphere. MT stimulated recovery from hemineglect. CONCLUSIONS: .
MT early after stroke is a promising method to improve sensory and
attentional deficits and to support motor recovery in a distal plegic limb.
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Mirror visual feedback for the treatment of complex regional pain
syndrome (type 1).
McCabe CS, Haigh RC, Blake DR.
The Royal National Hospital for Rheumatic Diseases, Upper Borough Walls, Bath,
BA1 1RL, UK. candy.mccabe@rnhrd.nhs.uk

Mirror visual feedback was originally devised as a therapeutic tool to
relieve perceived involuntarily movements and paralysis in the phantom
limb. Since this pioneering work was conducted in the mid-1990s, the
technique has been applied to relieve pain and enhance movement in
other chronic conditions such as stroke and complex regional pain
syndrome (CRPS) type 1. This review describes how mirror visual feedback
was first developed with amputees, its original application in CRPS, and
how further research has demonstrated its potential benefit within graded
motor imagery programs. We discuss the potential mechanisms behind this
technique and consider the implications for clinical practice.
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Mirror therapy improves hand function in subacute stroke: a randomized
controlled trial.
Yavuzer G, Selles R, Sezer N, Sütbeyaz S, Bussmann JB, Köseoğlu
F, Atay MB, Stam HJ.
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Department of Physical Medicine and Rehabilitation, Ankara University Faculty of
Medicine, Ankara, Turkey. gyavuzer@medicine.ankara.edu.tr

OBJECTIVE: To evaluate the effects of mirror therapy on upper-extremity
motor recovery, spasticity, and hand-related functioning of inpatients with
subacute stroke. DESIGN: Randomized, controlled, assessor-blinded, 4week trial, with follow-up at 6 months. SETTING: Rehabilitation education
and research hospital. PARTICIPANTS: A total of 40 inpatients with stroke
(mean age, 63.2y), all within 12 months poststroke. INTERVENTIONS:
Thirty minutes of mirror therapy program a day consisting of wrist and
finger flexion and extension movements or sham therapy in addition to
conventional stroke rehabilitation program, 5 days a week, 2 to 5 hours a
day, for 4 weeks. MAIN OUTCOME MEASURES: The Brunnstrom stages of
motor recovery, spasticity assessed by the Modified Ashworth Scale (MAS),
and hand-related functioning (self-care items of the FIM instrument).
RESULTS: The scores of the Brunnstrom stages for the hand and upper
extremity and the FIM self-care score improved more in the mirror group
than in the control group after 4 weeks of treatment (by 0.83, 0.89, and
4.10, respectively; all P<.01) and at the 6-month follow-up (by 0.16,
0.43, and 2.34, respectively; all P<.05). No significant differences were
found between the groups for the MAS. CONCLUSIONS: In our group of
subacute stroke patients, hand functioning improved more after mirror
therapy in addition to a conventional rehabilitation program compared with
a control treatment immediately after 4 weeks of treatment and at the 6month follow-up, whereas mirror therapy did not affect spasticity.
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Mirror therapy in a patient with a fractured wrist and no active wrist
extension.
Altschuler EL, Hu J.
Department of Physical Medicine and Rehabilitation, University of Medicine and
Dentistry of New Jersey, Newark, NJ 07101, USA. eric.altschuler@umdnj.edu
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Mirror therapy enhances lower-extremity motor recovery and motor
functioning after stroke: a randomized controlled trial.
Sütbeyaz S, Yavuzer G, Sezer N, Koseoglu BF.
IVth Physical Medicine and Rehabilitation Clinic, Ankara Physical Medicine and
Rehabilitation Education and Research Hospital, Ankara, Turkey.

OBJECTIVE: To evaluate the effects of mirror therapy, using motor
imagery training, on lower-extremity motor recovery and motor
functioning of patients with subacute stroke. DESIGN: Randomized,
controlled, assessor-blinded, 4-week trial, with follow-up at 6 months.
SETTING: Rehabilitation education and research hospital. PARTICIPANTS:
A total of 40 inpatients with stroke (mean age, 63.5 y), all within 12
months poststroke and without volitional ankle dorsiflexion.
INTERVENTIONS: Thirty minutes per day of the mirror therapy program,
consisting of nonparetic ankle dorsiflexion movements or sham therapy, in
addition to a conventional stroke rehabilitation program, 5 days a week, 2
to 5 hours a day, for 4 weeks. MAIN OUTCOME MEASURES: The
Brunnstrom stages of motor recovery, spasticity assessed by the Modified
Ashworth Scale (MAS), walking ability (Functional Ambulation Categories
[FAC]), and motor functioning (motor items of the FIM instrument).
RESULTS: The mean change score and 95% confidence interval (CI) of the
Brunnstrom stages (mean, 1.7; 95% CI, 1.2-2.1; vs mean, 0.8; 95% CI,
0.5-1.2; P=.002), as well as the FIM motor score (mean, 21.4; 95% CI,
18.2-24.7; vs mean, 12.5; 95% CI, 9.6-14.8; P=.001) showed
significantly more improvement at follow-up in the mirror group compared
with the control group. Neither MAS (mean, 0.8; 95% CI, 0.4-1.2; vs
mean, 0.3; 95% CI, 0.1-0.7; P=.102) nor FAC (mean, 1.7; 95% CI, 1.22.1; vs mean, 1.5; 95% CI, 1.1-1.9; P=.610) showed a significant
difference between the groups. CONCLUSIONS: Mirror therapy combined
with a conventional stroke rehabilitation program enhances lower-
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with a conventional stroke rehabilitation program enhances lowerextremity motor recovery and motor functioning in subacute stroke
patients.
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Action observation has a positive impact on rehabilitation of motor
deficits after stroke.
Ertelt D, Small S, Solodkin A, Dettmers C, McNamara A, Binkofski F,
Buccino G.
Department of Neurology and Neuroimage Nord, University Hospital SchleswigHolstein, Campus Lübeck, Ratzeburger Allee 160, 23538 Lübeck, Germany.

Evidence exists that the observation of actions activates the same cortical
motor areas that are involved in the performance of the observed actions.
The neural substrate for this is the mirror neuron system. We harness this
neuronal system and its ability to re-enact stored motor representations
as a means for rehabilitating motor control. We combined observation of
daily actions with concomitant physical training of the observed actions in
a new neurorehabilitative program (action observation therapy). Eight
stroke patients with moderate, chronic motor deficit of the upper limb as a
consequence of medial artery infarction participated. A significant
improvement of motor functions in the course of a 4-week treatment, as
compared to the stable pre-treatment baseline, and compared with a
control group have been found. The improvement lasted for at least 8
weeks after the end of the intervention. Additionally, the effects of action
observation therapy on the reorganization of the motor system were
investigated by functional magnetic resonance imaging (fMRI), using an
independent sensorimotor task consisting of object manipulation. The
direct comparison of neural activations between experimental and control
groups after training with those elicited by the same task before training
yielded a significant rise in activity in the bilateral ventral premotor cortex,
bilateral superior temporal gyrus, the supplementary motor area (SMA)
and the contralateral supramarginal gyrus. Our results provide pieces of
evidence that action observation has a positive additional impact on
recovery of motor functions after stroke by reactivation of motor areas,
which contain the action observation/action execution matching system.
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Motor imagery and stroke rehabilitation: a critical discussion.
de Vries S, Mulder T.
Centre for Human Movement Sciences, University Medical Centre Groningen,
University of Groningen, the Netherlands. s.j.de.vries@rug.nl

Motor disorders are a frequent consequence of stroke and much effort is
invested in the re-acquisition of motor control. Although patients often
regain some of their lost function after therapy, most remain chronically
disabled. Functional recovery is achieved largely through reorganization
processes in the damaged brain. Neural reorganization depends on the
information provided by sensorimotor efferent-afferent feedback loops. It
has, however, been shown that the motor system can also be activated
"offline" by imagining (motor imagery) or observing movements. The
discovery of mirror neurones, which fire not only when an action is
executed, but also when one observes another person performing the
same action, also show that our action system can be used "online" as well
as offline. It is an intriguing question as to whether the information
provided by motor imagery or motor observation can lead to functional
recovery and plastic changes in patients after stroke. This article reviews
the evidence for motor imagery or observation as novel methods in stroke
rehabilitation.
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Current management of reflex sympathetic dystrophy syndrome (complex
regional pain syndrome type I).
Berthelot JM.
Service de rhumatologie, Hôtel-Dieu, CHU de Nantes, 1, place Alexis, Nantes cedex
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Service de rhumatologie, Hôtel-Dieu, CHU de Nantes, 1, place Alexis, Nantes cedex
01, France. jeanmarie.berthelot@chu-nantes.fr

Although no major advances have occurred in the curative treatment of
reflex sympathetic dystrophy syndrome (RSDS), new pathogenic insights
may soon lead to innovative approaches, which may also prove effective in
alleviating some forms of neuropathic pain. Preventing nerve compression
and ischemia-reperfusion injury constitute valuable measures for
preventing RSDS. Vitamin C administration can also prevent RSDS,
together with clonidine in high-risk patients. Short-term glucocorticoid
therapy has been found effective in preventing RSDS after stroke but has
not been evaluated in other situations. Beneficial effects of
bisphosphonates have been documented in several placebo-controlled
trials. Placebo-controlled trials of ketamine and spinal cord stimulation are
in order to confirm or refute the promising results obtained in open-label
studies. Mirror visual feedback was introduced recently for the
rehabilitation of patients with RSDS but needs to be evaluated in
randomized controlled trials.
PMID: 16837228 [PubMed - indexed for MEDLINE]
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Interaction of vision and movement via a mirror.
Altschuler EL.
Department of Physical Medicine and Rehabilitation, University of Medicine &
Dentistry of New Jersey, Newark 07101, USA. eric.altschuler@umdnj.edu

I have noticed a striking effect that vision can have on movement: when a
person makes circular motions with both hands, clockwise with the left
hand, counterclockwise with the right hand, while watching the reflection
of one hand in a parasagitally placed mirror, if one arm makes a vertical
excursion, the other arm tends to make the same vertical excursion, but
not typically if the excursing arm is viewed in plain vision. This observation
may help in understanding how visual feedback via a mirror may be
beneficial for rehabilitation of some patients with movement deficits
secondary to certain neurologic conditions, and illustrates that the
traditional division of neural processes into sensory input and motor output
is somewhat arbitrary.
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Plasticity and functional recovery in neurology.

Related articles

Ramachandran VS.

Synaesthesia in phantom limbs induced with
mirrors.
[Proc Biol Sci. 1996]

Center for Brain and Cognition, University of California at San Diego, La Jolla
92093-0109, USA. vramacha@ucsd.edu

Review The use of visual feedback, in particular
mirror visual feedback, in restoring brain
[Brain.
function.
2009]

Experiments on patients with phantom limbs suggest that neural
connections in the adult human brain are much more malleable than
previously assumed. Three weeks after amputation of an arm, sensations
from the ipsilateral face are referred to the phantom; this effect is caused
by the sensory input from the face skin 'invading' and activating
deafferented hand zones in the cortex and thalamus. Many phantom arms
are 'paralysed' in a painful position. If a mirror is propped vertically in the
sagittal plane and the patient looks at the reflection of his/her normal
hand, this reflection appears superimposed on the 'felt' position of the
phantom. Remarkably, if the real arm is moved, the phantom is felt to
move as well and this sometimes relieves the painful cramps in the
phantom. Mirror visual feedback (MVF) has shown promising results with
chronic regional pain syndrome and hemiparesis following stroke. These
results suggest two reasons for a paradigm shift in neurorehabilitation.
First, there appears to be tremendous latent plasticity even in the adult
brain. Second, the brain should be thought of, not as a hierarchy of
organised autonomous modules, each of which delivers its output to the
next level, but as a set of complex interacting networks that are in a state
of dynamic equilibrium with the brain's environment. Both principles can be
potentially exploited in a clinical context to facilitate recovery of function.

Doing it with mirrors: a case study of a novel
approach to neurorehabilitation.
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Training with a mirror in rehabilitation of the hand.
Rosén B, Lundborg G.
Department of Hand Surgery, Malmö University Hospital, Malmö, Sweden.
birgitta.rosen@hand.mas.lu.se

Treatment with a mirror gives an illusion of function in a missing or nonfunctioning hand. The method is based on the concept that the central
representation of phantoms and body image can change rapidly, and has
been described in the treatment of phantom pain and stroke. We show in
three pilot cases new applications for the use of the mirror in rehabilitation
after hand surgery.
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Mirror, mirror on the wall: viewing a mirror reflection of unilateral hand
movements facilitates ipsilateral M1 excitability.
Garry MI, Loftus A, Summers JJ.
School of Psychology, University of Tasmania, Hobart, Tasmania, Australia.

Primary motor cortex (M1) excitability is modulated by both ipsilateral limb
movement and passive observation of movement of the contralateral limb.
An interaction of these effects within M1 may account for recent research
suggesting improved functional recovery of the impaired arm following
stroke by viewing a mirror reflection of movements of the unimpaired arm
superimposed over the (unseen) impaired arm. This hypothesis was tested
in the present study using single-pulse transcranial magnetic stimulation
(TMS) in eight neurologically healthy subjects. Excitability of M1 ipsilateral
to a phasic, unilateral hand movement was measured while subjects
performed paced (1 Hz), unilateral index finger-thumb opposition
movements. Motor evoked potentials (MEPs) were obtained from the
inactive first dorsal interosseous (FDI) in each of four viewing conditions:
Active (viewing the active hand), Central (viewing a mark positioned
between hands), Inactive (viewing the inactive hand) and Mirror (viewing a
mirror-reflection of the active hand in a mirror oriented in the mid-sagittal
plane) and with both hands at rest (Rest). MEPs were significantly
enhanced during ipsilateral hand movement compared with the Rest
condition (P<0.05). Largest MEPs were obtained in the Mirror condition,
and this was significant compared with both the Inactive and Central
viewing conditions (P<0.05). There was no difference between the
dominant and non-dominant hand. Excitability of M1 ipsilateral to a
unilateral hand movement is facilitated by viewing a mirror reflection of
the moving hand. This finding provides neurophysiological evidence
supporting the application of mirror therapy in stroke rehabilitation.
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Training with computer-supported motor imagery in post-stroke
rehabilitation.
Gaggioli A, Morganti F, Walker R, Meneghini A, Alcaniz M, Lozano
JA, Montesa J, Gil JA, Riva G.
Applied Technology for Neuro-Psychology Lab, Istituto Auxologico Italiano, Milan,
Italy. andrea.gaggioli@auxologico.it

Converging lines of evidence suggest that motor imagery (the mental
simulation of a motor act within working memory) is associated with
subliminal activation of the motor system. This observation has led to the
hypothesis that cortical activation during motor imagery may affect the
acquisition of specific motor skills and help the recovery of motor function.
In this paper, we describe a clinical protocol in which we use interactive
tools to stimulate motor imagery in hemiplegic stroke patients, thereby
helping them to recover lost motor function. The protocol consists of an
inpatient and an outpatient phase, combining physical and mental practice.
In the inpatient phase, patients are trained in a laboratory setting, using a
custom-made interactive workbench (VR Mirror). After discharge, patients
use a portable device to guide mental and physical practice in a home
setting. The proposed strategy is based on the hypotheses that: (a)
combined physical and mental practice can make a cost-effective
contribution to the rehabilitation of stroke patients, (b) effective mental
practice is not possible without some form of support, from a therapist (as
in our inpatient phase) or from technology (as in the outpatient phase), (c)
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in our inpatient phase) or from technology (as in the outpatient phase), (c)
the inclusion of an outpatient phase will allow the patient to practice more
often than would otherwise be possible, therefore increasing the speed
and/or effectiveness of learning, and (d) the use of interactive technology
will reduce the patient's need for skilled support, therefore improving the
cost-effectiveness of training.
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Graded motor imagery is effective for long-standing complex regional
pain syndrome: a randomised controlled trial.
Moseley GL.
Department of Physiotherapy, The University of Queensland and Royal Brisbane
and Women's Hospital, Herston, 4029 Brisbane, Qld, Australia.
l.moseley@mailbox.uq.edu.au

Complex regional pain syndrome type 1 (CRPS1) involves cortical
abnormalities similar to those observed in phantom pain and after stroke.
In those groups, treatment is aimed at activation of cortical networks that
subserve the affected limb, for example mirror therapy. However, mirror
therapy is not effective for chronic CRPS1, possibly because movement of
the limb evokes intolerable pain. It was hypothesised that preceding mirror
therapy with activation of cortical networks without limb movement would
reduce pain and swelling in patients with chronic CRPS1. Thirteen chronic
CRPS1 patients were randomly allocated to a motor imagery program
(MIP) or to ongoing management. The MIP consisted of two weeks each of
a hand laterality recognition task, imagined hand movements and mirror
therapy. After 12 weeks, the control group was crossed-over to MIP. There
was a main effect of treatment group (F(1, 11) = 57, P < 0.01) and an
effect size of approximately 25 points on the Neuropathic pain scale. The
number needed to treat for a 50% reduction in NPS score was
approximately 2. The effect of treatment was replicated in the crossedover control subjects. The results uphold the hypothesis that a MIP initially
not involving limb movement is effective for CRPS1 and support the
involvement of cortical abnormalities in the development of this disorder.
Although the mechanisms of effect of the MIP are not clear, possible
explanations are sequential activation of cortical pre-motor and motor
networks, or sustained and focussed attention on the affected limb, or
both.
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Using motor imagery in the rehabilitation of hemiparesis.
Stevens JA, Stoykov ME.
Sensory Motor Performance Program, Rehabilitation Institute of Chicago, Chicago,
IL 60611, USA. j-stevens3@northwestern.edu

OBJECTIVE: To examine the effectiveness of using motor imagery training
in the rehabilitation of hemiparesis. DESIGN: A before-after trial with
clinical and behavioral analyses of single cases. SETTING: Academicaffiliated rehabilitation hospital. PARTICIPANTS: Two survivors of embolic
middle cerebral artery stroke that resulted in chronic hemiparesis.
INTERVENTION: A motor imagery training program consisting of imagined
wrist movements (extension, pronation-supination) and mental simulations
of reaching and object manipulation making use of a mirror box apparatus.
Twelve 1-hour experimental sessions were delivered, 3 times a week for 4
consecutive weeks.Main Outcome Measures: Two clinical assessments, grip
strength, 4 wrist functionality measurements, and 3 timed performance
tests. All outcome measures were recorded before training began, at 3
times during the intervention month, with 2 additional long-term
measurements. RESULTS: Performance of the paretic limb improved after
the imagery intervention, indicated by increases in assessment scores and
functionality and decreases in movement times. The improvements over
baseline performance remained stable over a 3-month period.
CONCLUSIONS: These results demonstrate the potential for using motor
imagery as a cognitive strategy for functional recovery from hemiparesis.
The intervention targets the cognitive level of action processing while its
effects may be realized in overt behavioral performance.
PMID: 12881842 [PubMed - indexed for MEDLINE]
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Doing it with mirrors: a case study of a novel approach to
neurorehabilitation.
Sathian K, Greenspan AI, Wolf SL.
Department of Neurology, Emory University School of Medicine, 1639 Pierce Drive,
WMRB-6000, Atlanta, GA 30322, USA. ksathia@emory.edu

Arm amputees can experience the perception of movement of a phantom
limb while looking at a mirror reflection of the moving, intact arm
superimposed on the perceived phantom. Such use of a mirror to provide
illusory visual feedback of movement can be useful in rehabilitation of
hemiparetic patients. In this case report, we describe the successful
application of "mirror therapy" to the post-stroke rehabilitation of a patient
with poor functional use of an upper extremity, due mainly to
somatosensory deficits. Mirror therapy facilitated employment of a motor
copy strategy (bimanual movements) and later progression to "forced use"
of the affected arm. The end result was increased functional use of the
affected upper limb.
PMID: 11228952 [PubMed - indexed for MEDLINE]
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Rehabilitation of hemiparesis after stroke with a mirror.
Altschuler EL, Wisdom SB, Stone L, Foster C, Galasko D, Llewellyn
DM, Ramachandran VS.
PMID: 10376620 [PubMed - indexed for MEDLINE]

Related articles
Physical therapy in the acute care hospital and
nursing home: treatment[QRB
for patients
Qual Rev
withBull. 1978]
hemiplegia due to cerebrovascular accident.
[Rehabilitation of hemiplegics]
[Schweiz Arch Neurol Neurochir Psychiatr. 1969]
[Rehabilitation of hemiplegics]
[Schweiz Arch Neurol Neurochir Psychiatr. 1969]
Review [Rehabilitation of stroke patients.
Possibilities, duration and effect] [Nord Med. 1991]
Review Rehabilitation of hemiplegia: indices of
assessment and prognosis.
[Br Med J. 1972]

» See reviews... | » See all...
Cited by 3 PubMed Central articles
Reaching with alien limbs: visual exposure to
prosthetic hands in a mirror
[Percept
biases
Psychophys.
proprioception
2006]
without accompanying illusions of ownership.
Visual bias of unseen hand position with a mirror:
spatial and temporal factors. [Exp Brain Res. 2005]
When mirrors lie: "visual capture" of arm position
impairs reaching[Cogn
performance.
Affect Behav Neurosci. 2004]

23: Med Hypotheses. 1999 Apr;52(4):303-5.

Can mirrors alleviate visual hemineglect?
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Following right hemisphere stroke, many patients display an indifference to
objects and events in the left side of the world ('neglect'). Here, we
describe a new technique that might help accelerate recovery from
neglect. The patient sits at a table and a mirror is propped vertically on the
patient's right side in the parasagittal plane, so that when the patient
rotates his head rightward and looks into the mirror, he sees the neglected
side of the world reflected in the mirror. Our question was: since the
sensory information was now coming from the non-neglected left side,
would this somehow make him overcome the neglect? In pilot
experiments, two types of responses were seen: (a) In one subset of
patients the presence of the mirror seemed to enhance the patients'
awareness of the neglected field, so that they reached correctly for an
object that was shown in the neglected field. Will repeated practice with
this task accelerate recovery from neglect? (b) The second group of
patients kept reaching into the mirror to grasp the reflection or kept
groping behind the mirror ('mirror agnosia'). If the mirror was placed in
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groping behind the mirror ('mirror agnosia'). If the mirror was placed in
the coronal position and the object placed behind their head, then some of
these patients (from group B) reached correctly for the object. Quite apart
from its obvious theoretical implications, we believe this technique might
provide a new approach for the treatment of visual hemineglect.
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