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Abstract The purpose of this study was to evaluate the
effects of mirror therapy program in addition with physical
therapy methods on upper limb recovery in patients with
subacute ischemic stroke. 15 subjects followed a compre-
hensive rehabilitative treatment, 8 subjects received only
control therapy (CT) and 7 subjects received mirror therapy
(MT) for 30 min every day, five times a week, for 6 weeks
in addition to the conventional therapy. Brunnstrom stages,
Fugl-Meyer Assessment (upper extremity), the Ashworth
Scale, and Bhakta Test (finger flexion scale) were used to
assess changes in upper limb motor recovery and motor
function after intervention. After 6 weeks of treatment,
patients in both groups showed significant improvements in
the variables measured. Patients who received MT showed
greater improvements compared to the CT group. The MT
treatment results included: improvement of motor func-
tions, manual skills and activities of daily living. The best
results were obtained when the treatment was started soon
after the stroke. MT is an easy and low-cost method to
improve motor recovery of the upper limb.
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Introduction

Stroke is one of the most frequent disabling pathologies in
neurological practice [1], and a significant proportion of the
survivors does not achieve a good quality of life despite all
therapeutic intervention [2]. Although complex motor,
sensory and cognitive dysfunctions contribute in various
proportions to the global disability, motor impairment is
often the most striking deficit. While direct lesions/de-
struction of the motor structures certainly plays the most
important role in causing neurological dysfunction, im-
balance in cerebral informational systems and reaction
mechanisms responding to damage—and similarly to
training—account both for part of the dysfunction and for
the recovery process. Considering that natural recovery is
the result of brain’s effort to rebalance itself, rehabilitation
should guide neuroplasticity until best use of the existing
resources is achieved.

Gait is crucial to most current activities, and is often one
of the first targets of a structured rehabilitation program.
Since long-time compliance to intensive rehabilitation is
difficult to achieve and also since lower limb recovers more
easily, many of the stroke survivors attain lower levels of
performance of the upper limb [3], with up to 70-80 % of
them maintaining persistent impairment of the upper ex-
tremity movement [4]. This is why newer rehabilitation
approaches—as constraint-induced movement therapy,
mental practice, mirror therapy, virtual reality or repetitive
task practice, concentrate on the upper limb in an effort to
improve its functional prognosis.

Mirror therapy (MT) has been developed by Ra-
machandran and Roger-Ramachandran [5] in an attempt to
control abnormal sensation in phantom limb syndrome. It
has also been used in complex regional pain syndrome [6],
amputation [7, 8] and stroke [7]. It acts by providing a false
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input to the brain, that in turn integrates it into a multi-
modal sensation or action: the patient has the illusion that
the healthy limb he sees moving in the mirror is the af-
fected one (that is hidden behind it), and associates correct
movement with his intention/tentative.

The exact mechanisms mirror therapy triggers are not
clear. Different methods to evaluate cortical reaction and
variable clinical paradigms make results difficult to com-
pare and interpret—it is clear though that mirror-assisted
movement influences the inter-hemispheric dialog, and that
more than just motor areas are activated. In a magnetoen-
cephalography study, presence of the mirror changed the
initial asymmetrical pattern of activation elicited during
bimanual tasks in stroke patients to a more symmetrical
pattern [9]. Similar results—with a shift in activation bal-
ance within the primary motor cortices toward the affected
hemisphere solely in the mirror group—were found in an
fMRI study [10]. Presence of the mirror did not increase
excitability in the opposite M1 area in the absence of motor
training in normal subjects, but it has modulated inter-
hemispheric transcallosal inhibition, increasing the effect
the active hemisphere has on the contralateral one [11]. In
other papers, authors conclude that the non-moving/af-
fected M1 area is activated after mirror therapy [12, 13].
The mirror illusion increases activity in the precuneus and
the posterior cingulate cortex, areas associated with
awareness of the self and spatial attention [14].

There are a limited number of studies on mirror ther-
apy in stroke. A 2009 review [15] identified 5 studies, in
2012 another review found 14 studies [16] while in 2014
a number of 33 articles were found suitable [14]. Most of
the available reviews show that mirror therapy is able to
improve upper limb function [7, 15-18]. Whether it is
able to do so alone or just in association with other
therapeutic approaches is not clear, as most of the study
paradigms associate MT with another type of therapy. An
overview of Cochrane and other database reviews on
different interventions that are thought to improve upper
limb function in stroke provided moderate-quality evi-
dence for a beneficial effect of MT on impairment, upper
limb function and activities of daily living, suggesting that
it may be effective. The same review concludes that in
present, no high-quality evidence can be found in support
of any of the approaches (either specialized interventions
or part of routine practice), and also that evidence is in-
sufficient to enable comparison of the relative effective-
ness of interventions [17].

Mirror therapy has been studied in several clinical trials,
but most of the patients were in the chronic phase of stroke.
In this study, we try to evaluate the efficacy of MT com-
bined with classical treatment in improving motor recovery
of the upper limb in subacute stroke patients and also we
try to evaluate if this simple, cost-effective therapy can be
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beneficial for patients recovering from the early phase after
stroke.

Patients and methods

Twenty-three patients with hemiparesis following a first
stroke (documented by CT scan), time from stroke (be-
tween 1 and 3 months) and without severe attention deficit,
were selected for the study. After clinical and paraclinical
evaluation, 5 patients were excluded. Exclusion criteria
were global aphasia, cognitive impairments that might in-
terfere with understanding instructions for testing, con-
comitant progressive central or peripheral nervous system
disorders. Patients were informed about the objective of the
study and were required written consent. 15 participants
with subacute ischemic stroke, both women and men aged
between 56 and 68 years, agreed and signed an informed
consent form before joining the study. The study was re-
alized in the Clinical Hospital of Rehabilitation, in the
Department of Neurological Rehabilitation and was carried
out in accordance with the Helsinki Declaration.

After enrolment patient information was entered into a
computer. The computer randomly assigns patients in two
groups: mirror therapy group (MT) and control group (CT).
This was a single-blinded trial. All the patients received a
6-week conventional stroke rehabilitation program for the
upper limb, consisting of five—half an hour sessions a
week. The control therapy consisted in neurorehabilitation
techniques, electrical stimulation and occupational therapy.
Flow chart of the trial selection process can be seen in
Fig. 1.

The MT group received both, control therapy and
30-min mirror therapy sessions (5 session/week, 6 weeks)
consisting of mirror seen unaffected upper limb move-
ments. Patients were seated on a chair, with the mirror
positioned between the upper limbs perpendicular to the
subject’s midline and with the unaffected upper limb facing
the reflective surface. Under the supervision of the phys-
iotherapist, the patients observed the reflection of their
unaffected limb while performing the following move-
ments with the both arms, the affected one as good as
possible: flexion and extension of the shoulder, elbow,
wrist and finger, prone supination of the forearm (Fig. 2).

Motor recovery was measured using the Brunnstrom
stages, the Fugl-Meyer Assessment (upper extremity), the
Ashworth Scale and the Bhakta test. The Fugl-Meyer
Assessment (FMA) upper extremity is a stroke-specific,
performance-based impairment index. It is designed to
assess motor functioning, sensation and joint functioning
(passive joint motion and joint pain) in patients with post-
stroke hemiplegia [19, 20]. It is applied clinically and in
research to determine disease severity, describe motor
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Fig. 1 Flow chart of the trial
selection process

[ Enrolment ]

Assessed for eligibility (n= 23)

Excluded (n=8)

-Not meeting inclusion criteria (n=5)
-Declined to participate (n=3)
-Other reasons (n=0)

Randomized (n= 15)

Mirror therapy group (n=7)
Conventional stroke rehabilitation
program and 30 sessions of mirror

therapy

Control treatment group (n=8)
Conventional stroke rehabilitation program

Allocation ]

Lost to follow-up

(give reasons) (n=0)

Discontinued intervention (give reasons)

(n=0)

Follow-Up ]

Lost to follow-up (give reasons) (n=0)
Discontinued intervention (give reasons)
(0=0)

Analysed (n=7)
Excluded from analysis (give reasons)
(n=0)

Analysis ]

Fig. 2 Patient following mirror therapy

Analysed (n=8)
Excluded from analysis (give reasons) (n=0)
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recovery, and plan and assess treatment. The Ashworth
Scale is widely used for grading spasticity in patients with
lesions of the central nervous system. Scores range from
O0—indicates no resistance to 5—indicates rigidity [21].

The finger flexion scale (Bhakta) estimates the number of
how many fingers of the examiner may enter without diffi-
culty into the palm of the hand of the person assessed:
0-clenched fist, 1 finger: 4 open, 2 fingers: 2 open, 3 fingers:
% open, 4 fingers: fully open [22]. Initial and final eval-
uations were made 1 day before and 1 day after the treatment
period. None of the patients missed a session during the study
and all of them finished the treatment period.

The statistical analysis of the results was performed
using the software package STATISTICA 6.0 (StatSoft
Inc., USA). The values are presented as mean values and
standard deviation (M % s). To compare age, gender, af-
fected side, stroke duration, we used ¢ student test and for
Brunnstrom stages, the Fugl-Meyer Assessment (upper
extremity), the Ashworth Scale and the Bhakta Test we
used one-way analysis of variance (ANOVA) to determine
the differences between the groups. The values were con-
sidered statistically significant at the 5 % level (p < 0.05).

Results

We compared the baseline characteristics among 7 patients
of the MT group and 8 patients of the control group, who
received treatments for 6 weeks. There were no statistically
significant differences in the sex, age, sites of stroke, and
affected sides between the two groups (Table 1). The
baseline assessments had no statistically significant dif-
ference between the groups. All parameters in the MT
combined with conventional stroke rehabilitation program
group showed significant improvements when compared
with control group.

The Brunnstrom stage initial was 3.16 = 0.71 and after
therapy 4.52 + 0.54 with p < 0.005 for patients in MT
group. Also in CT was 3.28 +£ 0.75 before and 4.33 4 0.89
after treatment with p < 0.05. The Fugl-Meyer Assess-
ment upper extremity score was 34.1 + 8.4 before and
46.5 £ 7.5 after 6 weeks of rehabilitation, with p < 0.01 in
MT group. In the control group, there were small statisti-
cally significant improvements in the Fugl-Meyer
Assessment, p < 0.05 (Table 1). When we compare initial
and final values using the Ashworth Scale, we see im-
provements in elbow (p < 0.02), wrist (p < 0.04) for the
MT group and for the CT group, improvements were only
in wrist level (p < 0.05). Finger flexion scale was statisti-
cally significant in MT group with values before
3.44 £ 0.52 and after 3.88 & 0.33 therapy, p < 0.04. For
the CT, we did not find any statistically significant im-
provement (Table 1).
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Table 1 Patients characteristic before and after therapy

MT (N=17) CT (N =8) p

Mean age(years) 582+ 72 56.8 &+ 8.3 0.72
Gender (female/male) 4/3 4/4 0.41
Affected side (right/left) 52 5/3 0.73
Stroke duration (days) 543 +79 522 £ 12.7 0.38
Brunnstrom Stage

Initial 3.16 £ 0.71 328 £0.75 0.72

Final 4.52 £ 0.54 4.33 £ 0.89 0.68

p 0.005 0.05
Fugl-Meyer Assessment

Upper extremity initial 34.1 £ 84 38.6 £ 6.2 0.22

Upper extremity final 465 £ 7.5 473 £63 0.84

p 0.01 0.04
Ashworth Scale

Shoulder initial 1.72 £ 0.36 1.83 £ 1.44 0.34
Shoulder final 1.53 £ 0.35 1.61 £+ 0.41 0.14
p 0.21 0.32
Elbow initial 1.83 £ 0.55 1.55 £ 0.46 0.26
Elbow final 1.27 £ 0.36 1.33 £ 043 0.77
p 0.02 0.30
Wrist initial 1.55 + 0.48 1.61 £ 0.33 0.19
Wrist final 1.11 £ 0.22 1.38 £ 0.22 0.01
p 0.04 0.05
Bhakta Test
Initial 344 £ 0.52 322 £0.19 0.34
Final 3.88 +£0.33 355+ 0.52 0.05
p 0.04 0.16

The p value is a function of the observed sample results (a statistic)
that is used for testing a statistical hypothesis. The smaller the p value,
the larger the significance because it tell us that the hypothesis under
consideration may not adequately explain the observation. We use the
term p to describe the probability of observing such a large difference
purely by chance in two groups of exactly-the-same people. So 0.5
means a 50 % chance and 0.05 means a 5 % chance

p > 0.05 means not statistically significant (the values are not in bold)

p < 0.05 means statistically significant (the values are in bold)

After 6 weeks of treatment, patients of MT showed
improvements in the Fugl-Meyer Assessment (p < 0.01),
in the Ashworth Scale only for elbow (p < 0.02), wrist
(p < 0.04) and the Bhakta test (p < 0.04) compared to the
CT group. If painful symptoms generally improved, ac-
cording to patients, the statistical processing has not
achieved significant results. Both MT and CT were well
tolerated and no relevant adverse event was recorded dur-
ing the study.

Our patients also followed an exercise program for the
hand. The practice consisted of no paretic side wrist and
finger flexion and extension movements and also prehen-
sions while patients looked into the mirror, watching the
image of their non-involved hand, thus seeing the reflection
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of the hand movement projected over the involved hand.
The most important results that we found are in the wrist
articulation. As a result, the initial and the final measure-
ments showed that extension increased from 40° £+ 7.07°
t0 56.6° &+ 7.06° in MT group (p < 0.02); flexion increased
from 50.5° + 9.5° to 63.8° £ 15.5° (p < 0.02); pronation
from 38.5° £ 7.5° to 57.1° £+ 11.2°, p < 0.05; supination
from 41.4° £ 7.3° to 48.5° &+ 9.7°, p < 0.08 in the same
group. In the CT group, we found small improvements, but
only in pronation (p < 0.05). Elbow joint testing shows
improvements in flexion in MT group (p < 0.05). For
shoulder, we did not find any statistically significant im-
provement in any groups.

The MT group had better results, as an effect of the
mirror therapy. MT has produced significant improvements
when was added to the conventional treatment. From these
findings, it can be concluded that there is a significantly
greater effectiveness of mirror therapy in stroke patients
compared to control treatment.

Discussions

In our study, all the patients received a conventional stroke
rehabilitation program for the upper limb, consisting in
neurorehabilitation techniques, electrical stimulation and
occupational therapy (5 half-hour sessions a week, for
6 weeks). The MT group received beside this program
30 min of mirror therapy. After 6 weeks of treatment, pa-
tients of MT showed improvements in the Brunnstrom
stage (p <0.005), in the Fugl-Meyer Assessment
(p <0.01), in the Ashworth Scale only for elbow
(p < 0.02), wrist (p < 0.04) and the Bhakta test (p < 0.04)
compared to the CT group. Most improvements were found
in the wrist articulation for extension (p < 0.02), flexion
(» < 0.02), pronation (p < 0.05) and in elbow only for
flexion (p < 0.05). For shoulder, we did not find any sta-
tistically significant improvement in any groups. Both MT
and CT were well tolerated and no relevant adverse event
was recorded during the study.

Motor recovery follows a fairly typical schedule in
stroke patients, with earlier progress in proximal, global
patterns of movement and later (and often incomplete)
improvement of the distal abilities. More conscious effort
is needed—compared to brute, primitive patterns of
movement—when performing fine precise gestures. Inten-
sive/enriched rehabilitation procedures are usually target-
ing this latter part of the recovery process, and although
they seem to be effective, it is not clear how they work.
They add to classical motor approaches a multimodal
stimulation and, probably more important, constant
stimulation of conscious control mechanisms, endurance
and skilled movement, sensory attention—through all these

mechanisms motor enrichment therapies might activate
dormant plasticity mechanisms [23].

When its normal activity is disrupted, the brain tries to
reach equilibrium in the least “expensive” way. On a
clinical level, when a limb is impaired for a long period of
time, learned non-use adds to the initial dysfunction, and
the limb is no longer taken into account as the patient
manages all actions with the functional limb (emergence of
working compensatory behaviors inhibits the use of the
available, but underused motor systems) [24]. On a cortical
reactivity level, the initial dysbalance of hemispheric ac-
tivity may be followed by an inhibition of the lesion side by
the healthy hemisphere, thus preventing it from fully
reaching its potential [25, 26]. Temporary non-functional
areas tend to lose their functional connections and in time
may become permanently mute/non-functional [27].

‘Proper visual input’ provided by MT may substitute for
some of the missing proprioceptive input from the affected
body side [28, 29]. Facilitation of self-awareness, increased
spatial attention, and intense concentration required to
complete the bimanual task might contribute to better re-
source utilization and improved quality of movement [27].

It has been shown that incorporating mirror therapy into
the conventional stroke rehabilitation program during the
early stages [30, 31] of treatment, but also in early chronic
stroke [32, 33] and applying it for a sufficiently long period
might generate a supplementary improvement of the upper
limb function.

Our treatment program was comparable to other studies
in terms of intensity and duration [30-33]. Based on the
data in the literature and on previous experience, we have
appreciated that half an hour rehabilitation sessions suffice,
avoiding excessive stress on the patient—mental effort that
was required during the MT training was very tiring for the
patients, as some of them stated that “I feel less tired when
I’'m walking for 1 h” or “I feel that something it’s hap-
pening in my brain, I feel that it works and it is tired.” The
therapist had the task to ensure the full collaboration of the
patient. As we have stated before, attention and complexity
of the task are important characteristics that are crucial for
the ability of a procedure to induce long-term neuroplas-
ticity [27].

In our study, there was a tendency for better results in
patients that had started rehabilitation (and MT) immedi-
ately after the stroke, but the size of the study group was
not large enough to allow a clear conclusion. As stroke
survivors acquire incorrect movement patterns, it is more
difficult to replace them with normal motor behavior, and
MT could help in correcting these issues.

One of the limitations of our study is the lack of a
comprehensive cognitive evaluation (as the impact of at-
tention-dependent techniques might reversely correlate
with the patient’s cognitive loss). Since we have

@ Springer



Acta Neurol Belg

anticipated an important role for patients’ degree of in-
volvement, initial patient selection has discarded patients
with major cognitive loss, and none of the included patients
showed signs of significant depression. Still, a detailed
evaluation might provide information on the exact cogni-
tive domain that has the most importance for rehabilitation.

Adding MT to classical rehabilitation had beneficial
effects in terms of motor abilities. The rehabilitation gains
were important during treatment, but might be easily lost—
especially in case of acute and subacute patients—if re-
habilitation ceases [27]. Only few of the previous studies
have had a long-term follow-up [32]. Whether the advan-
tage generated by the use of MT persists in time remains to
be established, and follow-up might have brought inter-
esting data about the therapeutic effect of our approach.

The tools that we have used to evaluate motor perfor-
mance provided basic, clear information. Evolution of
these parameters during the study (improvement of
movement both in distal joints and the elbow, but not in the
shoulder) suggests that use of more complex, function-
oriented tests (as the 9-hole Pegboard test, Wolf motor
function [34], and possibly box and block test or action
research arm test [31]), might provide further information
on the possible impact of MT use on daily activities.

Our study has shown that after 6 weeks of treatment, the
MT group improved more than the CT group in most of the
functional parameters of the hemiparetic upper extremity
as measured by the Fugl-Meyer Assessment. These results
indicate that MT can be effective in improving motor
functions in stroke patients. Still, the small number of
subjects in our study decreases the statistical power to
detect differences between groups, and does not allow us to
fully generalize our results.

Conclusions

This study shows that 30 min 5 days of week for 6 weeks
of mirror therapy in addition to a conventional stroke re-
habilitation program was beneficial in terms of motor re-
covery of upper limb.

Acknowledgments The research is not financed.

Conflict of interest The authors declare that they have no conflict
of interest.

Ethical standard The authors declare that participation were vol-
untary, all subjects gave their informed consent before entering the
study. The study was carried out in accordance with the Helsinki
Declaration.

Informed consent Informed consent for publication was obtained
from the patient.

@ Springer

References

1. Lloyd-Jones D, Adams RJ, Brown TM et al (2010) Heart disease
and stroke statistics—2010 update: a report from the American
Heart Association. Circulation 121:e46—e215

2. Lai SM, Studenski S, Duncan PW, Perera S (2002) Persisting
consequences of stroke measured by the Stroke Impact Scale.
Stroke 33:1840-1844

3. Broeks JG, Lankhorst GJ, Rumping K, Prevo AJ (1999) The
long-term outcome of arm function after stroke: results of a
follow-up study. Disabil Rehabil 21:357-364

4. Pang MY, Harris JE, Eng JJ (1996) A community-based upper-
extremity group exercise program improves motor function and
performance of functional activities in chronic stroke: a ran-
domized controlled trial. Arch Phys Med Rehabil 87:1-9

5. Ramachandran VS, Rogers-Ramachandran D (1996) Synaesthe-
sia in phantom limbs induced with mirrors. Proc Biol Sci
263:377-386

6. Moseley GR (2004) Graded motor imagery is effective for long-
standing complex regional pain syndrome: a randomised con-
trolled trial. Pain 108:192-198

7. Rothgangel AS, Braunn SM, Beurskens AJ, Seitz RJ, Wade
DT (2011) The clinical aspects of mirror therapy in reha-
bilitation: a systematic review of the literature. Int J Rehabil
Res 34:1-3

8. Tung ML, Murphy IC, Griffin SC et al (2014) Observation of
limb movements reduces phantom limb pain in bilateral am-
putees. Ann Clin Transl Neurol. 1:633-638

9. Rossiter HE, Borrelli MR, Borchert RJ, Bradbury D, Ward NS
(2014) Cortical mechanisms of Mirror therapy after stroke.
Neurorehabil Neural Repair. doi:10.1177/1545968314554622

10. Michielsen ME, Selles RW, van der Geest JN et al (2011) Motor
recovery and cortical reorganization after mirror therapy in
chronic stroke patients: a phase II randomized controlled trial.
Neurorehabil Neural Repair 25:223-233

11. Avanzino L, Raffo A, Pelosin E, Ogliastro C, Marchese R,
Ruggeri P, Abbruzzese G (2014) Training based on mirror visual
feedback influences transcallosal communication. Eur J Neurosci
40:2581-2588

12. Garry MI, Loftus A, Summers JJ (2005) Mirror, mirror on the
wall: viewing a mirror reflection of unilateral hand movements
facilitates  ipsilateral M1 excitability. Exp Brain Res
163:118-122

13. Michielsen ME, Smits M, Ribbers GM et al (2011) The neuronal
correlates of mirror therapy: an fMRI study on mirror induced
visual illusions in patients with stroke. J Neurol Neurosurg Psy-
chiatry 82:393-398

14. Deconinck FJ, Smorenburg AR, Benham A, Ledebt A, Feltham
MG, Savelsbergh GJ (2014) Reflections on Mirror therapy: a
systematic review of the effect of mirror visual feedback on the
brain. Neurorehabil Neural Repair. pii: 1545968314546134
(Epub ahead of print)

15. Ezendam D, Bongers RM, Jannink MJ (2009) Systematic review
of the effectiveness of mirror therapy in upper extremity function.
Disabil Rehabil 31:2135-2149

16. Thieme H, Mehrholz J, Pohl M, Behrens J, Dohle C (2012)
Mirror therapy for improving motor function after stroke.
Cochrane Database Syst Rev 3:CD008449

17. Pollock A, Farmer SE, Brady MC et al (2014) Interventions for
improving upper limb function after stroke. Cochrane Database
of Systematic Reviews 11:CD010820

18. Nilsen DM, Gillen G, Geller D, Hreha K, Osei E, Saleem GT
(2015) Effectiveness of interventions to improve occupational
performance of people with motor impairments after stroke: an
evidence-based review. Am J Occup Ther 69:6901180030p1-9


http://dx.doi.org/10.1177/1545968314554622

Acta Neurol Belg

19.

20.

21.

22.

23.

24.

25.

26.

27.

Fugl-Meyer AR, Jdidsko L, Leyman I, Olsson S, Steglind S (1975)
The post-stroke hemiplegic patient. A method for evaluation of
physical performance. Scand J Rehabil Med 7:13-31

Gladstone DJ, Danells CJ, Black SE (2002) The Fugl-Meyer
Assessment of Motor Recovery after Stroke: a critical review of
its measurement properties. Neurorehabil Neural Repair
16:232-240

Ashworth B (1964) Preliminary trial of carisoprodol in multiple
sclerosis. Practitioner 192:540-542

Bhakta BB, Cozens JA, Chamberlain MA, Bamford JM (2000)
Impact of botulinum toxin type A on disability and carer burden
due to arm spasticity after stroke: a randomised double blind
placebo controlled trial. J Neurol Neurosurg Psychiatry
69:217-221

Kleim JA, Jones TA, Schallert T (2003) Motor enrichment and
the induction of plasticity before or after brain injury. Neurochem
Res 28:1757-1769

Whishaw 1Q (2000) Loss of the innate cortical engram for action
patterns used in skilled reaching and the development of behav-
ioral compensation following motor cortex lesions in the rat.
Neuropharmacology 39:788-805

Carey JR, Kimberley TJ, Lewis SM, Auerbach EJ, Dorsey L et al
(2002) Analysis of fMRI and finger tracking training in subjects
with chronic stroke. Brain 125:773-788

Rossini PM, Dal Forno G (2004) Neuronal post-stroke plasticity
in the adult. Restor Neurol Neurosci 22:193-206

Kleim JA, Jones TA (2008) Principles of experience-dependent
neural plasticity: implications for rehabilitation after brain

28.

29.

30.

31.

32.

33.

34.

damage. Journal of Speech, Language, and Hearing Research
51:8225-S239

Flor H, Diers M (2009) Sensorimotor training and cortical reor-
ganisation. Neurorehabilitation 25:19-27

O’Bryant O, Bernier B, Jones TA (2007) Abnormalities in skilled
reaching movements are improved by peripheral anesthetization
of the less-affected forelimb after sensorimotor cortical infarcts in
rats. Behav Brain Res 177:298-307

Dohle C, Pullen J, Nakaten A, Kust J, Rietz C, Karbe H (2009)
Mirror therapy promotes recovery from severe hemiparesis: a
randomized controlled trial. Neurorehabilitation and neural repair
23:209-217

Invernizzi M, Negrini S, Carda S (2013) The value of adding
mirror therapy for upper limb motor recovery of subacute stroke
patients. Eur J Phys Rehabil Med 49:311-317

Yavuzer G, Selles R, Sezer N et al (2008) Mirror therapy im-
proves hand function in subacute stroke: a randomized controlled
trial. Arch Phys Med Rehabil 89:393-398

Lee MM, Cho HY, Song CH (2012) The mirror therapy program
enhances upper-limb motor recovery and motor function in acute
stroke patients. Am J Phys Med Rehabil 91:689-696

Yoon JA, Koo BI, Shin MJ, Shin YB, Ko HY, Shin YI (2014)
Effect of constraint-induced movement therapy and mirror ther-
apy for patients with subacute stroke. Ann Rehabil Med
38:458-466

@ Springer



	Mirror therapy enhances upper extremity motor recovery in stroke patients
	Abstract
	Introduction
	Patients and methods
	Results
	Discussions
	Conclusions
	Acknowledgments
	References




