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ABSTRACT 

Stroke has been considered as one of the main causes of death and of motor and cognitive sequels. Especially, many 
patients with upper limb hemiparesis improved their motor action and showed meaningful cortical changes after treat- 
ment with constraint-induced movement therapy. Therefore, this review aims to verify the literature about neuroimag- 
ing and behavioral evidences in the cortical reorganization through the use of the constraint-induced movement therapy. 
So, we conducted the literature research in indexed journals from many databases like Pubmed, Medline, Cochrane Da- 
tabase, Lilacs and Scielo. We concluded that the behavioral and neuroimaging studies using traditional and modified 
constraint-induced movement therapy promote cortical reorganization. 
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1. Introduction 

The cerebral vascular accident (CVA) is a frequent injury 
caused by the interruption of blood supply to the brain, 
resulting in oxygen deprivation. The CVA is one of the 
main causes of motor and cognitive impairments and 
death [1]. Particularly, upper limb hemiparesis, in many 
cases, has been the first complication of the vascular ac- 
cident [2]. Experiments using cortical stimulation and 
functional image in animals and humans indicated that 
certain rehabilitation techniques tend to promote brain 
reorganization and improve upper limbs’ activity [3]. Spe- 
cifically, Constraint-Induced Movement Therapy (CIMT) 
[4,5] has shown positive results in the treatment of upper 
limb motor sequels [5]. 

In the beginning, this treatment model was developed 
from observations in primates, which had their upper 
limbs deprived of motor action; later, this model was ap- 
plied by Eduard Taub in hemiparesis patients during 
motor function recovery. This treatment was initially 

explored in order to observe changes in compromised 
adjacent cortical regions [6]. Since then, many studies 
have been conducted with the objective of improving the 
technical knowledge about the benefits of CIMT. It is 
known that this technique provides positive results re- 
garding the improvement of the affected upper limbs, re- 
sulting in increased quality of life for the patient [5]. Re- 
searchers relate these behavioral gains with enlargement 
of the cortical excitability area [7,8], and neurophysi- 
ologic principles and neuroimaging tools promote an 
understanding of how this reorganization of the central 
nervous system influences the recovery process of the 
individual [9]. 

The present literature review focuses on comparing 
new models of CIMT with the traditional view, in order 
to observe how much this new approach may benefit pa- 
tients, and supposedly, the cortical changes were involv- 
ed. Additionally, we present the foundations of brain re- 
search, and evidence linking cortical reorganization with 
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CIMT. For this reason, we searched for English-written 
articles indexed in Pubmed, Medline, Cochrane, Lilacs 
and SciELO databases, using the key words “stroke”, 
“stroke rehabilitation”, “constraint-induced movement 
therapy”, “cortical reorganization” and “neuroplasticity”. 

1.1. Methodology 

We conducted a PubMed academic paper search focus- 
ing on articles written in English from 1985 to the pre- 
sent day (i.e., twenty eight years); only researches con- 
ducted with people and case-reports or original articles 
were included. Thus, for this integrative review, we em- 
ployed the following search terms: constraint-induced 
movement therapy, modified constraint induced therapy, 
stroke, stroke rehabilitation, cortical reorganization, hu- 
man brain, neurophysiology, neuroplasticity, hemiparesis 
and upper extremity. In our research, we combined the 
term “CIMT” with the afore-mentioned terms and we 
only selected the articles that reported the parietal areas 
as search term. Search results were then manually re- 
viewed and the articles were considered for analysis; 
their relevance was determined by our consensus and by 
overall manuscript quality. 

1.2. Results 

We selected 23 articles with the combination of the 
terms “CIMT” and “CIMT modified” 14 articles with 
“stroke” and “stroke rehabilitation”; 13 articles with 
“cortical reorganization” and “human brain”; 13 articles 
with “neurophysiology” and “neuroplasticity”, 12 articles 
with “hemiparesis”, and “upper extremity”. After this 
selection, we used 75 articles which fulfilled the objec- 
tive of the study. 

2. Types of Constraint-Induced Movement 
Therapy 

Experiments using behavioral assessments, cortical stimu- 
lation and neuroimaging tools showed us that these reha- 
bilitation techniques generate positive results in the re- 
covery of Stroke patients. [10,11]. A recent form of re- 
habilitation for these patients is constraint-induced move- 
ment therapy [4,5]. Specifically, the treatment developed 
by Edward Taub in the late 1970s and early 1980s con- 
sists in restricting the movement of the unaffected upper 
limb during 90% of the patient’s awake time for a period 
of 14 consecutive days, and it involves specific training 
for about 6 hours a day for 10 consecutive days [12,13]. 
During the intervention, the patient wears a glove on the 
free hand that can be removed to perform activities such 
as washing hands and using the restroom [14]. Specific 
training, known as “shaping”, is a conditioning method 
in which the difficulty of the motor tasks increases pro-  

gressively [15].  
However, for many post-stroke patients, the traditional 

protocol can be hardly accessible, due to the intense 
workout routines, the program duration [16] and the cost 
of treatment in a specialized clinic. Thus, with the objec- 
tive of facilitating the application of the technique, Page 
et al. [16] created a new protocol in which they de- 
creased the intensive training session of the affected up- 
per limb and the retention time of the unaffected upper 
limb. The training began to be conducted three days a 
week and at the same time they restricted the unaffected 
limb for 5 hours per day, 5 days a week for a period of 10 
weeks, and they found positive results. 

Therefore, a more accessible modified version of the 
CIMT protocol (mCIMT) has been proposed by some 
researchers [16,17]. The mCIMT also aims to the immo- 
bilization of the unaffected limb, conditioning the af- 
fected one; however, the periods of immobilization and 
attendance at the clinic are shorter [18]. The convenience 
of this procedure provided greater clinical implementa- 
tion of the technique in a larger number of patients [16]. 
Furthermore, the effectiveness of the technique originally 
developed by Eduard Taub was not compromised after 
its modification. This has been observed in several stud- 
ies showing that mCIMT can improve the ability of the 
paretic upper extremity [1,3] (Table 1). 

2.1. Neuroimaging and Electrophysiology  
Foundations 

More non-invasive neuroimaging techniques have been 
of crescent interest to examine the behavioral changes 
and neural mechanisms, thus resulting in the develop- 
ment of new approaches to improve motor rehabilitation 
[19]. The neuroimaging techniques have been considered 
as promising to assess cortical connectivity. Because of 
their importance, many studies have utilized these tools 
to improve knowledge about CIMT, understand the neu- 
rophysiological variables related to the application of the 
technique and ultimately provide a better understanding 
as to its benefits. Non-invasive brain research tools such 
as functional magnetic resonance imaging (fMRI), posi- 
tron emission tomography (PET), electroencephalogra- 
phy (EEG) and transcranial magnetic stimulation (TMS) 
have been used to examine changes in the neural mecha- 
nisms during treatments with CIMT [19]. Therefore, the 
following paragraphs will provide a brief review of elec- 
tro-physiological fundaments and their importance, in 
order to answer questions about the cortical changes 
caused by CIMT. 

2.1.1. Electroencephalography 
The electroencephalogram (EEG) records electrical cur- 
rents from the variations of neuron’s action potentials in 
the cerebral cortex. For this purpose, electrodes are placed  
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Table 1. Studies developed using EEG, TMS, PET, fMRI tools and MAL, WMFT and FM scales.  

Study N Tool CIMT protocol Results 

Milter et al., [6] 15 MAL and WMFT 
90%REST- 
07hrsT.14D 

Significant increase of upper limb functionality and affected hemisphere.

Lipert et al., [7] 13 TMS 
90%REST 

06hrsT.12D 
Significant increase of hand functionality and affected hemisphere. 

Sterr et al., [4] 15 MAL and WMFT 
90%REST- 

06hrsT. 14D. 
Significant improvements in motor function and increased use of the  

affected hand. 

Schaechter et al., [61] 4 
MAL, FM and 

fMRI 
90%REST- 
4hrsT.14D 

Significant increase in cortical activation in affected hemisphere. 

Wittenberg et al., [59] 16 
MAL, WMFT, 
PET and TMS 

90%REST- 
06hrsT. 10D. 

Cerebral activation during a motor task decreased significantly, and motor 
map size increased in the affected hemisphere motor cortex. 

Könönen et al., [72] 12 PET 
90%REST- 

06hrsT. 14D. 
Significant increase of blood perfusion in pre-motor affected hemisphere; 

cingulate unaffected hemisphere and in two cerebellum hemispheres. 

Szaflarski et al., [17] 7 
MAL, FMA and 

fMRI 
5hrs REST- 

30minT. 10D 
Significant increase in cortical activation in affected and  

unaffected hemisphere. 

Taub et al., [50] 21 MAL, WMFT 
90%REST- 

03hrsT. 14D. 
Significant increase of affected upper limb functionality. 

Junger et al., [71]. 
 

10 
fMRI 

90%REST- 
06hrsT.12 D. 

Significant increase of affected hand functionality and more activation in 
primary sensorimotor cortex in affected hemisphere. 

Page et al., [53] 4 MAL and FM 
5hrs REST- 

1⁄2-hrT. 10D. 
Significantly increased use of the affected arm and  

increased ability to perform valued activities 

Boake et al., [75] 23 
MAL, TMS and 

FM 
90%REST- 

03hrsT. 14D. 

Improvement in affected hand motor function on the FM associated with a 
greater number of sites on the affected cerebral hemisphere where responses 

of the affected hand were evoked by TMS 

Wu et al., [56] 6 MAL and fMRI 
2hrs/dia REST. 
2hrsT. 3 week 

Significant improvement in motor function of affected upper limb and 
affected hemisphere with increase of the cortical activation. 

Tarkka et al. [25] 13 EEG 
90%REST- 
06hrsT. 14D 

Significant increase of affected hand functionality and more activation in 
motor cortex, pre-motor cortex and the primary motor area in  

both hemispheres. 

 
on the scalp [20] at specific positions where changes of 
neural patterns are identified [21]. The neurons generate 
small electrical currents around cell membranes, specifi- 
cally along the dendrites, and they receive input signals 
from other neurons [22]. These electrical activities result 
from the electrochemical communication among neurons 
and correspond to the information flow occurring in sev- 
eral cortical regions [21]. 

The EEG allows monitoring, identifying and classify- 
ing electrophysiological bioelectrical signals in frequency 
ranges, bands of activity, or brain rhythms, relating them 
to waking and non-waking states [23]. The power spec- 
trum of clinical interest is generally considered starting 
from about 1 - 20 Hz. This frequency range has been tra- 
ditionally divided into frequency bands typically defined 
as delta (1.5 to 3.5 Hz), theta (3.5 to 7.5), alpha (7.5 to 
12.5 Hz) and beta (12.5 to 20 Hz). The recorded activity 
at each electrode can be represented as the absolute 
power in each band, relative power (percentage of total 
energy in each band), coherence (a measure of synchro- 
nization between the activity in two channels), or asym- 
metry (the power ratio in each band between a pair of 
symmetric electrodes) [24]. 

Due to the efficiency of this tool, many studies have 
been performed with the objective of investigating the 
cortical changes resulting from CIMT [25]. The answers 
to these questions are crucial to understand the mecha- 
nisms of the brain plasticity that may ultimately result in 
behavioral gains for the individual affected by stroke 
[15]. 

2.1.2. Transcranial Magnetic Stimulation 
In 1985, Barker and colleagues [26] showed that it was 
possible to stimulate brain regions with little or no pain 
using transcranial magnetic stimulation (TMS). TMS is a 
non-invasive technique originally introduced to investi- 
gate neural propagation [27]. It is a procedure in which a 
magnetic field stimulates electrical activity in the brain 
[28]. It induces electrical currents in cortical neurons by 
placing a small coil on the scalp. Constant changing of 
these currents inside the coil results in the formation of a 
magnetic field, which is able to overcome different levels 
of various structures such as skin, muscle and bone [29]. 

The maximum force field generated by the stimulator 
is able to activate cortical neurons at a depth of 1.5 to 2 
cm under the scalp [30]. It is assumed that magnetic 
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stimulation (100 ms duration) excites a neural population, 
inducing rapid changes in the rate of neural networks for 
only a few milliseconds [31]. The magnitude of the in- 
duced current is dependent on both the magnitude and 
variation rate discharged through the coil; this current 
then produces a brief, but powerful electric field through 
the brain tissue, depolarizing neurons [30]. TMS has dif- 
ferent intensities, frequencies and locations, so the 
stimulus probably occurs in different groups of neurons 
[32]. 

As a research tool, TMS has been applied in several 
studies [33,34]. For instance, Pallanti and Bernardi [35] 
reported that the use of TMS in the dorsolateral prefron- 
tal cortex region reduces the symptoms of anxiety and 
panic disorder. Thus, it is necessary to clearly determine 
the role of TMS for rehabilitation and several studies 
have applied it to investigate cortical changes in subjects 
undergoing CIMT after stroke [36]. 

2.1.3. Functional Magnetic Resonance Imaging 
(fMRI) 

Magnetic resonance imaging (MRI) is a technique that 
allows the visualization of three-dimensional high reso- 
lution tomographic images without ionizing radiation. 
This technology has also allowed the evaluation of pa- 
thological features in a non-invasive way [37]. Further- 
more, MRI is widely used to study the functional or- 
ganization (fMRI) of the human brain, in which neu- 
ronal signals recordings are presented in response to 
magnetic stimuli [38]. The fMRI is not geared specifi- 
cally to investigate clinical aspects. It is also used to 
study healthy individuals and their brain functional 
changes [39]. 

The fMRI analysis is based on a technology that uses a 
strong magnetic field and radio waves to capture the 
hemodynamic and metabolic changes induced by neural 
activity, i.e. by local increases in the blood volume, flow 
and oxygenation [40]. This increase activates an intense 
magnetic field resulting from the alignment of its nuclear 
spins (orientation of subatomic particles when immersed 
in a magnetic field). So, when the radiofrequency pulse is 
launched on the representation of blood, the spins move 
from their original orientation to an excited energy state. 
During this process, the nuclear spins tend to return to 
their initial condition, i.e. the state of lowest energy; 
however, when this occurs, the excess energy is emitted 
in the form of electromagnetic radiation. This energy is 
detected by the fMRI device and allows the formation of 
anatomical images [39]. 

fMRI has been a widely used tool in brain mapping 
research. It allows the studying of neural networks dy- 
namically by tracking specific responses in several spa- 
tial scales; however, fMRI can measure only hemody- 
namic changes such as variations in blood volume, or 

intravascular magnetic susceptibility [41]. Moreover, 
regardless of whether it is an incipient technique, fMRI 
has been applied to a variety of functional studies, rang- 
ing from simple to complex experiments such as neuro- 
psychological investigations [39]. Thus, it stands out by 
allowing the exploration of various brain functions, due 
to its high ability to differentiate tissues. In particular, 
some researchers have used fMRI to observe cortical 
changes in subjects undergoing CIMT. Therefore, Kim et 
al. [42] observed changes in the neural plasticity of the 
premotor cortex and supplementary motor area. These 
studies are very important to understand the efficiency of 
the technique and its effects in post-stroke patients. This 
way, we can offer to patients a therapy to improve their 
functional limitations. 

2.1.4. Positron Emission Tomography (PET) 
Brain mapping techniques are vital for understanding 
molecular, cellular and functional mechanisms [43]. 
Among them, PET is an extremely effective tool for 
mapping functional organization in the human brain, 
contributing not only to rehabilitation, but also to re- 
search [44]. This technique produces a three dimensional 
image of functional processes in the organism [45]. In 
order to perform a scan, a short radioactive tracer isotope 
is injected in the subject (usually in the bloodstream). 
The tracer is chemically incorporated to a biologically 
active molecule, typically a substance such as glucose, 
which can be metabolized by the body cells. [46]. PET 
produces mainly functional and physiological informa- 
tion; anatomical structures are, in turn, difficult to iden- 
tify. Therefore, PET usually has to be combined with 
anatomical methods such as computed tomography or 
magnetic resonance imaging [47]. 

2.1.5. Advantages and Disadvantages 
There are several additional methods that can be used to 
study the contribution of specific cortical networks for 
cognitive and motor functions. For example, PET and 
fMRI are able to reveal brain networks involved in spe- 
cific functions; however, these techniques have poor 
temporal resolution and cannot demonstrate per se 
whether a particular cortical area is essential for a spe- 
cific function [47]. TMS, on the other hand, can inhibit, 
activate, and temporarily disrupt brain activity, allowing 
the function evaluation on a scale of milliseconds [30, 
36,48]. Yet, EEG studies typically suffer from poor spa- 
tial resolution with a relatively imprecise location of 
electromagnetic patterns associated with the neural cur- 
rent flow [38]. Notwithstanding, the low cost of the ex- 
amination and its great ability to measure spontaneous 
brain activity seem to attract professionals to use this tool 
[21]. The high density of the EEG, combined with TMS, 
provides a direct and non-invasive measure of cortical 
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excitability and connectivity in humans. These tech- 
niques may be used to track changes over time, such as 
pathological, plastic and therapy-induced modifications 
in cortical circuits [49].  

2.2. Effects of Constraint-Induced Movement 
Therapy on Post-Stroke Patients:  
Behavioral Results 

Several investigations have been conducted in order to 
analyze whether CIMT is effective in individuals with a 
hemiparetic upper limb after stroke [50]. Milter et al. [6] 
restricted the movement of the unaffected upper extreme- 
ity of 15 hemiplegics for 90% of the time when they 
were awake. Patients underwent the CIMT for 14 con- 
secutive days with a daily 7 hour intervention. In this 
study they used Motor Activity Log (MAL) and Wolf 
Motors Functional Test (WMFT) scales to verify the 
functional condition of individuals. They executed the 
evaluations with this scale on five occasions: 1) 15 days 
before treatment, 2) one day before and 3) one day after 
treatment, 4) four weeks and 5) six months after treat- 
ment. In this experiment they concluded that the CIMT 
shows positive results in the hemiparetic upper limb re- 
habilitation in Stroke patients.  

Kuntel et al. [51] conducted a study with five chronic 
and moderate motor deficit Stroke patients. They re- 
stricted the unaffected upper end of the limb with a sling 
for 14 days. The patients used the sling 6 hours per day 
and executed the task with the affected extremity. The 
researchers observed changes in the affected upper limb 
through the Motor Activity Log (MAL), Wolf Motor 
Function Test (WMFT) and Arm Motor Ability Test 
(AMAT) before and after treatment. They found large 
improvement in the amplitude of the movements, with 
significant changes in the scale results used to monitor 
the groups studied. 

Edward Taub, one of the creators of CIMT, said that 
techniques that induce the patient to use the affected limb 
should be considered efficient because they stimulate 
cortical reorganization and increase the use of such limb 
[52]. Based on this information, several authors modified 
the applicability of the technique in order to facilitate its 
use for both the therapist and the patient [10,13,18,53, 
54]. 

Thus, the mCIMT has various protocols; one of the 
most used is for 30 minutes a day, 3 days a week for 10 
consecutive weeks with specific training for daily living 
activities. At home, the patient uses the immobilizer on 
the affected limb 5 hours a day, 5 days a week for 10 
weeks [17,18,54]. In another protocol the patient trains 5 
hours per day (2 morning hours and 3 afternoon hours) 
for two consecutive weeks. During these 5 hours, the 
patient performs physiotherapy tasks for 2 hours, and 

during the other 3 hours, he/she is instructed to perform a 
self-training at home [55]. Furthermore, the mCIMT has 
been used for 2 hours per day, five days per week for 3 
weeks [56]. The mCIMT protocols described here have 
reported a significant improvement in the affected upper 
limb motor function [1,8,56]. Another experiment util- 
ized the mCIMT for two weeks in 15 patients who were 
divided into two training groups. In such groups, the in- 
dividuals remained with their limb restricted for 90% of 
the time during which they were awake. However, the 
first group trained 6 hours per day, while the second 
group trained three hours per day. They used two scales 
before and after intervention, the MAL and WMFT. 
Their results showed that in all scales mCIMT is an ef- 
fective treatment in hemiparetic individuals; however, 
the benefits were greater in the group that trained 6 hours 
a day [4]. 

In the past, the effects of CIMT were studied in sub- 
jects who had been injured for more than one year, 
though the present studies suggest that also subacute pa- 
tients who have suffered a stroke can benefit from the 
therapy [6]. Wolf et al. [57] after comparing the efficacy 
of treatment among subacute (3 to 9 months) and chronic 
(over 12 months) patients via behavioral scales such as 
Wolf Motor Function Test, Motor Activity Log and SIS, 
concluded that functionality improved in both groups; 
however, the group in which the technique is applied 
earlier shows significantly greater changes compared 
with the group in which the technique is applied later. 
This finding agrees with the study by Biernaskie et al. 
[58] which demonstrates that early rehabilitation pro- 
vides functional recovery and greater plasticity compared 
with late rehabilitation. 

Furthermore, several studies show that the affected 
limb remains in good conditions even after a long time 
[59,60,61]. Blanton and Wolf [62] studied the efficacy of 
CIMT after 3 months of therapy application and ob- 
served a continuous improvement in the patient. This 
result provides evidence that the increased functionality 
does not only occur immediately after treatment but it 
also appears to last for a long time. This study supports 
Milter et al. [6] who concluded through a behavioral 
analysis performed in three steps (immediately after the 
therapy application, 4 weeks and 6 months after treat- 
ment) that, even after some time, functionality does not 
decrease, and this also supports the hypothesis that CIMT 
produces a permanent improvement of motor functions. 

In addition, Winstein et al. [60] evaluated the immedi- 
ate and long-term effects using two rehabilitation ap- 
proaches: strength and endurance training with the af- 
fected limb and a training of functional daily life active- 
ties, but without hand immobilization. The study con- 
cluded that the immediate benefit of a functional ap- 
proach was similar to the application of force and endur- 
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ance, however, the former was more beneficial in the 
long term. This result underscores the importance of in- 
serting the application of daily activities in CIMT, be- 
cause this reduces the dependence of individuals [63]. 

2.3. Effects of Constraint-Induced Movement 
Therapy on Post-Stroke Patients: Evidence 
through Cerebral Reorganization 

Several studies with CIMT and mCIMT have used elec- 
trophysiological analysis tools to observe the cortical 
changes which occur when this technique is employed 
[64]. In particular, most studies about Stroke using fMRI 
associated the gains in motor functions of the affected 
hand after CIMT with cortical activation increase in the 
ipsilateral hemisphere related to the hemiparesis [56,61]. 
The PET and fMRI have been useful tools in analyzing 
changes in post-Stroke patients who were treated with 
CIMT and mCIMT. Thus, many studies observed that 
this restriction treatment therapy produces cortical reor- 
ganization [65]. This showed a broad neural network 
involved in the occurrence of motor skills recovery in 
stroke patients; among these networks, we find the ipsi- 
lateral sensorimotor cortex, premotor area, supplemen- 
tary motor area and parietal cortex [5,65]. Especially 
when CIMT was associated with TMS, we observed a 
significant increase in cortical reorganization through 
fMRI [52], and a significant increase in limb motor func- 
tion recovery through MAL scale [66,67]. The cortical 
reorganization of the cerebral functions indicates poten- 
tial changes that include mechanisms like those involved 
in the self-repair phenomenon [68,69]. 

Liepert et al. [7] used TMS to study six patients before 
and after 14 days of CIMT, and observed neural recovery 
in the motor areas adjacent to the damaged neural region. 
In another study, Wittenberg et al. [59] restrained the 
unaffected upper limb of 17 post-stroke patients for 10 
days and carried out the TMS three days prior to CIMT 
and 3 days after its completion. They noted that there 
were limitations in the use of TMS to measure physio- 
logical changes resulting from therapy, due to its inabil- 
ity to evoke responses in some patients with severe hemi- 
paresis. These patients could recover motion through the 
action of some neurons in the corticospinal tract, but the 
TMS could not activate these neurons sufficiently. 

Liepert et al. [70] restricted the unaffected upper limb 
movement in 13 hemiparetics post-Stroke patients. In 
this study they used the TMS and behavioral assessments 
one day before, one day, four days and six months after 
CIMT application. The researchers concluded that, one 
day after treatment, the injured hemisphere was 40% 
inactive while compared with the uninjured hemisphere. 
However, the injured hemisphere, after the first day of 
treatment, showed 37.5% more neural activation than the 

uninjured hemisphere. This fact demonstrates that corti-
cal activation in the injured hemisphere almost doubled 
between pre-CIMT and post-CIMT. 

Before treatment, the excitability of the cortical area 
related to the muscles of the affected hand decreased. 
They suggested that this was probably due to the reduc- 
tion in the use of this hand and to the presence of the 
lesion itself. After therapy, a nearly complete reversal of 
this abnormality was found; because of this, the re- 
searchers suggested that the most likely mechanism to 
justify this reversal is due to: reduced activity of local 
inhibitory interneurons, increased excitability in affected 
neurons and an extension of the neuronal tissue excitabil- 
ity in the affected hemisphere. However, regardless of 
the mechanisms, rehabilitation seems to lead to the 
growth of a large number of neurons in the affected pre- 
motor cortex. 

When they analyzed the hemispheres 4 weeks after 
CIMT therapy, they observed that cortical activation in 
the affected hemisphere was greater than before CIMT 
therapy, and in the uninjured hemisphere a discrete in- 
crease occurred. Finally, when the researchers observed 
the patients six months after CIMT therapy, they found 
more cortical normalization in the affected hemisphere. 

In another experiment, researchers observed 10 hemi- 
parectic patients (i.e., 5 women and 5 men) with unilat- 
eral cortical and sub-cortical ischemic lesion. This treat- 
ment (i.e., CIMT) was used during 12 days and fMRI 
was used 48 hours before and 48 hours after treatment. 
The non-paretic upper limb was immobilized 10 hours 
per day with 30 minutes interval for lunch, dinner and 
personal hygiene. The study results demonstrated that, 
after CIMT, consistent activations in the primary sen- 
sorimotor cortex of the affected hemisphere occurred. 
Moreover, even extensive lesions appear not to inhibit 
the formation of neural circuits adjacent to the affected 
brain area. In spite of observing neural modulation ef- 
fects predominantly in the affected hemisphere, one pa- 
tient showed this modulation in the right and left hemi- 
spheres [71]. 

This result contradicts the study by Szaflarski et al. 
[17] in which they analyzed the cortical and behavioral 
changes in 4 patients (3 with right hemisphere damage 
and only 1 with left hemisphere damage) using func- 
tional magnetic resonance imaging (fMRI) and rating 
scales such as Action Research Arm Test (ARAT), up- 
per-extremity portion of the Fugl-Meyer Assessment 
(FMA) and Motor Activity Log (MAL). The researchers 
said that in patients with unilateral brain lesions, the 
hemisphere opposite to the lesion is known to play an 
important role during the reorganization of manual func- 
tions. 

Könönen et al. [72] analyzed 12 post-Stroke patients 
who were enrolled in a rehabilitation program during 2  
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weeks. The patients remained with the upper limb im- 
mobilized for 10 hours a day. Moreover, the patients 
executed adapted exercise for 6 hours a day; the exercise 
gradually became more and more difficult throughout the 
two weeks. Researchers observed, through PET before 
and after CIMT therapy, that blood perfusion increased 
in the unaffected primary motor cortex and cingulated 
regions. Thus, in the affected hemisphere, the blood per- 
fusions increased in the pre-motor area. In the pre-central 
gyrus, the lateral pre-motor area and medial supplemen- 
tary motor area, they found an increase in perfusion not 
only in the affected hemisphere but also in the contralat- 
eral one. The researchers suggested that the increased 
electrical and metabolic activities found in both hemi- 
spheres occur before the execution of voluntary move- 
ments, especially of the more complex movements. Ac- 
cording to them, the two hemispheres are activated, as 
they are intimately connected through the corpus callo- 
sum. However, a fact that deserved attention was that 
blood perfusion increased in two cerebellar hemispheres. 
The authors believe that, as the cerebellum plays a criti- 
cal role in the coordination of voluntary movement and 
control of muscle tone and posture, perfusion increased 
so that these functions could be performed properly. 

In addition to this, Tarkka et al. [25] agree with this 
information, as they also found plastic changes resulting 
from CIMT in four hemiparetic subjects using EEG as a 
method of evaluation. After treatment, EEG signals 
showed a large activation in the motor cortex, pre-motor 
cortex and the primary motor area in both hemispheres. 
The researchers suggest that changes in these locations 
may reflect an expansion or displacement of cortical re- 
gions, providing a recovery of the affected limb move-
ment.  

In addition to this, the neural functional state network 
is dependent on balance between inhibition and excita- 
tion received by the cortical areas [73]. Furthermore, the 
new functional architecture in the cortical reorganization 
is different among individuals with Stroke. This depends 
on lesion anatomy, biological age and chronicity [74]. 
Therefore, the mCIMT and CIMT have been effective 
therapies in upper limb movement rehabilitation and 
neural changes in post-Stroke patients [9]. 

3. Conclusion 

We conclude that the behavioral and neuroimaging stud- 
ies using mCIMT and CIMT promote cortical reorgani- 
zation. Studies observed that many cortical areas like 
primary motor cortex, dorsal pre-motor cortex and sup- 
plementary motor area are activated by mCIMT and 
CIMT. However, there is no consensus about why some 
patients show a greater activation in the affected hemi- 
sphere, and why other patients experience a greater acti- 
vation in the unaffected hemisphere. Consequently, the 
motor behavior in post-stroke patients is benefited from  

using mCIMT or CIMT; therefore, this therapy should be 
taken more into consideration by the professionals, due 
to its benefit. Finally, the world researchers still need un- 
countable studies to understand the gaps of cortical reor- 
ganization, and that restriction period and treatment are 
more effective with CIMT. 
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