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ABSTRACT

Background: Constrained induced movement therapy (CIMT) has been a neurorehabilitation method that proved to improve arm
function and induce neural plasticity after stroke. However, there have been limited controlled trials discussing the cortical activity
changes after CIMT in chronic stroke. Objective: This study aimed to scrutinize the effect of adding a constraint induced movement
therapy to the intensive physical therapy program on cortical activity and functional outcome of the upper extremity in patients with
chronic stroke. Subjects and Methods: Forty stroke patients were included. They were randomly assigned into two equal groups; study
group received functional training with CIMT in addition to intensive physical therapy program, and the control group received intensive
physical therapy program only. The outcome measures included: the motor function of the upper extremity using the Wolf Motor
Function Test (WMFT), and the cortical activity of the affected cerebral hemisphere using the Quantitative Electroencephalogram
(QEEG). Results: There was a significant increase in WMFT mean scores in the study and control groups post treatment (P<0.0001,
0.015 respectively), with remarkable improvement in the study group (P= 0.0496). A statistically significant increase in alpha wave
frequency, relative and maximum power post treatment in the study group was only (p<0.05). A statistically significant decrease in
theta wave, relative and maximum power was also detected in the study group post treatment (P=0.0091, 0.0176 respectively). A
statistically significant difference was observed between both groups regarding post treatment of mean values of alpha and theta waves
variables (p<0.05), except for theta wave frequency (p=0.308). Conclusion: CIMT improved the motor function of upper extremity
and was associated with increased cortical activation of the affected hemisphere in patients with chronic stroke.
Keywords: Stroke, Constrained induced movement therapy, Quantitative EEG.

Introduction
Stroke has been the most common cause of long-term disability.
Functional impairment of upper extremity has been commonly
encountered after stroke. Thirty-three to 66% of the patients
with arm paresis showed minimal recovery of function six
months after the stroke [1, 2]. Even after recovery, about 20% of
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the stroke survivors cannot independently complete different
activities of daily livings (ADLs); such as feeding and personal
care. Those patients tend to rely on their unaffected arm to
perform ADLs, leading to “nonuse” with progressive suppression
of movements [1, 3].
Reducing disability and improving the functional outcomes of the
upper extremity have been the major goals in stroke
rehabilitation. Constraint-induced movement therapy (CIMT)
and modified CIMT have been the common approaches that have
been used for upper limb rehabilitation in mild and moderate
motor dysfunction after stroke. CMIT has been primarily
developed to overcome learned nonuse phenomena, and
improve motor functions of the affected upper extremity [4]. It
was also proved to induce cortical reorganization. This
therapeutic approach has been based on two main principles: the
forced use of the affected arm by constraining of the unaffected
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one, and the massed practice of the involved arm in a functional
task through a shaping method [5, 6].
Review studies reported a lack of homogeneity of the studies
investigating the effects of CIMT, and provided variable results
concerning the effects of CIMT on motor impairment, functions
and disability levels of arm and hand. Understanding the cortical
changes which accompany improvement of motor function after
CIMT still needs a lot of research [4, 6].
This study was designed to investigate the effect of combined
constraint induced movement therapy and the intensive physical
therapy program on cortical activity and functional outcome of
the upper extremity in patients with chronic stroke.

also informed about the privacy of all the obtained information
and their right to refuse or withdraw at any time. All data were
coded to ensure anonymity. The patients were randomly
assigned to two groups: the study group (n=20) and the control
group (n=20). Randomization was performed by a blinded and
an independent research assistant using a computer-generated
randomization cards saved in sealed envelopes.

Physical therapy intervention:

Fifty-seven patients, of both sexes, with chronic ischemic stroke
were screened for the study eligibility. Patients were recruited
from the Outpatient Clinics of Cairo university hospitals, and
Faculty of Physical Therapy, Cairo University, between June
2016 and November 2017.

One experienced physical therapist having 14 years of clinical
experience in the field of neurorehabilitation treated all the
patients. All the patients were treated for two hours, 5 days per
week for successive four weeks (5X4=20 therapeutic sessions)
[10].
The study group received a training task with CIMT in addition
to an intensive physical therapy program [10]. The CIMT focused
on the restriction of the unaffected hand, with a mitt, and
intensive training of the affected upper extremity with functional
activities. The activities included gross and fine motor skills
training such as throwing a ball, folding clothes, using a spoon,
writing and picking the object with specific grasps. Shaping
techniques were also considered to change and increase the level
of task difficulty according to the patients’ ability.
The control group received only the intensive physical therapy
program which included: active resisted strengthening exercises
for weak upper limb muscles, stretching exercises for tight
muscles of the affected upper limb, postural control, balance
training, and finally a proprioceptive Neuromuscular Facilitation
(PNF) training.

Inclusion criteria were:

Assessment and outcome measures

Patients and Methods
Study design
The study was a randomized, single-blind, pre–post-test,
controlled trial. It was approved by the official ethical committee
at the Faculty of Physical Therapy, Cairo University (No:
P.T.REC/012/00976) and followed the Guidelines of
Declaration of Helsinki on the conduct of the human research.

Participants

•
•

Age range between 45 and 60 years.
Duration of illness between six months to two years.

•

Motor deficit involving one arm with the proper use of
the unaffected hand for ADLs.

•

Ability to perform at least 20° wrist extension and 10°
finger extension of the affected upper limb.
Action Research Arm Test (ARAT) score <50 in the
affected arm [7].

•
•

Adequate balance and safety while wearing the restraint
[8].

•

Mild spasticity of the affected upper limb with a score of
(1) or (1+) according to Modified Ashworth’s Scale
(MAS) [9].

Exclusion criteria were: aphasia, perceptual problems like
apraxia or unilateral spatial neglect, visual or auditory defects,
recurrent strokes, ataxia or sensory impairment, shoulder pain
or musculoskeletal problems that could interfere with training,
shoulder-hand syndrome, cognitive dysfunction and EEG
abnormalities or epilepsy.

Randomization
Informed consent was obtained from all the patients after
detailed explanation of the study details. The participants were

The following outcome measures were assessed before and after
the end of the treatment intervention:
The measurement of the motor function of upper extremity
using the WMFT:
This scale was used based on the report of Morris et al, [11] which
indicated that WMFT has been a useful measure for the
effectiveness of CIMT in patients with stroke. It has been a timebased scale composed of 15 functional tasks that have been
divided into; performance time and functional ability [12]. Studies
showed good reliability, validity, and responsiveness of the test
in patients with chronic stroke [13]. An excellent inter-test and
inter-rater reliability, and internal consistency and stability had
been reported for both the performance time and Functional
Ability rating scale measures (FAS). The intra-class correlation
coefficient (ICC) values were between0.88 to 0.98, with most
of the values being near to 0.95 [11-13].
The measurement of cortical activity changes utilizing the
QEEG:
In the current work, twenty minutes recording of artifact- free
digital EEG was measured by (EB-NEURO machine, Galileo NT
software, Italy) from a comfortable supine lying position and
under the standard condition. A full electrode cap (Electro-Cap
International (ECI)) of 19 electrodes was used and applied
according to the international 10/20 electrode placement system
(unipolar AR montage, impedance was below 5 Kilo Ohm).
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Before the evaluation, all the participants were informed about
all the instructions by the same technician who made the EEG
examination for all the patients. Data analysis was performed by
an experienced electroencephalographer for the data collected
over the sites O1 and O2 which represented the integration areas
of the alpha wave of left and right hemispheres, respectively.
Frequency and relative power of alpha wave were analyzed for
the affected hemisphere for all the participants [14, 15].

Data analysis and statistical design
-

-

-

The collected data were statistically analyzed using the
SPSS program for Windows, version 18 (SPSS, Inc.,
Chicago, IL) for:
The arithmetic mean was an average description of central
tendency for the observations.
The standard deviation was a mean of dispersion of results.
Mann Whitney test was used to analyze the data of WFMT
Paired T-test was used to compare the mean of alpha wave
variables pre and post treatment within each group.
Unpaired t-test was used to compare the mean of alpha
wave variables pre and post treatment of two independent
groups.
The statistical significance was set with the value of P ≤
0.05.

Results
A total of 57 patients with stroke were eligible for inclusion
(figure 1). Forty patients who were included and randomized
into the study group (n=20) received functional training with
CIMT in addition to intensive physical therapy program, and the
control group (n=20) received only intensive physical therapy
program. Figure (1) demonstrated the flow chart of the
participants throughout the study. At baseline, both groups were
matched (P > 0.05) in their general characteristics (table 1).

Table 1: Demographic and clinical characteristics of
subjects.
General
Characteristics

Control Group

Study Group

Comparison

Mean ±SD

Mean ±SD

t-value

P-value

Age(yrs.)

54.30±5.401

52.60± 4.773

1.055

0.2982

Weight(Kg)

76.15±4.534

73.00± 9.222

1.371

0.1785

Height (cm)
BMI (Kg/m2)
Duration of
illness(months)

175.1±5.370
24.85±1.359

172.2±6.940
24.57±2.282

1.478
0.4733

0.1477
0.6387

12.40±4.784

11.60± 5.345

0.4988

0.6208

SD: standarddeviation, yrs.: years, Kg: kilogram, cm: centimeter, BMI: body mass index, P:
probability, Significance :( P<0.05).

WMFT scores:
A significant increase in the scores of WMFT was found in the
study and control groups post treatment (P<0.0001, 0.015
respectively). Moreover, a significant difference was detected
between both groups post treatment with remarkable
improvement in the study group (P= 0.0496) Table (2)

QEEG Parameters:
Within groups
The comparison of the mean values of alpha wave variables on
the affected side in pre and post treatment revealed a statistically
significant increase in alpha wave frequency, relative and
maximum power post treatment only in the study group
(p=0.0160, 0.016 and 0.0039 respectively), as can be seen in
Table (3). A statistically significant decrease in theta wave
relative and maximum power was also detected in the study
group post treatment (P=0.0091, 0.0176 respectively), while
there was no significant difference in theta wave frequency post
treatment in the study group (p=0.1872), as shown in Table (4)
The comparison of the mean values of alpha and theta waves
variables within the control group revealed no significant
differences (p<0.05)., as shown in Tables (3, 4).
Table 2: Comparison of WMFT scores pre and post
treatment within and between both groups.

Study group 11.00 67 39.50 27.5 26.00
Control
group
P- value

12.00 66 37.50 10.50 11.00
0.5154

IQR

Median

Maximum

Minimum

Post-treatment
IQR

Median

Maximum

WMFT
score

Minimum

Pre-treatment

P- value

71 50.50 24 <0.0001**
59 41.50 18.50 0.0155*
0.0496*

SD: standard deviation, P-value: probability value, *Significant, ** highly significantI QR
(interquartile range)

Figure 1: Participants flow chart. PT=physical therapy.

General Characteristics of Subjects:
The clinical characteristics of included subjects are represented
in table (1).
26

Between groups
The comparison of pre-treatment means values of alpha and theta
waves variables on the affected side between both groups
revealed no significant difference (p<0.05), while in the post
treatment, there was a statistically significant difference between
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both groups (p<0.05) except for theta
frequency(p=0.308), as can be seen in Tables (3, 4).

wave

Table 3: Comparison of alpha wave variables pre and post
treatment within and between both groups.
Alpha wave variables
Group
Frequency

Study
Control
P-value

Relative Power

Study

maximum Power Control
P-value
Relative Power

Affected cerebral hemisphere
Pre-treatment
Post-treatment
Mean±SD
Mean±SD
9 ±0.686
9.444±0.922
8.611±0.6978
8.83±0.618
0.1009
0.0255*

P-value
0.0160*
0.2151

8.991±4.227

11.57±3.486

0.016*

9.427±4.428
0.7643

8.576±4.14
0.0248*

0.3590

Study

18.05±7.399

22.1±9.16

0.0039**

Control
P-value

16.52±7.074
0.5300

15.46±7.14
0.0208*

0.2832

SD: standard deviation, P-value: probability value, *Significant, ** highly significant

Table 4: Comparison of theta wave variables pre and post
treatment within and between both groups.
Theta wave
variables

Affected cerebral hemisphere
Group

Study
Control
P-value
Relative Power Study
Control
maximum
P-value
power
Study
Control
Relative Power
Frequency

P-value

Pre-treatment
Mean±SD
5.33 ±0.594
5.39±0.608
0.7832
6.369±2.569
7.301±3.266

Post-treatment
Mean±SD
5.5±0.707
5.28±0.575
0.3081
5.054±2.102
6.719±1.91

0.3480

0.0179*

9.63±2.79
9.744±3.221

7.4±3.56
9.57±2.726

0.9086

0.0476*

P-value
0.1872
0.4953
0.0091**
0.4443

0.0176*
0.8521

SD: standard deviation, P-value: probability value, *Significant, **highly significant

Discussion and Conclusion
Functional impairment of the upper extremity remains a
challenge in the field of stroke rehabilitation. In many studies, the
CIMT has been commonly investigated as a single approach for
upper extremity rehabilitation, and showed positive results [13, 16].
From another perspective, combining therapeutic approaches
would provide different sensory input and consequently could
facilitate the motor functions of upper extremities in a different
way [17].
The results of this study highlighted the efficacy of the additional
CIMT to the intensive rehabilitation program in improving
cortical excitability, and functional performance of upper
extremity in chronic stroke patients. This improvement was
remarkable in the study group and can be explained considering
the effect of CIMT in which repetitive task practices induced
neural plasticity and increased the cortical map of the affected
limb [18], and consequently improved the limb awareness and
functional activities [18, 19]. These findings were matched with the
results of Singh and Pradhan, [20] and Lin et al, [13] which showed a
significant improvement in the motor function of upper

extremity after CIMT measured by WFMT, [12] and Fugl Meyer
scale [21]. On the contrary, Sirtori et al, [22] revealed a limited
effect of CIMT on motor impairment of upper extremity. This
contradiction can be attributed to variations in participant
selection criteria, sample size, the design of the study, and the
outcome measures.
In the current study, QEEG was specifically used to monitor
changes in brain pathophysiology in patients with chronic stroke
[23]. The researchers focused on assessing reorganization in
cortical occipital areas, (O1) and (O2), because changes of
activation in these areas were related to alpha wave integration
and stroke recovery [24]. After the stroke, there was a decrease in
the power of faster frequency brain bands (alpha and beta) and an
increase in the slow frequency bands (delta and theta). The
disturbing power was associated with reduced brain metabolism
(CMRO2) that influenced brain activation and function [25].
Further, Schleiger et al., [24] reported that alpha slowing the
following ischemic stroke can inform prognoses of stroke.
Consequently, changes in alpha frequency and relative power
were the main variables of interest in this work aiming to detect
the post-treatment effect of the user intervention on cortical
reorganization. The results of this study showed a significant
improvement in alpha wave variables in the study group
compared to the controls. The improvement of cortical
activation in this study can explain the remarkable change in the
motor function of the affected arm in the study group who
received CIMT. This explanation agreed with Carrion et al., [26]
who stated that delta and alpha bands were the signs of recovery
process; the higher the alpha power, the better the patients'
outcome. They also stated that relative QEEG power in alpha
bands had a tendency to increase with improvement in motor
performance and activities of daily livings (ADLs). The results
also came in agreement with Szaflarski et al., [27] who concluded
that the increased use of the affected arm during CIMT induces
cortical reorganization, as measured by QEEG. Additionally, the
authors reported that the amount of cortical reorganization was
positively related to the degree of increase in affected arm use
and ability.
This study also focused on assessing reorganization in cortical
areas, (C3) and (C4) because changes of the activation in these
areas were related to theta wave integration. The results showed
a significant reduction of the Theta wave relative and maximum
power post-treatment which meant an increase in brain
metabolism that indicated the improvement in the stroke
patients. These findings came in agreement and supported the
results of Jordan [25] who reported that increased power in slower
frequency bands (delta and theta) and decreased power in faster
frequency bands (alpha and beta) were seen with reductions in
brain metabolism as in stroke patients, also at the time of
increased theta frequency, the power was associated with
reduction in regional cerebral blood flow in subjects with stroke
[28]. This indicated an improvement of cortical excitability of the
affected side which indicated that the constraint technique was an
effective method for improvement of cortical organization in
stroke patients.
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6.

Limitations
One limitation of the current study was that the primary
outcomes were the measurement of the upper extremity motor
function and cortical activity changes as direct effects of the use
of CIMT. However, other outcomes as muscle strength, postural
control and balance function, were not a target of this work.
Another limitation could be lacking after-treatment effects.
Consequently, it could be recommended to evaluate the longterm effects of the additional CIMT on both motor function of
upper extremity and cortical activity.
With the limitations of this study, it could be concluded that
adding CIMT to intensive physical therapy program has been
valuable and effective in enhancing cortical reorganization and
motor functions of the upper extremity in chronic stroke. Future
research is still needed for better understanding and analysis of
the relation between cortical activity changes and improvement
of motor function. Future research is also recommended to
evaluate the after-effect of CIMT on arm motor functions, ADLs,
and the quality of life.
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