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ABSTRACT

Introduction. Paresis of hand has severe impact on the life of the stroke patients. Modified constrained induced
movement therapy (mCIMT) can be used to treat the involved limb of the patient. It involves constraining of func-
tional hand and increasing the activity of paretic hand which overcomes the “learned disuse” that develops following
stroke but the constraining also creates difficulties for the patient and reduces his/her compliance to the treatment.
Hence this trial aims to study the effect of mCIMT with and without interval to see if providing relaxation in between
the treatment would be able to produce similar effect as mCIMT without interval protocol.

Matgerial and methods. 44 patients were recruited in the study and were divided in to three groups: mCIMT with-
out interval (n = 18), mCIMT with interval (n = 16) and control group (n = 10). Participants in three groups were
examined for pain and functionality of hand through Patient rated wrist hand evaluation score and Box and Block
test at pre and post intervention. The intervention was given for 6 days/week for two weeks. Therapy time was 2
hours and constrain was for 6 hours a day. Clinical trial registration number -CTR1/2019/12/022547.

Results. No baseline differences were found in between the three groups. There was significant increase in box
and block test score and significant decrease in PRWHE score in pre and post treatment readings for with and
without interval mCIMT but non-significant changes in PRWHE score and box and block test were seen in control
group.

Conclusion. Both interval and without interval mCIMT was effective. Interval mCIMT was seen to be more comfort-
able than without interval mCIMT for the patient.

Keywords: modified constrained induced movement therapy, patient rated wrist hand
evaluation score, stroke

Abbreviations

mCIMT — modified constrained induced movement therapy;

PRWHE — patient rated wrist hand evaluation score

INTRODUCTION

Stroke is one of the global health problem and
leading reason of crippling affliction for adults (1).
It is defined as “diminution of brain function by
occlusion or bursting of blood vessels in the cere-
brum and other parts of central nervous system”.
The symptoms include one side body weakness,
numbness or loss of vision, change in oration and
non-orthostatic dizziness (2). One side body weak-
ness is the most common outcome of stroke (3),
this affects the functionality of hand which gets

more worse within 6 months after stroke due to
formation of hand contractures. Patient with stroke
decreases the use of affected arm by 80 percent
compared to unaffected arm (4,5). Different func-
tional task create mass contraction of different
muscles groups in upper limb which is known as
synergy (6). It can be functional synergies known
as soft synergies which are limited to functional
coordination or anatomical synergies also known
as hard synergies which are limited to anatomical
structures (7). The flexion synergy of upper limb is
scapular retraction and elevation, shoulder abduc-
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tion and external rotation, elbow flexion, forearm
supination, and wrist and finger flexion (28).

The pervasiveness of stroke has been found to
vary from 84 per 100,000 to 262per 1,00,000 in
rural and from 334 per100,000 to 424 per 100,000
in urban areas in India (stroke fact sheet, India,
2013).The World Health Organisation gave a re-
port that every year 15 million people suffer from
stroke, in which mortality rate is 5 million and dis-
ability rate is 5 million per 2002 census. Average
yearly expenditure on stroke management ranges
from $7,342 to $146,149 in many countries (8).

High blood pressure, high cholesterol, stenosis
of carotid arteries, fibrillation in atrium of heart are
the major risk factors. Clinically it has been found
that treating these risk factors reduce the possibili-
ty of stroke to much extent (4,9). Smoking, exces-
sive liquor drinking, resistance for insulin, and
high blood sugar are other risk factors. It has also
been found that chromosome 12q24.12 near
ALDH?2 and its subtypes if gets mutated may cause
early onset stroke (10).

Major complications of stroke include Throm-
boembolic disease, pneumonia, urinary tract infec-
tion, bladder dysfunction, bowel dysfunction,
pressure sore, shoulder dysfunction, contractures,
seizures, fracture and insomnia. These complica-
tions can be reduced by proper care and hygiene of
the patient (11).

Stroke has huge impact on society. The finan-
cial problem has been found between 24 to 33 per-
cent in young patients of stroke (12) as they are
dependent on the family (13). Further reducing the
work force in the society that affects financially
and also psychologically to both patients and their
families leading to divorces, separation of families
and ultimately decreasing the happiness quotient
of the society.

Management includes thrombolytic drugs, an-
tiplatelet drugs, heparin and neuroprotective
agents. Surgical intervention is needed in case of
pressures for which
hemi-craniectomy may be done (14). Clinical re-

increased intracranial
habilitation concentrates on high intensity, task
specific exercises with more and more repetitions
of affected hand, which helps in learning function
and increasing strength of the affected hand (15).
Constrained induced movement therapy (CIMT) is
one of the important approaches used clinically to
treat patients by constraining the unaffected part of
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the patient and concentrating on the functions of
the affected part using behavioural therapy. CIMT
acts by enhancing cortical reorganization and does
neuroplastic changes in the motor cortex leading to
learning of new tasks and functions(9).

CIMT includes rigorous practice with paretic
limb and comprise two parts- restraining of non-pa-
retic extremity during 90% of waking hours and
intensive training of 6 hours or more a day of pa-
retic extremity. However, patient has compliance
issue with the CIMT protocol. It has been seen that
only 32% of patients follow CIMT restriction
schedule. To deal with this drawback Page and col-
leagues created a Modified CIMT (mCIMT) proto-
col that compressed both the vigorous training ses-
sion of the paretic upper extremity (30 min/d — 2 h/
day) and constrain time of non-paretic upper ex-
tremity (6 h/d) (16,17)

Timings for application for mCIMT are differ-
ent in literatures. The patient has to be constrained
during training as well as at home which becomes
difficult for the patient (18). As per longer duration
treatment time can decrease the compliance of the
patient to the treatment. Hence, a comparative
study between the outcomes of constraining pa-
tient continuously and with intervals during
mCIMT protocol is needed. This helps to modify
the mCIMT protocol as per the requirements of the
patient. Allowing breaks or intervals in between
the treatment and making it more flexible as per
the requirement of the patient will help the patient
to perform his/her activities of daily living in bet-
ter way at home and in community.

The rationale of the study was to evaluate the
efficacy of mCIMT with or without interval.

MATERIAL AND METHODS

Design

This is single blinded randomized controlled
trial conducted in two Different Neurological re-
hab centres at MSS hospital Pitampura Delhi,
India and Savitri Devi Goyal Indian stroke and pa-
ralysis care centre Nangloi Delhi, India. Stroke
survivors coming to OPD and admitted to IPD
department of Pitampura and Nangloi centre of
Delhi neurological rehab centres were recruited.
Potential participants were screened to determine
their eligibility.
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Subjects

Participants were included in the study if the
hand was affected and patient was unable to per-
form Activities of daily living due to stroke, pres-
ence of balance and stability in patient, availability
of a family member to supervise home exercises
was needed.

Participants were excluded from the study -if
they have medical problems or cognitive deficit
(mini mental status examination score < 24), In-
tended or actual participation in any other study,
Significant pain (= 4 in the visual analog scale 17)
in any joint, A Botox A injection for the upper ex-
tremity within 3 months.

On providing signed informed consent, base-
line assessment was done.

Patient recruitment

50 patients who came to OPD and IPD depart-
ments of the rehab centre were screened for the
study, 44 met the inclusion criteria and 6 were ex-
cluded from the study as they were not comfortable
with constrain. The 44 patients were randomly allo-
cated to three groups — without interval mCIMT,
with intervals mCIMT and control group (figure 1).

Blinding

Patients were blinded about treatment assigned
to each group. Therapist was aware about the treat-
ment and the patient in each group.

Randomization

Following study enrolment and completion of
the baseline testing, participants were randomised

Patients assessed for eligibility
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into three groups: mCIMT without interval group,
mCIMT with interval group and control group via
chit method.

Outcome measures

Table 1 shows the standard protocol items and
outcome measures. Two outcome measures were
used box and block test and Patient rated wrist
hand evaluation score.

In Box and block test comprise of a wooden
box which has 150 blocks in two different com-
partments are there (figure 2). In which the client is
asked to move blocks one after one from one com-
partment to another within 60 seconds. The test is
started with unaffected hand and then affected
hand. Additional 15 second trial period can be add-
ed. Scoring is done by counting number of blocks
transferred by client from one compartment to an-
other in 60 seconds. Scoring of unaffected and af-
fected hand is done separately.

Patient rated wrist hand evaluation score is a
15-item questionnaire. It comprises of pain and
function scores. Pain scoring contains 5 measures
rated from 1 to 10. The maximum score is 50 and
minimum is 0. Function scoring contains 10 meas-
ures in total. Maximum score is 50 and minimum
is 0.

The assessment of patient with two outcome
measures was done before and after the two weeks
of intervention.

Intervention

Intervention was provided for 6 days a week for
two weeks.

(n=50)
6 patients were excluded
P{ for not meeting inclusion
criteria (n = 6)
v
44 patients met the inclusion criteria
(n=44)
mCIMT without mCIMT with Control grup
interval (n = 18) interval (n = 16)

(n=18) FIGURE 1. Participant flowchart
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TABLE 1. Standard protocol items
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Study period
Enrolment | Preallocation | Postallocation

Time point -t t, t,
Enrolment

eligibility screen X

informed consent X
Randomisation X
Intervention

mCIMT without interval

mCIMT with interval

Assessment
box and block test X X
PRWHE score X X

-t, = timing before starting of treatment, t, = timing of start of treatment,
t,= timing of start of treatment

i L
FIGURE 2. Patient performing box and block
test

mCIMT without any interval

It comprised of constraining of non-paretic hand
for 6 hours (figure 3) continuously which included 2
hours of therapy session too. The therapy session in-
cluded behavioural therapy according to the patient.

FIGURE 3. Patient is constrained in the left hand and
behavioural therapy is applied on right hand

mCIMT with interval

It comprised of constraining the non-paretic
hand for 6 hours but with intervals. It included two
hours of therapy session with constrain and four
hours of constrain with intervals as the conveni-
ence of the patient.

Control

Control group comprised of range of motion
exercises which were performed by patient with
some stretching for 2 hours during therapy session
without any constrain. This therapy was also given
6 days a week for two weeks.

Compliance and safety monitoring

Participant attendance was recorded. if a partic-
ipant misses the training they were contacted and
reason for their absence was documented. If more
than one session was missed a makeup session was
scheduled. The study was voluntarily and partici-
pant could discontinue if the study on request at
any time if there was change in health status (i.e.
worsening of function and overall health).

Statistical analysis

The sample size was calculated using sample
size calculation formula below (19):

_ 2(Zn+Z g )’6?

i (us-pt-L1)

Calculation was based on standard deviation o=
8.1, MCID 3.20 (20) and power of 80 percent and
the estimated sample size was 12.

Statistical analysis was done by SPSS version
26. Baseline characteristics were compared be-
tween groups using one-way ANOVA and the Chi-
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squared test. For all outcome measures, inten-
tion-to-treat analysis was performed using the last
observation carried forward method to account for
missing data. The repeated measures of ANOVA
were used to assess the intervention effects be-
tween groups. Alpha was set at 0.05, and the 95%
confidence interval (CI) was calculated. If a signif-
icant difference was detected, then post hoc tests
with the Scheffe method were conducted

RESULTS

50 patients were selected for this randomised
controlled trial. The present study selected sub-
jects from MSS hospital Pitampura Delhi and Sav-
itri Devi Goyal Indian stroke and paralysis care
centre Nangloi Delhi. 6 participants did not meet
the inclusion criteria and there was no drop out. 44
subjects (18 subjects in the mCIMT without inter-
val, 18 subjects in the mCIMT with interval, and
10 subjects in the control group) participated in
this study and finished the protocol completely.
The mean age of all participants was 59.08+9.16
years old. An aggregate of 29 males and 15 fe-
males showed interest in this study. There was no
significant difference between the groups in the
baseline data (p > .05, as shown in table 2).

Primary outcome measures

Both Box and block test and PRWHE score
were improved significantly more in the interven-
tion groups (P=.006) & (P=.011). As the Mean +
Standard deviation of box and block test increased
from 11.444+8.27 to 17.66+12.03 in mCIMT with-
out interval group and 9.124+6.90 to 15.25£9.94 in
with interval group with similar decrease in PR-
WHE score means with p value of 0.00 in both the
groups when paired t test was applied (as shown in
table 3). While, there was no significant improve-

TABLE 2. Table showing baseline characteristics
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ment in Control group as the mean of box and
block test increased only from 9.26+7.03 to
10.60£7.75 and with similar decrease in PRWHE
scores with p value of 0.00 was seen when paired t
test was applied (table 3). Further when all the
three groups were compared for Box and block test
(F (2.46)=10.924, p = .600) and PRWHE score (F
(2,46) = 6.828, p=.003) using one-way analysis of
variance (ANOVA) no statistical significant differ-
ence was found between both interventional groups
but there was significant difference when com-
pared to control group (table 4).

For the analysis of the outcome measures, box
and block test and PRWHE score, one-way analy-
sis of variance (ANOVA) was used for any statisti-
cal significance difference. The between group
comparison was done by using ANOVA post Hoc
tuckey test. The analysis showed the statistical
significant difference in intervention groups as
compared to control group. The significance p value
of interventional group in box and block is 0.9722
( > 0.05) while in control group, it is 0.001 and
0.00 (<0.05) and similarly in PRWHE group the
control group comparison gave the significant value
of 0.003 (< 0.05) (as shown in table 5). Hence,
there was no statistically significant difference
among intervention groups that is mCIMT with in-
terval and without interval although with control
group comparison the difference was significant
(table 5).

Box and block test

The two interventional groups, without interval
and with interval mCIMT showed significant sim-
ilar magnitude improvement as compared to con-
trol group as seen in graph below. The patient was
able to pass more blocks after two weeks in both
the groups (Figure 4).

. mCIMT with | mCIMT without Control
Variable X . P value
interval interval Group
Age MeanSD 50.049.7 46.22+12.48 49.618.8
Range 31 54 34 >.05
Gender % Male 63 78 50
Female 37 22 50 >.05
Pre-intervention data | MeantSD | 67.37+22.47 59.66+22.21 61+23.97
for PRWHE score Range 68 69 76 >.05
Pre-intervention data | MeantSD 9.12+6.90 11.44+8.27 9.26+7.03
for box and plot test | pange 23 25 21 >.05

SD — standard deviation
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TABLE 3. Group comparison using paired t test
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Outcome Group Pre-intervention | Post- intervention | 95% Confidence interval |t value P value
MeantSD MeantSD Lower Upper
Box& block | mCIMT without interval |11.44+8.27 17.66+£12.03 -8.3081 4.13629 6.293 0.00
test
mCIMT with interval 9.124+6.90 15.25+9.94 -8.0792 -4.17077 -6.68 0.00
Control group 9.26+7.03 10.60£7.75 -1.8737 -.79290 -5.29 0.00
PRWHE mCIMT without 59.66+22.21 50.16+23.44 5.37009 13.62991 |4.853 0.00
interval
mCIMT with interval 67.37+22.47 59.37+24.64 4.92352 11.07648 |5.543 0.00
Control group 61.0£23.97 59.00+24.33 1.53197 2.46803 9.165 0.00

mCIMT = modified constrained induced movement therapy; SD = standard deviation; PRWHE = patient rated wrist hand evaluation score

TABLE 4. Comparison between group using One-way ANOVA

Outcome Sum of Degree of Mean F
Squares freedom Square
Box & block test | Between group 244.214 2 122.107 10.924
Within group 514.194 46 11.178
Total 758.408 48
PRWHE Between group 499.50 2 249.750 6.828
Score
Within group 1682.500 46 36.576
Total 2182.000 48

mCIMT = modified constrained induced movement therapy; PRWHE = patient rated wrist

hand evaluation score

TABLE 5. Multiple comparison between groups using post hoc Tucke test for box and block test

and PRWHE score
Variables GROUP (J) GROUP Mean Sig. 95% Confidence interval
difference Lower bound | Upper bound
Box and block . . With interval .09722 .996 -2.6849 2.8793
test Without interval
Control group 4.88889 .000 2.0581 7.7197
Without interval -4.88889 .000 -7.7197 -2.0581
Control group .
With interval -4.79167 .001 -7.7017 -1.8816
PRWHE Score Without interval With interval 1.50000 .752 -3.5325 6.5325
Control group 7.50000 .003 2.3794 12.6206
Control group Without interval -7.50000 .003 -12.6206 -2.3794
With interval -6.00000 .022 -11.2640 -.7360

PRWHE = patient rated wrist hand evaluation score; sig = significance

box and block test

20
15 f""’i
0 — /
8
0 baseline after two weeks

= mCIMT without interval
= mCIMT eith interval
= pontrol group

FIGURE 4. Number of blocks transferred in box
and block test by patients in three groups

PRWHE SCORE

The two interventional groups, without interval
and with interval mCIMT showed significant sim-

ilar magnitude improvement as compared to con-
trol group as seen in graph below. The scoring of
patient decreased on scale as his pain and morbid-
ity decreased (Figure 5).

PRWHE score

100
80
60
40
20

baseline after two weeks

— MCIMT without interval
— mCIMT with interval
control group

FIGURE 5. PRWHE scoring of patients in three groups
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DISCUSSION

Prior to this study there was no mCIMT proto-
col in which intervals were provided to the patient
in between the session of mCIMT. These intervals
may reduce the difficulty level of the intervention
and increase the compliance of the patient. In this
RCT patients were actually comfortable with the
protocol and showed significant improvement sim-
ilar to non-interval mCIMT. Practicability, con-
stancy and satisfaction among mCIMT patients
were high. Specifically, one mCIMT without inter-
val patient recorded only one incidence of not
wearing the sling over the 2-week period. This in-
formation was given by patient’s caregivers.

In this study we used two standard clinical tests
to assess upper motor functions in patients with
stroke that were box and block test and PRWHE
score. The results revealed that mCIMT without
interval and mCIMT with interval both are equally
effective in treating the patient compared to the
control group. The past studies never used with in-
terval treatment in mCIMT to treat patients. It was
seen that box and block test score was increased
from 7 to 16 and patient were able to perform bet-
ter with hands in mCIMT with interval group. Bet-
ter performance in box and block test was achieved
due to gain of adequate strength and range of mo-
tion of hand which not only allowed the patient to
transfer but also hold the block for some moments
in his fist. Even PRWHE score got decreased from
77 to 70 and improvement was seen in functional-
ity scale and pain scale of the patient. This decre-
ment of PRWHE score was possible due to better
adaptation of movements by patient and repetition
of more skill-based movement.

The constrained induced therapy protocol is
productive but not feasible for some environment,
given its exceptional practice and restrain dura-
tion. Considerable pilot data suggest that shorter
arm practice protocols such as mCIMT is also able
to produce cortical reorganization (21,22) and
clinically relevant motor changes. Similar to
mCIMT without any interval, with interval
mCIMT was also able to produce motor changes in
the patient due to which all similar effects were
seen in the patients.

The mCIMT with and without interval protocol
works by decreasing learned non-use (23). The
learned non-use happens after an injury which may
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be due to stroke. After an injury there is decreased
CNS and motor activity which increases efforts for
the patient while performing movement due to
which less movement is produced leading to con-
traction of cortical representation zone of the part
affected. All the unsuccessful attempts by the pa-
tient act as punishment in the form of pain or inco-
ordination which leads to behaviour suppression
(24) and masked ability of the patient. Lots of
compensatory behaviour pattern which are not ide-
al to perform arrives which allows patient to
achieve an action. When these behaviour patterns
are repeated, they are reinforced and less effective
behaviour gets strengthened. All these things con-
tribute to learn non-use which is reversible in na-
ture (23).

The mCIMT with interval decreased the learned
nonuse by increasing motivation of the patient to
perform the task. It increased the affected limb use
leading to its positive reinforcement. Further prac-
tice and reinforcement lead to use dependent corti-
cal reorganization. Cortical representation occurs
of the more affected arm, which provides the neu-
ral basis for a permanent increase in the use of the
extremity. This leads to reversal in learned nonuse
and limb use in permanent life situation. And was
the main reason for improvement seen in patients
(23).

It was observed that mCIMT with interval pro-
tocol was more comfortable for the patient com-
pared to without interval mCIMT and compliance
issue was nominal. As two weeks was minimal
time to see the effect in stroke cases the effect of
mCIMT with interval were not that dramatic. If the
timing was more the result of outcome measures
could have been much better. This protocol was
more feasible for females who were house wives
and had to take care of kids and husbands at home
which required use of unaffected limb for required
time. This protocol worked nicely over young age
patients who had coordination issues with fingers.
It was seen this protocol can help the patient to
improve gripping and writing.

The finding of box and block test in our inter-
vention was consistent (25) in which two weeks
protocol was followed and improvement of 9 to 16
blocks was seen. Similarly in other neurological
condition also Box and block test values was con-
sistent with our study in which the mean value of
blocks increases from 2.3 to 4.7 (26). PRWHE
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score was never used before in any study and its
results also came promising in our study. Our study
results provided more insight over easing the treat-
ment timing which could benefit the patient simi-
larly and would create less compliance issues.

First limitation was the small study sample was
used in the study to evaluate the benefit of mCIMT
without interval protocol which doesn’t give clear
picture of the generalizability of the outcomes and
preclude meaningful analyses of the effects of par-
ticipant characteristics, such as gender or side of
stroke, on treatment outcomes.

Second limitation was the assessment of out-
comes was not blinded.

Third limitation was timing taken of two weeks
was less in this protocol to see the proper effect of
intervention over patient.

Fourth limitation was due to constrain of timing
and hit of Corona epidemic the control group
didn’t get desired sample size of patients.

Fifth limitation was the therapy protocol is
more concentrated on hand movements rather than
on elbow and shoulder.
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