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ABSTRACT

[T9TEATE This study aimed to investigate the effect of modified Constraint-Induced Movement Therapy
(CIMT) on upper extremity function of a patient with severe Acquired Brain Injury (ABI).

Received: 17 Dec 2018 WIELE e SEIEGEEE This study was conducted in 2017. The patient was a 33-year-old right-handed
Accepted: 08 Jun 2019 : woman with a severe ABI admitted to Rofeideh Rehabilitation Center suffering from severe hypoxia due

to suicide by hanging. She had no motion limitation, no history of dislocation or fracture, and no com-
plaints of pain in the upper extremity, at the more involved side (left). The informed consent letter was
obtained from the participant. The inclusion criteria for the subject were: active wrist extension of at
least 20 degrees, maintaining balance for two minutes, Ashworth scale score <3, and mini-mental state
examination score >24. The intervention was performed for two weeks, five days a week, three hours
a day at Rofeideh Center. For the less affected upper limb, sling and mitt were used as constraints for at
least six hours a day. We first used traditional techniques to reduce muscle tone (weight-bearing through
upper extremity, trunk rotation, scapular protrusion, and reflex-inhibition pattern). Then, some selected
motor tasks with shaping techniques were used. These tasks included cleaning the table with a towel,
flipping the pages of a book, picking up the glass and carrying it to the mouth, picking up and moving a
bottle, practicing to pick up and drop different objects, reaching arm forward to move objects from one
place to another, counting with fingers, picking up and rotating a card, and doing fine exercises and fine
motor and in-hand manipulation tasks by using coins and cereals. Assessments were performed at 4
stages of before, and then 2, 4, and 6 weeks after the intervention using Fugl-Meyer Assessment (FMA),
Functional Independence Measure (FIM), Motor Activity Log (MAL), and Box and Block Test (BBT).

ST Improvement in the upper extremity function of a patient with chronic and severe ABI can be
achieved by using the modified CIMT. According to FMA scores, an improvement was observed in four
areas of motor function, balance, sensation, and range of motion. Its score increased from 24 at baseline
to 56, two weeks after the intervention, and remained constant up to six weeks later. Also, manual dex-
terity under BBT was improved. Its score reached from 5 to 7, two weeks after, and 12, six weeks after
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Keywords: the intervention. Moreover, the patient’s FIM score improved from 19 to 36, two weeks after, and 38,
Modified constraint- six weeks after the intervention. Furthermore, regarding MAL results, the amount of movement score
induced movement increased from 0 to 1.70, and the quality of movement score increased from 0 to 1.66, six weeks after
therapy, Upper © theintervention.

extremity, Severe ¢ [T Modified CIMT can be an effective method for improving the upper extremity function of
acquired brain injury patients with chronic and severe ABI in a short period.
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Introduction

cquired Brain Injury (ABI) is one of the

leading causes of death and disability in

the world. It is defined as brain damage

after birth, which is not related to con-

genital disorders, developmental dis-
abilities and progressive brain damage processes [1].
There are many types of ABI that can be divided into
traumatic and non-traumatic. Common traumatic causes
include motor vehicle accidents, falls, assaults, gunshot
wounds, and sporting injuries, while non-traumatic
causes include brain damage, lack or shortage of oxy-
gen, tumors, aneurysms, vascular malformations, and
brain infections [2-5].

The global incidence of traumatic ABI is 349 per
100,000 people [S] and in Tehran, 15.3-144 people
per 100,000 people [6]. The findings show an increase
in the incidence of patients with non-traumatic ABI
due to anoxia, and a decrease in the incidence of non-
traumatic ABI due to cerebral and vascular tumors [7].
People with ABI, depending on the location of the inju-
ry, may have mobility problems such as spasticity, lim-
ited range of motion, abnormal gait, ataxia, instability
and weakness, and impaired upper limb function [8].

These people have many executive and motor prob-
lems in functional areas such as daily living activities
and personal care [9]. Therefore, patients with ABI
experience long-term defects, and their treatment re-
quires many health care resources. Inpatient rehabilita-
tion has higher therapeutic costs, and these costs are
significantly higher even after three years. Therefore,
patients with non-traumatic ABI suffer from longer-
term problems and require more intensive and inten-
sive care than patients with traumatic ABI [10]. The
primary concern in the rehabilitation of ABI is the
recovery of motor ability, because the improvement
in mobility and the motor function of the upper limbs
leads to improving the patient’s independence in per-
forming daily living activities and reducing the amount
of day care [11, 12].

Therapeutic restriction is one of the approaches used
to restore mobility based on the neurological flexibility
of the brain, followed by improved upper limb func-
tion with greater involvement [13]. It is difficult to
implement therapeutic restriction in clinical situations,
as studies have reported that patients are reluctant to
follow treatment and wear restraining devices. On the
other hand, therapists have acknowledged that the re-
sources and facilities necessary to implement thera-
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peutic restriction are not available [14]. Patients often
prefer few treatment sessions and less hours of use of
restrictive devices. Therefore, Page et al. proposed a
shorter protocol called Constraint-Induced Movement
Therapy (CIMT) [13].

Given that the evidence for intervention strategies in-
cluding upper limb rehabilitation, used in the rehabili-
tation of people with ABI is not sufficient [4, 15], and
there is a paucity of studies on the effect of modified
CIMT in patients with chronic and severe ABI, this
study aimed to investigate the effect of this method on
upper extremity function of a patient with severe ABI.

Case Presentation

Patient was a 33-year-old right-handed woman ad-
mitted to Rofeideh Rehabilitation center with a hy-
poxia diagnosis due to suicidal ideation and having
no complaints of pain in the upper extremities near
affected area. After the suicide, all four organs of the
patient were involved, where the upper left side was
more affected. The patient had always used the lower
extremity with less damage and had difficulty perform-
ing daily living activities that required bilateral upper
limb movements.

The left arm was able to reach objects but was unable
to pick up and carry them. Immediately after discharge
from the hospital and admission to the rehabilitation
center, the patient had received occupational therapy
and physiotherapy services from four years ago dur-
ing 13 hospitalizations and had not been able to use
the upper left limb during all this time. First, the pur-
pose of the study was explained to the authorities, and
after obtaining consent from the patient, an initial as-
sessment was made. The inclusion criteria were: ac-
tive wrist extension of at least 20 degrees, maintaining
balance for two minutes, Ashworth scale score <3 and
Mini-Mental State Examination (MMSE) score>24. In
addition to receiving the intervention provided in this
study, the patient received physiotherapy interventions.
Her main complaint was the inability to use the more
involved upper limbs and the difficulty in performing
daily activities independently.

The intervention was performed for two weeks, five
sessions a week, each for three hours [16]. Sling and
gloves were used as constraints for at least six hours a
day. In each session, upper extremity preparation was
performed by reducing the spasticity of upper limb mus-
cles [17], followed by motor activities and tasks [18].
Shaping technique was used during the intervention (Ta-
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Table 1. Motor tasks used for modified CIMT
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Sessions

Tasks

1 Cleaning the table with a towel

O 00 N o U B W N

Flipping the pages of a book
Picking up the glass and carrying it to the mouth
Picking up and moving a bottle
practicing to pick up and drop objects
Reaching arm forward to move objects from one place to another
Using fingers to count
Picking up and rotating a card

Fine motor and in-hand manipulation tasks by using coins and cereals

ble 1). For assessment of patients, Fugl-Meyer Assess-
ment (FMA) scale, Functional Independence Measure
(FIM), Motor Activity Log (MAL), and Box and Block
Test (BBT) were used. The evaluation was performed
before, and 2, 4 and 6 weeks after the intervention.

FMA is a quantitative measure for sensory-motor eval-
uation of patients with central nervous system damage.
The total score for the upper limb is 66. The reliability
of this test on patients with stroke was reported by Kari-
mi et al. and Toluee et al. as 0.97 and 0.98, respectively
[19, 20]. FIM tool includes 13 motor items and 3 cogni-
tive items. The validity and reliability of this test in Iran
were investigated by Naghdi et al. on people with stroke
[21] and Rezaei et al. on people with traumatic brain

Table 2. Characteristics of patient
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injury. MAL test is for assessing the use and quality of
movements of the injured arm in 30 daily living activi-
ties. This test has a very good validity and reliability
[22] and has been used in various $tudies in Iran [23-25].
Finally, BBT measures unilateral gross manual dexter-
ity. This test has high validity and reliability [26, 27].

Results

Table 2 shows the characteristics of patient. Figures 1,
2 and 3 demonstrates the scores of patients under per-
formed tests at three measurement phases. According to
the results in Table 3, the FMA score increased from 24
before the intervention to 56 after the intervention; BBT
score increased from 5 before the intervention to 12 six

Active Range of Motion Ashworth Scale
Gender Age  MMSE Shoulder Elbow Ex- Wirist Exten- Fingers Ex-  Shoulder Elbow Wrist Fingers
Flexion tension sion tension Adductor Flexor  Flexor Flexor
Female 33 25 35 160 32 25 1 1 2 2
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Table 3. Upper extremity performance of the patient at four different measurement phases

Measures Before After 2 Weks After 6 Weeks After
FMA 24 56 56 56
FIM 19 31 36 38
QOM 0 68.1 68.1 66.1
MAL
AOM 0 321 39.1 70.1
BBT 5 7 7 12
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Before After

Figure 1. FMA scores of the patient at four different measurement phases

FIM

2 weeks after 4 weeks after
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Befor After

Figure 2. FIM scores of the patient at four different measurement phases

weeks after the intervention; FIM score increased from
19 before the intervention to 38 six weeks after the inter-
vention; and the subscale scores of MAL questionnaire
including amount of movement (AOM) and quality of
movement (QOM) increased from 0 to 1.70 and from
0 to 1.66, respectively, six weeks after the intervention.

Discussion

Upper extremity dysfunction is commonly seen in
patients with ABI. The efficiency of the upper extrem-
ity in these people leads to the promotion of their par-
ticipation in daily living activities and functional areas.
Although several interventions have been used to im-
prove upper extremity function, the results of this case
study showed that modified CIMT with unique use of
upper extremity has, quantitatively and qualitatively,
increased the patient’s performance and independence
more. Compared to pretest scores, the scores of FIM
questionnaire as well as the BBT test increased signifi-

BBT

2 weeks after 4 week after
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cantly after the intervention and even continued up to
four weeks after the intervention.

These results indicate that the improvement in upper
extremity function leads to an increased level of inde-
pendence in self-care, ability to move, transferring, and
manual dexterity. Yu et al. achieved similar results in a
clinical trial on people with cerebral palsy [28]. They
used BBT, FIM and a dynamometer for measuring
the patient. They concluded that modified CIMT can
improve hand dexterity, grip strength and activities of
daily living in these patients.

Based on FMA scores reported in our study, it can be
said that the motor function, the amount of hand use
and the motor quality of the upper limb have increased
after the intervention. The results of Takebayashi et al.
also showed that the FMA and MAL scores of people
with stroke increased after using modified CIMT [11].

/

Befor After

Figure 3. BBT scores of the patient at four different measurement phases

2 weeks after 4 week after
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Caimmi et al. [30] used kinematic and upper limb
function analyses to evaluate the effect of modified
CIMT. In their study, after two weeks of intervention,
patients with chronic stroke significantly showed an in-
crease in speed and coordination of upper limb move-
ments while moving the hand to the mouth and achiev-
ing a specific goal. This is consistent with our results.

The findings of the present case study showed only
a short-term improvement in upper extremity function
after modified CIMT. Past studies have also reported a
short-term effect of these interventions on patients with
chronic and acute stroke [16]. However, Dahl et al. [31]
in a study on 30 patients with chronic and subacute
strokes found no significant long-term (six month) ef-
fect of modified CIMT, in spite of its short-term out-
come. One of the important factors affecting long-term
outcome of this treatment in people with chronic brain
damage is its generalization to real life.

The patient should use problem-solving skills and
self-monitoring to transfer the interventions to daily
living activities, but these patients refuse to use the af-
fected hand due to motor and functional limitations;
hence, in the long term, they will not get acceptable
outcome from this intervention [29]. However, studies
using transcranial magnetic stimulation have shown an
increase in short-term [32] and long-term [33] activity
of cerebral cortex after modified CIMT. Therefore, the
long-term outcome of modified CIMT is not clear yet.

In this study, the intervention was designed and per-
formed intensively in a short period (10 sessions for
2 weeks). The results showed an improvement in up-
per extremity function, especially the FMA score up to
one month after the intervention, although systematic
review studies have shown that the intensity of motor
tasks during the intervention does not affect the thera-
peutic results of the modified CIMT [16]. For ethical
reasons, we could not deprive the patient of receiving
other services such as physiotherapy; thus, the combi-
nation of these two interventions may have led to this
significant improvement [31].

Review and meta-analysis studies have shown that
modified CIMT has the most effect on motor function in
patients with acute stroke because it is possible to recov-
er and restore nerves in this period [16, 29]. However,
although four years had passed since the brain injury in
the study case, there was an improvement in the qualita-
tive and quantitative aspects of her movement and upper
limb function in daily living activities. In our study, the
role of learning and increased skill in using compensa-
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tory strategies to perform motor tasks may be greater
than the restoration of the nervous system [34, 35].

More studies should be conducted to reveal the effec-
tiveness of this intervention to increase the knowledge
of recovery mechanism in people with severe chronic
brain damage. Since only one patient was studied in
this case study, the outcome cannot be generalized to
all patients with severe chronic brain injury; it has only
provided preliminary results for future studies. It is
recommended that this study be performed with a larg-
er sample size and stronger design, such as randomized
controlled trial, to provide stronger evidence of the ef-
fect of modified CIMT on improving upper extremity
function in patients with severe and chronic ABI.

Conclusion
There is evidence that modified CIMT can be effec-

tive in improving upper extremity function in patients
with chronic and severe ABI in a short period.
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6. Motor Activity Log
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