
Application of Combined Botulinum
Toxin Type A and Modified
Constraint-Induced Movement Therapy
for an Individual With Chronic
Upper-Extremity Spasticity After Stroke

Background and Purpose. Constraint-induced movement therapy (CIMT) is a
promising intervention for retraining upper-extremity function after a stroke.
The purpose of this case report is to describe the use of a combination of
botulinum toxin type A (BtxA) and a modified CIMT program for a patient
with severe spasticity who was unable to use his right upper extremity. Case
Description. The 52-year-old patient, who had a stroke 4 years ago, did not
meet the minimum motor criteria for CIMT benefit. After receiving BtxA
injections targeting the elbow, wrist, and finger flexors, he completed a 4-week
program of modified CIMT followed by a 5-month home exercise program.
Outcomes. The patient exhibited improvement in muscle tone (the velocity-
dependent resistance to stretch that muscle exhibits) and in scores on several
upper-extremity function tests (Modified Ashworth Scale, Motor Activity Log,
Wolf Motor Function Test, Action Research Arm Test, and Fugl-Meyer
Assessment of Motor Recovery). He also reported making much progress in
the functional use of the involved upper extremity. Discussion. In a patient
with severe flexor spasticity and nonuse of the dominant upper extremity after
a stroke, a combined treatment of BtxA and modified CIMT may have
resulted in improved upper-extremity use. [Sun SF, Hsu CW, Hwang CW,
et al. Application of combined botulinum toxin type A and modified
constraint-induced movement therapy for an individual with chronic upper-
extremity spasticity after stroke. Phys Ther. 2006;86:1387–1397.]
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C
onstraint-induced movement therapy (CIMT)
has been shown to produce lasting improve-
ments in upper-extremity movement following a
stroke.1–16 The basic components of CIMT

involve restraint of the unaffected arm for 90% of the
person’s waking hours for a 2-week period in conjunc-
tion with repetitive training of the more-affected upper
extremity.1,4–9 The less-affected extremity is restrained
with a mitt, sling, or glove. During the 2-week period,
patients typically participate in 6-hour activity sessions
each weekday. The minimum motor criteria of patients
who show benefit from CIMT include at least 20 degrees
of wrist extension and 10 degrees of extension at each
metacarpophalangeal and interphalangeal joint of the
affected upper extremity.5–8,16 Participants in these stud-
ies demonstrated improvements in the amount of use
and quality of movement in the more-involved upper
extremity as well as carryover of skills from the hospital
to the real world.4–9,17

It is estimated that approximately 20% to 25% of people
with chronic stroke with residual motor deficit meet the
minimum motor criteria.2 Most studies of CIMT
excluded patients with severe upper-limb spasticity.
Severe spasticity of the upper extremity is a common
complication after stroke, and it is usually a major
contributor to the motor function disability.18 Spasticity,
defined as “a velocity-dependent increase of tonic stretch
reflexes with exaggerated tendon jerks, resulting from
hyperexcitability of the stretch reflex,”19 is a condition
that results from a number of neurological disorders
such as spinal cord injury, traumatic brain injury, and
stroke.20 Untreated spasticity can result in a net imbal-
ance of force, leading to deformity across the joints.21

Management of spasticity is considered essential to pre-
vent deformities, to improve function, and to relieve
distressing symptoms; optimal medical treatment often
requires multiple interventions.22–24

In recent years, botulinum toxin type A (BtxA) has been
shown to be effective in reducing poststroke spasticity
and its complications.25–28 However, controversy exists
about improvement in motor function relative to
improvement in spasticity. Botulinum toxin type A
injected into the skeletal muscle belly prevents the
release of acetylcholine from the presynaptic axon of the
motor endplate and blocks signal transmission at the
neuromuscular junction.29

Because the evidence indicates that minimum motor
criteria are necessary to optimize the benefit from CIMT
in people after a stroke, those people who do not meet
these initial criteria may not benefit from CIMT.12 The
purpose of this case report is to describe the use of a
combination of BtxA (Dysport)* injections and a modi-
fied CIMT program for a man who did not meet the
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This case report is a baseline

description of combined botulinum

toxin type A and modified constraint-

induced movement therapy for a

patient with stroke and disabling

upper-extremity spasticity.
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minimum motor criteria for CIMT and had nonuse of
the right upper extremity 4 years after a stroke. This
patient’s initial motor abilities compared with his ulti-
mate gains after CIMT and BtxA warrant reporting the
combined program and the outcomes.

Case Description

History, Diagnosis, and Prognosis
The patient was a 52-year-old man who had a stroke 4
years previously, with resultant hemiparesis in his dom-
inant right hand and arm. Computed tomography
revealed low density over the left temporoparietal
region. Before the stroke, he worked as a manager in an
international trading company. He had a 5-year history
of hypertension. After participating in inpatient rehabil-
itation for 6 weeks, he could ambulate slowly without an
assistive device. After discharge, he had received an
average of 3 outpatient physical therapy and occupa-
tional therapy sessions per week continuously for 1 year.
Subsequently, he was able to walk at least 2 km. He
learned to drive one-handed and went back to work
occasionally as a consultant 1 year after the stroke.

Since the stroke, he used his left upper extremity almost
exclusively to perform daily activities. The patient
reported that he did not use his right arm or hand to
write, eat, or dress. He could not open doors or drawers,
turn on lights, or answer the telephone with his right
hand. His doctor and therapists told him that his motor
recovery had plateaued and that additional recovery was
doubtful. He responded to information about an on-
going stroke research project on a combination of BtxA
injections and a modified CIMT program at our institu-
tion. When we saw him, the patient appeared motivated
and excited about the combined interventions, and his
goal for the program was to increase function in his right
upper extremity. After completing the screening pro-
cess, he gave written informed consent to participate in
the program.

Examination and Evaluation
The patient met the screening criteria for entry: (1) more
than 1 year after stroke with disabling spasticity and
residual hand function with some active movement in
wrist and fingers; (2) no obvious fixed contractures of
the upper-limb joints; (3) no medical complications or
other pre-existing neurological conditions (eg, myasthe-
nia gravis, Eaton-Lambert syndrome, or motor neuron
disease); (4) evidence of preserved cognitive function
(Mini-Mental Status Examination score of at least
24/30)30; (5) no previous treatment with BtxA or neu-
rolytic or surgical procedures in the affected limb and
no concomitant oral antispastic medication during this
study; and (6) not currently participating in any exper-
imental rehabilitation or drug studies.

During the physical examination, he had difficulty
extending his fingers and his elbow. He could not open
his hand widely after making a fist and could not release
his grasp on a tennis ball. Although he was able to elicit
finger movement into synergy patterns, only minimal
active extension movement was noted in his right wrist
and fingers. He did not meet the minimum motor
criteria for CIMT because he had only approximately 8
degrees of active wrist extension and minimal finger
extension of less than 10 degrees (motor criteria were
tested with the forearm supported on the edge of a table
and the wrist in a passively flexed position over the edge
of the table). He had dysesthesia to light touch on the
right upper arm and palm of the hand. To test joint
position sense, the patient’s joints of the right upper
extremity were grasped laterally and passively moved.
While keeping the eyes closed, he was able to indicate
the direction of movement and final position of the
shoulder and elbow, but joint position sense was
impaired at the wrist and thumb.

He was able to actively flex and abduct his shoulder to
approximately 90 degrees, but not without elbow flex-
ion, indicating a flexor synergy. He reported pain in the
shoulder with passive flexion, abduction, and external
rotation and pain in the elbow with passive extension.
He had intermittent right shoulder pain when he
attempted to move his right upper extremity. When he
attempted to perform activities that required right shoul-
der movement, he used trunk substitution or scapular
elevation to move his right arm.

Baseline Testing
Prior to the combined interventions, the patient com-
pleted baseline testing, which consisted of the following
tests and measures:

Mini-Mental State Examination (MMSE). The MMSE is a
brief cognitive screening instrument with scores ranging
from 0 to 30. We used the MMSE to detect any gross
cognitive changes that may have occurred during the
study period. Concurrent validity (r) has been reported
as .78 and .66 for the MMSE versus the Verbal IQ and the
Performance IQ portions of the Wechsler Adult Intelli-
gence Scale, respectively.31 Test-rest reliability (r) has
been reported as .89.31 Intertester reliability (r) has been
reported as .83.31

Modified Ashworth Scale (MAS). The MAS has been
shown to yield reliable data in the assessment of upper-
limb spasticity. The reliability (kappa) of the MAS scores
was reported to be .84 and .83 for interrater and
intrarater comparisons, respectively.32 Muscle tone (the
velocity-dependent resistance to stretch that muscle
exhibits) was assessed separately at the elbow, wrist, and
fingers. The degree of resistance to the passive muscle
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stretch that was felt by the examiner was scored on a
6-point ordinal scale ranging from 0 (no increase in
muscle tone) to 4 (the affected part is rigid in flexion
and extension). A supplementary level “1�” between the
scores of “1” and “2” was used to indicate slight increase
in muscle tone, manifested by a catch, followed by
minimal resistance throughout the remainder (less than
half) of the range of motion.

Motor Activity Log (MAL). Real-world outcome is
assessed by the MAL, which consists of a semi-structured
interview measuring how patients use their affected
limbs for activities of daily living (ADL).33 The patient
rated how much and how well he used the affected arm
for ADL during the past week using a 6-point Amount
Scale and a 6-point How Well Scale (Appendix 1).13

Examples of items on the questionnaire include opening
an envelope, combing hair, pouring coffee or tea, cut-
ting fingernails, and donning and doffing shoes.

Wolf Motor Function Test (WMFT). The WMFT was
developed for people with mild to moderate stroke.1,34 It
incorporates 15 upper-extremity functional tasks to
assess movement components required for daily tasks.
The time required for each task (up to 120 seconds) is
measured, and the median time score is reported. Qual-
ity of movement scoring is assessed using a 6-point
Functional Ability Scale, with scores ranging from 0 (not
attempted) to 5 (normal movement) (Appendix 2). The
mean Functional Ability Scale score is reported. Inter-
rater reliability (r) of the WMFT was reported to be .97
or greater for performance time and .88 or greater for
functional ability.34 Intrarater reliability (r) was reported
to be .90 for performance time and .95 for functional
ability. Wolf et al35 reported interrater reliability (r) of
WMFT scores ranging from .97 to .99.

Action Research Arm Test (ARAT). The ARAT is a func-
tional assessment of upper-extremity strength (force-
generating capacity of a muscle), dexterity, and coordi-
nation.36 Derived from the Fugl-Meyer Scale, the ARAT
consists of 19 items divided into 4 subscales: grasp, grip,
pinch, and gross movement. The performance of each
motor task is rated on a 4-point ordinal scale, ranging
from 0 (no movement possible) to 3 (movement per-
formed normally). Scores on individual items are added,
with a maximum score of 57 per arm. The concurrent
validity has been supported by comparison with the
Brunnström–Fugl-Meyer test.37 Scores for the ARAT has
been reported to have interrater reliability (r) of .99 and
test-retest reliability (r) of .98,36,38 and the test has been
shown to be responsive.39

Fugl-Meyer Assessment of Motor Recovery (FMA). The
FMA is an accurate method of assessing function in
patients with hemiparesis based on the natural progres-

sion of functional return.40 It is a cumulative assessment
that measures motor skill, coordination, speed of the
upper extremity, balance, sensation, and some joint
function in people with hemiparesis. We used the Upper
Extremity Motor Score (0–66 points) and an overall
total Comprehensive Score consisting of the Upper
Extremity, Sensation, Joint Range of Motion, and Pain
scale scores (0–126 points). Test-retest reliability has
been reported to be high for the total scores of upper-
and lower-extremity motor performance (at least r �.984
and r �.886, respectively).41

The MAS is an accepted measure for evaluating muscle
tone and spasticity in clinical trials.42 All of the other
tests were selected because they have commonly been
used in CIMT and modified CIMT research,1,3,7–9,14,17

and were shown to be responsive to changes in function
after CIMT.38 Before the intervention period began, the
ARAT and FMA were administered on 2 occasions 1
week apart, and the WMFT and MAL were administered
once. The 2 baseline ARAT and FMA scores were
averaged for subsequent analyses.

The MMSE, MAS, and FMA were administered by the
same physician. All administrations of the MAL, WMFT,
and ARAT were done by the same occupational therapist
who had 10 years of experience with examination and
intervention for people with neurological deficits. The
MAL and WMFT instructions included detailed descrip-
tions and scripts for test administration. The WMFT and
ARAT were administered in the same room, using the
same equipment and the same chair and table position
and with the same verbal directions at each administra-
tion. In the present case, the r values for test-retest
reliability on the WMFT, ARAT, and FMA were between
.75 and .90. Test-retest reliability of these scores was
determined by the same observer and by repeat video-
tape assessment of 10 randomly selected subjects with
chronic hemiplegia (1 year), showing moderate motor
impairment. To standardize the assessment environ-
ment, the same chair, testing equipment, and testing
procedures were used for every subject and at each
evaluation point.

Intervention
Botulinum toxin type A (Dysport), supplied as vacuum-
dried powder in a 500-unit vial, was reconstituted with
sterile normal saline (0.9%) to reach a total volume of
2.5 mL per vial. Muscles chosen for injection were based
on previous experience with BtxA in upper-limb spastic-
ity.28 About 400 units of BtxA were injected into the
muscle belly of the biceps brachii muscle at 2 sites (each
site received 200 units). The flexor digitorum superficia-
lis, flexor digitorum profundus, flexor carpi ulnaris, and
flexor carpi radialis muscles were injected with 150 units
each at 1 site per muscle. The injections were placed in
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the muscle belly using anatomical landmarks as in
routine electromyography.

After receiving 1,000 units of Dysport injection in the
spastic muscles of right upper extremity, the patient
received a 4-week modified CIMT program consisting of
2 hours of training each day 3 times weekly at our
rehabilitation center. During this period, he restrained
his less affected upper extremity with a soft mitt attached
around the wrist. He was told to wear the restraint as
long as possible and for at least 5 hours of his waking
hours per day during the study period. We employed a
less intense, modified CIMT program because a tradi-
tional CIMT protocol might be problematic, given the
required practice intensity and the duration of the
restraint schedule.14 In addition, traditional CIMT might
impose substantial demands on the therapists and the
resources of a rehabilitation unit.

The training approaches implemented in this program
included massed practice, shaping, a home treatment
agreement, and a daily treatment diary. Massed practice
for this client involved repeatedly attempting to move
and use his affected arm and hand, while restraining his
less-affected side for at least 5 hours each day of the week
for a period of 4 weeks. Massed practice is thought to be
the driving force behind the use-dependent cortical
reorganization described in neuroimaging studies
involving CIMT.5,6,43

Shaping is a behavior technique, and it is particularly
important in the management of patients with less
movement ability.11 Taub and colleagues2 defined shap-
ing as: (1) selecting tasks tailored to address the motor
deficits of the individual patient, (2) helping the patient
to carry out parts of a movement sequence if they could
not complete the movement at first, and (3) providing
positive verbal feedback for small improvements in task
performance. The therapist progressively increases the
challenge of the task according to the patient’s improve-
ment in task performance.

The home treatment agreement and daily treatment
diary are essential behavioral components in a CIMT
program.44 A home treatment agreement is a contract
that details what activities will be done with the restraint
on, when the restraint will be worn in the community or
in social situations, and when the restraint should be
removed for potentially unsafe situations. The treatment
diary is a detailed daily log to track use of the affected
arm when away from the hospital. The diary was kept to
document device use time, as well as activities performed
during restraint hours. The patient used this diary for
daily documentation and included as much detail and
description as possible. For example, the patient might
have reported that for the previous day’s dinner he ate

80% of a meatball with a built-up spoon. The patient also
might report how much time it took to perform an
activity, such as 8 minutes to open the door using only
the affected upper extremity. The diary assists with
ongoing evaluation of program adherence. Table 1
shows a typical treatment day for the patient.

One of the main focuses of the intervention was to teach
the patient about learned nonuse and cortical reorgani-
zation after stroke. We expected that this program would
increase awareness of the needs and benefits in using his
affected arm and that he would continue to carry out a
modified CIMT program at home over the following 5
months. We gave specific instructions for repetitive
home exercises and how to progress tasks as he gained
movement at home. The postintervention program
included practicing functional tasks using the affected
upper extremity with activities such as picking up pen-

Table 1.
A Typical Treatment Day

7:00 AM The patient awoke, performed morning hygiene and
dressing tasks, and had breakfast with both
hands (using the right upper extremity as much as
possible and documenting how much it was
used).

8:00 AM He applied the restraint, got his newspaper,
performed household chores, then he drove to the
hospital.

9:30 AM He reviewed the treatment diary and discussed the
previous day’s events with the therapist.

9:50 AM Right upper-extremity training, implementing the
concepts of massed practice and shaping:
activities focusing on eliciting and strengthening
his ability to move and functionally use his right
upper extremity. Tasks were modified to increase
difficulty when appropriate (each task was
performed for 30 to 40 minutes, with appropriate
rest periods interspersed with movement attempts).

11:50 AM We reviewed the day’s happenings and assigned
practice tasks for the evening and the following
day. In the treatment diary, a homework log listed
the tasks to be completed and included space for
the patient to comment on his performance. He
was encouraged to perform activities of daily
living with his right arm as much as possible.

12:00 PM He left the hospital and continued with home
practice activities and functional tasks using the
involved upper extremity as much as possible. He
bought lunch and ate it with the restraint on. The
restraint was worn on the left upper extremity for
most of the day. Events were documented in
detail until he arrived at the hospital.

2:30 PM He drove to his company and worked as a
consultant.

6:00 PM He prepared, ate, and cleaned up after dinner with
both hands (using the right upper extremity as
much as possible). He ate dinner with the restraint
on. He chose foods that could be cut into chunks
and more easily speared with a fork.

Weekends: He continued to wear the restraint and used the
affected upper extremity for exercises and functional tasks as
much as possible. Assigned repetitive exercise tasks, similar to
what was done in the hospital, were detailed for each Saturday
and Sunday.
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cils, tossing a ring, typing on a com-
puter, and moving blocks or cans. A
daily activity log was kept to record
what tasks had been attempted and
how the tasks were progressed. As he
improved in performance, the com-
plexity and difficulty of the tasks were
increased (such as by adding a time
component, increasing the degrees of
freedom, increasing the height or dis-
tance, or increasing the pattern com-
plexity) to challenge him. We sug-
gested that he should wear the restraint
at home as much as possible when it
did not compromise his safety.

Posttreatment and Follow-up Testing
At the end of the 4-week modified
CIMT program and 3 months and
6 months after injection, the patient
completed posttreatment assessment
consisting of the MMSE, MAS, MAL,
WMFT, ARAT, and FMA instruments.
We also elicited feedback and patient’s
satisfaction and comments about the
program through a questionnaire and
discussion (Appendix 3).

Outcomes
The patient wore the restraint for an
average of 80% of his waking hours for
the 4-week program and for approxi-
mately 60% of his waking hours for the postintervention
home program. Comparisons of scores on the MAL,
MAS, WMFT, ARAT, and FMA at baseline, week 4, and
the 3-month and 6-month follow-ups are shown in the
Figure and Tables 2, 3, 4, and 5.

MMSE
The patient’s MMSE score remained relatively constant
(27 at baseline, 28 at week 4 and at the 3-month and
6-month follow-ups), suggesting that he had no cognitive
changes throughout the intervention and follow-up
period that might have affected test performance or
carryover of the program.

MAS
Before the intervention, the patient did not have suffi-
cient volitional control of his upper-extremity extensor
muscles to overcome predominantly flexor synergies. At
week 4, his MAS score was reduced significantly at the
elbow, wrist, and fingers, with the effect most prominent
at the elbow (Tab. 2). He could voluntarily extend his
wrist to 30 degrees and open his hand halfway after
making a fist. Although MAS scores increased at the

3-month and 6-month follow-ups, they still remained
lower than at baseline level (Tab. 2).

MAL
The client scored higher on the MAL after the combined
interventions (Figure). On the Amount Scale, he
changed from 0.25 at baseline to 1.67 at week 4. This
finding suggested that he had never, or only occasion-
ally, used his affected arm for ADL before treatment. He
progressed to some use of the right upper extremity, but
he was still primarily dependent on the left upper
extremity at week 4. The score decreased slightly to 1.44
at the 3-month follow-up, but it further increased to 1.7
at the 6-month follow-up.

On the How Well Scale, his score changed from 0.75 at
baseline to 1.92 at week 4. This finding indicated that his
right arm was not really helpful. The score slightly
decreased to 1.89 at the 3-month follow-up, but it further
increased to 2 at the 6-month follow-up. Both subscale
scores of the MAL appeared to increase greatly at the
6-month follow-up, which suggested that he did increase
the use of his more-affected limb for ADL (Figure).

Figure.
Motor Activity Log results. The patient rated how much and how well he used the affected arm
for activities of daily living during the past week using a 6-point Amount Scale and a 6-point
How Well Scale. For the Amount Scale: 0�never use affected arm for this activity; 1�occa-
sionally use; 2�sometimes use; 3�use affected arm about half as much as before the stroke;
4�use almost as much as before stroke (3/4 prestroke); 5�always use affected arm (same as
prestroke). For the How Well Scale: 0�did not attempt task with affected arm (never);
1�affected arm was moved, but unable to perform task (very poor); 2�perform task very slowly
or with difficulty, needed some help from the stronger arm (poor); 3�perform task for the
purpose indicated, but movements were slow or were made with only some effort (fair);
4�almost normal, just not as fast or accurate; 5�appears normal.
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WMFT
The patient’s initial median time on the WMFT was
104.07 seconds, indicating inefficient movement or dif-
ficulty performing a majority of the tasks (Tab. 3). The
time improved to 88.21 seconds at week 4. The time
increased to 100.12 seconds at the 6-month follow-up,
but it still remained lower than at baseline. His initial
mean Function Ability Scale score was 2.15, suggesting
that his right upper extremity was not used in some tasks
or was used with assistance, multiple attempts, compen-
satory movements, or extra time. The score increased to
3.4 at week 4. The highest score was 3.47 at the 6-month
follow-up, which suggested that the quality of his move-
ment might have improved (Tab. 3).

ARAT and FMA
Baseline ARAT and FMA scores (which were taken on 2
occasions) were stable, suggesting that the patient was
exhibiting stable motor deficits. Baseline total ARAT
scores were 13 and 13. Baseline FMA Upper Extremity

Motor Scores were 24 and 22. His comprehensive scores
were 67 and 65.

After the 4-week intervention, the patient displayed an
improvement of 16 points on the ARAT (Tab. 4). The
posttreatment subtest scores at week 4 were higher in the
grasp, grip, and pinch subscales. At the 3-month and
6-month follow-ups, total ARAT scores further increased
to 31 and 43, respectively (Tab. 4).

The patient also demonstrated higher scores on the
FMA after the intervention period (Tab. 5). The greatest
gain was noted at week 4 (from 23 to 29 on the Upper
Extremity Motor Score and from 66 to 78 on the
Comprehensive Score) (Tab. 5). The patient was able to
perform more forearm supination, elbow extension, and
wrist extension within the flexor synergy at week 4. Both
subscale scores decreased slightly at the 3-month follow-
up. The scores, however, still remained higher at the
6-month follow-up than at baseline.

Discussion
The patient, who had upper-extremity spasticity 4 years
after a stroke, typically would not have been expected to
make obvious improvement in his physical abilities. After
the combination of BtxA and modified CIMT, he did
achieve improvements on the MAL, WMFT, ARAT, and
FMA scores from baseline to posttreatment testing at
week 4. Although MAL and FMA scores decreased
slightly at the 3-month follow-up from week 4, all tests
improved at the 6-month follow-up compared with base-
line testing.

These changes in test scores may be attributed to several
factors. They could reflect improvement in strength and
coordination in the affected upper extremity as a result
of spasticity reduction and repetitive training, a change
in learned nonuse behaviors, or use-dependent cortical
changes after the combination of BtxA and modified
CIMT. It is also possible that either CIMT or BtxA alone
could have been the critical factor accounting for
observed changes in this individual.

Upper-extremity spasticity interferes with ADL; it also
may interfere with voluntary motor function in patients
with residual muscle power.45 Reduction in spasticity,
however, does not necessarily translate into better func-
tional abilities.46,47 Although the effectiveness of BtxA in
reducing poststroke spasticity had been demonstrated
in some large randomized controlled trials, no signifi-
cant improvement in the functional outcomes was ob-
served.25–29 Generally, functional gains usually involve
the acquisition of new motor skills or the use of com-
pensatory strategies with repeated practice over a period
of time. It is plausible that a combination of modified
CIMT using intensive practice of functional tasks with

Table 2.
Modified Ashworth Scale (MAS) Scoresa

Elbow Wrist Fingers

Baseline 3 2 2
Posttreatment at week 4 1 1 1
3-mo follow-up 1� 1� 1
6-mo follow-up 2 1� 1�

a The MAS is scored on a 6-point ordinal scale ranging from 0 to 4. 0�no
increase in muscle tone; 1�slight increase in muscle tone, manifested by a
catch and release or by minimal resistance at the end of motion when the
affected part is moved in flexion or extension; 1��slight increase in muscle
tone, manifested by a catch, followed by minimal resistance throughout the
remainder (less than half) of the range of motion (ROM); 2�more marked
increase in muscle tone through most of the ROM, but affected part(s) easily
moved; 3�considerable increase in muscle tone, passive movement difficult;
4�affected part(s) rigid in flexion or extension.

Table 3.
Wolf Motor Function Test (WMFT) Scoresa

Median Time
Score (s)

Mean Function
Ability Scale Score

Baseline 104.07 2.15
Posttreatment at week 4 88.21 3.4
3-mo follow-up 90.56 3.4
6-mo follow-up 100.12 3.47

a The WMFT incorporates 15 upper-extremity functional tasks to assess
movement components required for daily tasks. The time required to perform
each task (up to 120 seconds) is measured. A low time score is optimal.
Quality of movement scoring is assessed using a 6-point Functional Ability
Scale, with scores ranging from 0 to 5. 0�not attempted; 1�attempt made,
but affected arm not participating functionally; 2�arm does participate, but
needs more than 2 attempts, needs assistance from the stronger arm, needs
compensatory movements, or accomplishes very slowly; 3�arm does
participate, but movement influenced by synergy or performs task slowly or
with effort; 4�movement close to normal, but slightly slower, lack precision or
fine coordination; 5�normal movement.
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BtxA injection to reduce spasticity may result in better
upper-extremity function after stroke.

Week 4 was chosen as the optimal time for the first
outcome assessment because the clinical effect of BtxA
peaks around this period.48 Similarly, the timing of the
subsequent assessments at 3 months was determined by
the pharmacodynamic properties of BtxA because neu-
rotransmission is restored in approximately 3 months by
a process of neuronal sprouting.49,50 Some authors
recently showed that the contractile activity of the
injected muscles might enhance the BtxA effect.51,52 In
our case, the patient continued using his injected upper
extremity as much as possible, and thus increased the
overall contractile activity of the affected upper extrem-
ity and possibly prolonged the BtxA effect to at least 6
months.

It is believed that patients who have had a stroke display
greater motor disability on their more affected sides
than actually exists.14 Over time, this movement suppres-
sion, or learned nonuse, becomes so habitual that
patients use the less affected side for most ADL.2 In our
case, the patient might have unknowingly been capable
of performing more movement with his right upper

extremity than he was doing prior to
this intervention. With the restraint on
and the intensive training directed
toward his right upper extremity, he
attempted to move and use his arm
much more during the 4-week modi-
fied CIMT program than he had done
previously. This was evidenced by his
Amount Scale scores on the MAL as
well as through clinical observation. It
is appropriate to speculate that, with
this patient, motivation and repeated,
task-specific practice through modified
CIMT might have overcome a learned
nonuse behavior.

The fact that the patient received no
other therapeutic intervention for the study duration
might help explain that the improvement was the result
of combined BtxA injection and modified CIMT. Data
from our case further refute the notion that patients who
have had a stroke can only exhibit gains up to 1 year
after their stroke.53,54 The changes, however, also could
be the result of the attention the patient received or the
almost constant attention given by the physicians and
therapists who were involved in moving his right upper
extremity. We do not know whether actual changes
occurred at the cortical level, because neuroimaging
techniques were not included in our case. Currently, it is
unknown whether use-dependent cortical reorganiza-
tion can occur in people who have had a stroke and who
have moderately severe spasticity.

Page and colleagues14 reported mean improvements of
18.4 and 11.4 points on the FMA and ARAT in patients
with a subacute stroke after a 10-week course of modified
CIMT. In our case, the patient exhibited a change score
of 3 on the FMA and 18 on the ARAT at the 3-month
follow-up. It is important to note that the severity of
upper-extremity motor impairment in our case was
greater than those of the subjects in other studies,4,7–9,14

lending support to the suggestion of Taub and Morris11

that CIMT may be of some benefit for people who have
had a stroke and have relatively severe motor impair-
ment. Although our patient showed improvements in
MAL, WMFT, ARAT, and FMA scores after intervention,
these findings did not suggest that the combined pro-
gram restored motor ability to prestroke level. It was not
clear how increases in scores on any of these measures
translate to real-world functional abilities. Further con-
trolled study with more subjects and a longer period of
observation would help to address this question.

A traditional CIMT protocol can be difficult and frus-
trating. The intensity of the practice schedule and the
duration of the restraint schedule in CIMT could make

Table 4.
Action Research Arm Test (ARAT) Scoresa

Total
ARAT Grasp Grip Pinch

Gross
Motor

Baselineb 13 6 0 0 7
Posttreatment at week 4 29 9 3 10 7
3-mo follow-up 31 10 4 10 7
6-mo follow-up 43 8 10 18 7

a The ARAT is a functional assessment of upper-extremity strength, dexterity, and coordination. The
ARAT includes 19 items divided into 4 subscales: grasp, grip, pinch, and gross movement. The
performance of each motor task is rated on a 4-point ordinal scale, ranging from 0 (no movement
possible) to 3 (movement performed normally). Scores on individual items are added, with a maximum
score per arm of 57.
b The ARAT was administered 2 times, 1 week apart, before intervention. Baseline measurements are
displayed as an average of the 2 measurements.

Table 5.
Fugl-Meyer Assessment of Motor Recovery (FMA) Scoresa

UE Motor
Score (0–66)

Comprehensive
Score (0–126)

Baselineb 23 66
Posttreatment at week 4 29 78
3-mo follow-up 26 76
6-mo follow-up 26 75

a Higher scores represent better function. The Comprehensive score is a
combination of the Upper Extremity, Sensation, Joint Range of Motion, and
Pain scale scores.
b The FMA was administered 2 times, 1 week apart, before intervention.
Baseline measurements are displayed as an average of the 2 measurements.
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patient adherence and motivation, as well as the ability
to engage in 6 hours training, problematic. Schaumburg
et al55 reported only 32% adherence to the CIMT
restriction schedule. A recent survey administered to
patients who have had a stroke and therapists showed
that most patients with stroke would not want to partic-
ipate in CIMT, but would prefer a therapy protocol
lasting for more weeks with shorter activity sessions or
fewer hours of wearing the restrictive devices.56 We
preferred a less-intense modified CIMT program
because considerable evidence suggested that various
practice schedules emphasizing repeated limb use could
elicit cortical reorganization and subsequent functional
improvement.57–60 In addition, the persistent program
beyond the 4 weeks at home is a novel component and
may be an important element as alternative means of
CIMT delivery are explored. A patient who is adherent
and self-directed may be able to work more indepen-
dently or with family support. Although the patient
demonstrated gains according to the assessment tools, at
the 6-month follow-up visit, he said that wearing restraint
did influence his cosmesis, affective state, and self-
esteem. His motivation diminished over time, and he
grew tired of wearing the restraint.

Conclusion
This is the first case report that describes the application
of a combined program of BtxA and modified CIMT in
an individual who had upper-extremity spasticity and
only minimal volitional extension movement in his wrist
and fingers 4 years after his stroke. His test scores
improved immediately following the 4-week program
and these increased scores were maintained at the
6-month follow-up.

This case report was meant to serve as a baseline
descriptive effort of combined BtxA and modified CIMT
for a patient with stroke and disabling upper-extremity
spasticity. The results of this case were promising
enough to justify further clinical studies. Additional
studies with a larger sample size and a longer follow-up
period would help to determine whether this combina-
tion would provide long-term and clinically significant
benefits compared with traditional therapies for patients
with spasticity. The cost/benefit ratio also should be
addressed. Further research combining BtxA with other
intense therapies, electrical stimulation, cycle training,
or other motor recovery therapy is warranted to ascer-
tain the optimal interventions for patients with chronic
upper-limb spasticity and limited motor ability.
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Appendix 1.
Motor Activity Log Rating Scalea

Amount Scale
0—Did not use weaker arm (never).
1—Occasionally used weaker arm, but only very rarely (very rarely).
2—Sometimes used weaker arm but did the activity most of the time with

stronger arm (rarely).
3—Used weaker arm about half as much as before the stroke (half

prestroke).
4—Used weaker arm almost as much as before the stroke (3⁄4 pre-

stroke).
5—Used weaker arm as often as before the stroke (same as prestroke).

How Well Scale
0—The weaker arm was not used at all for that activity (never).
1—The weaker arm was moved during that activity but was not helpful

(very poor).
2—The weaker arm was of some use during that activity but needed

some help from the stronger arm or moved very slowly or with
difficulty (poor).

3—The weaker arm was used for the purpose indicated, but movements
were slow or were made with only some effort (fair).

4—The movements made by the weaker arm were almost normal but
not quite as fast or accurate as normal (almost normal).

5—The ability to use the weaker arm for that activity was as good as
before the stroke (normal).

a Reprinted with permission of Williams & Wilkins from: Uswatte G, Taub E,
Morris D, et al. Reliability and validity of the Upper-Extremity Motor Activity
Log-14 for measuring real-world arm use. Stroke. 2005;36:2493–2496. Available
online at: http://www.strokeaha.org.

Appendix 2.
Wolf Motor Function Test Functional Ability Scalea

0 Does not attempt with involved arm.
1 Involved arm does not participate functionally; however, an attempt

is made to use the arm. In unilateral tasks, the uninvolved extremity
may be used to move the involved extremity.

2 Arm does participate, but requires assistance of uninvolved extrem-
ity for minor readjustments or change of position, or requires more
than 2 attempts to complete, or accomplishes very slowly. In bilateral
tasks, the involved extremity may serve only as a helper or stabilizer.

3 Arm does participate, but movement is influenced to some degree by
synergy or is performed slowly and/or with effort.

4 Arm does participate; movement is close to normal, but slightly
slower; may lack precision, fine coordination or fluidity.

5 Arm does participate; movement appears to be normal.
a Reprinted with permission of American Congress of Rehabilitation and Medi-
cine and The American Academy of Physical Medicine and Rehabilitation from:
Morris DM, Uswatte G, Crago JE, et al. The reliability of the Wolf Motor Function
Test for assessing upper extremity function after stroke. Arch Phys Med Rehabil.
2001;82:750–755.

Appendix 3.
Questionnaire on Constraint-Induced Movement Therapy (CIMT)
Please reply to the questionnaire about CIMT
1. Was the program beneficial?
2. Did you make any improvement with affected arm?
3. Did you try and use your affected arm more?
4. Did the program increase your awareness of need/benefits of trying

to use your affected arm?
5. Other comments:
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