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Abstract

Background and objective. Botulinum toxin type A (BtxA) injection and modified constraint-induced movement therapy (mCIMT)
are both promising approaches to enhance recovery after stroke. The combined application of these 2 promising modalities
has rarely been studied. The aim was to investigate whether combined BtxA and mCIMT would improve spasticity and upper
extremity motor function more than BtxA plus conventional rehabilitation in chronic stroke patients with upper extremity
spasticity. Methods. In a prospective, randomized controlled, observer-blinded trial with 6-month follow-up, 32 patients (=1 year
after stroke) with ability to actively extend >10° at metacarpophalangeal and interphalangeal joints and 20° at wrist of the
affected upper limb were randomized to receive BtxA + mCIMT (combination group) or BtxA + conventional rehabilitation
(control group) for 2 hours/day, 3 days/week for 3 months.The primary outcome assessed spasticity on the Modified Ashworth
Scale. Secondary outcomes assessed real-world arm function (Motor Activity Log), laboratory motor activity (Action Research
Arm Test), and patients’ global satisfaction. Results. A total of 32 stroke patients were recruited, and 29 completed the study.
Spasticity significantly improved in all subjects at 4 weeks and 3 months postinjection without between-group differences.The
combination group showed significantly greater improvements in elbow, wrist, and finger spasticity (P = .019, P = .019, and
P < .001, respectively), affected upper extremity real-world arm function (P < .001) and laboratory motor activity (P < .001I)
than the control group at 6-month postinjection. Patients reported considerable satisfaction and no serious adverse events
occurred. Conclusions. Combining BtxA and mCIMT is an effective and safe intervention for improving spasticity and motor
function in chronic stroke patients.The results are promising enough to justify further studies.VWe recommend future research
to address the likely need for including rehabilitation with BtxA to improve function in patients with poststroke spasticity.
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Introduction by Page et al® described that modified constraint-induced move-
ment therapy (mCIMT) and BtxA administered consecutively
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to the same stroke patient resulted in even greater function
of the affected upper extremity. The authors raised the idea
of increasing treatment efficacy by combining these 2
modalities.

Constraint-induced movement therapy (CIMT) and
mCIMT are rehabilitative strategies used primarily with the
poststroke population to increase the functional use of the
affected upper extremity.g'16 Only approximately 20% to 25%
of stroke survivors who meet minimal motor criteria could
benefit from CIMT and most CIMT research excluded
patients with significant spasticity.9’14'16 Besides, very few
studies have addressed patients’ subjective satisfaction after
completing the study protocols.

BtxA injection and mCIMT are both promising approaches
to enhance recovery after stroke. However, the combined
application of the 2 modalities has rarely been studied. To
date, only a single case report has addressed this issue."’
Theoretically, application of a mCIMT program with inten-
sive functional tasks practice after spasticity reduction by
BtxA may improve affected upper extremity function for
patients with poststroke spasticity. The aim was to investigate
whether combined BtxA and mCIMT would produce greater
improvements in spasticity and upper extremity function than
BtxA plus conventional rehabilitation in chronic stroke patients
with upper extremity spasticity. Patients’ self-reported satis-
faction after treatment was also recorded.

Methods
Subjects

Between February 2005 and November 2007, volunteers
were recruited through advertisements placed in a rehabilita-
tion department of a university-affiliated tertiary care medical
center. A research team member screened volunteers using the
following inclusion criteria: (a) age 18 to 80 years; (b) at least
1 year after a unilateral stroke; (c¢) Modified Ashworth Scale
(MAS) score =3 in the elbow, wrist, or finger ﬂexorslg; and
(d) ability to actively extend >10° at metacarpophalangeal
and interphalangeal joints and 20° at wrist of the affected
upper limb (minimal motor criteria).

Exclusion criteria included presence of fixed contractures,
serious balance problems, preexisting neuromuscular dis-
eases or uncontrolled medical conditions, significant cognitive
deficits (Mini-Mental Status Examination score <24)," previ-
ous treatment with BtxA, neurolytic agents, or surgery for
spasticity. All patients were not currently participating in any
experimental studies and did not receive concomitant oral
antispastic medication during the study period.

Using the above inclusion/exclusion criteria, 46 volunteers
were screened. A total of 14 subjects were excluded as 10
subjects did not meet inclusion criteria and 4 met the exclu-
sion criteria. Overall, 32 patients met all eligibility criteria.
The study protocol was approved by the institutional review
board and each participant signed a written informed consent.

Once consent and baseline assessments were completed,
patients were randomized to either the combination group or
the control group using block randomization in groups of four
by a study assistant who did not participate in subjects’ evalu-
ation or treatment.

Botulinum Toxin and Injection Technique

BtxA (Dysport; Ipsen Ltd, Berkshire, UK), supplied as vac-
uum-dried powder in a 500-unit vial, was reconstituted with
2.5 mL sterile normal saline (0.9%) to obtain a concentration
of 200 units/mL. The total dosage injected per affected upper
extremity was 1000 units. Muscles chosen for injection were
based on previous experience with BtxA in upper limb spas-
ticity.” A total of 400 units were injected into the muscle belly
of biceps brachii at 2 sites (each site for 200 units), 150 units
into each of the flexor digitorum superficialis, flexor digito-
rum profundus, flexor carpi ulnaris, and flexor carpi radialis
at 1 site per muscle. The injections were done by the same
physician and were placed in the motor endplate zone using
anatomical landmarks as in routine electromyography.

Rehabilitation Interventions

The 2 different rehabilitation regimes were started 1 day
after BtxA injection. Intervention was provided by a licensed
physiotherapist and an experienced occupational therapist.
To prevent unintended crossover, all patients were arranged to
receive therapy at different times without opportunities to
observe each other.

The training approaches implemented in the combination
group included massed practice, shaping, a behavioral contract
and a daily treatment diary. Massed practice involved intensive
training of the affected upper extremity for 2 h/d, 3 d/wk, while
restraining the nonaffected upper extremity with soft mitt for at
least 5 h/d of their waking hours for 3 months. Shaping involved
individualized task selection, graduated tasks difficulty and
complexity, positive verbal feedback, and physical assisting
with movements.” A behavioral contract detailed what activi-
ties would be done with the restraint on and when the restraint
should be removed for potentially unsafe situations. The daily
treatment diary assisted with ongoing evaluation of program
adherence. The patients were strongly encouraged to continue
using their weaker upper extremities during activities through-
out the day and while at home.

The control group received conventional rehabilitation
consisting of a 1-hour session of physiotherapy and 1-hour
session of occupational therapy, 3 d/wk for 3 months. Therapy
was based on neurodevelopmental techniques, focusing on
normalizing tone and movement patterns and inhibition of
abnormal tone and movement patterns. Restoration of stance,
gait, dexterity, and stamina training exercises were primary
targets. Upper limb exercises took approximately 40% of
therapy time, mostly devoted to tone-inhibiting maneuvers
and improving proximal muscle control.
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Outcome Measures

The primary outcome measure was the MAS. The secondary
outcome measures included real-world arm function (Motor
Activity Log or MAL) and laboratory motor activity (Action
Research Arm Test or ARAT). The assessment was conducted
by an experienced investigator blinded to randomization.

1. The MAS is a 6-point ordinal scale commonly used
in the measurement of spasticity severity and
ranges from 0 (no spasticity) to 4 (affected part
rigid in flexion or extension).'”® A supplementary
level “1+” between scores “1”” and “2” was allowed.
For statistical purposes, MAS score “1” was con-
sidered as 1, MAS score “1+” as 2, and so on until
5 in this study. MAS has been shown to be reliable
in the assessment of upper limb spasticity.20

2. The MAL is a valid and reliable scale of arm use
and movement quality in real-world settings.”"** It
includes a 6-point amount of use (AOU) scale and
a 6-point quality of movement (QOM) scale to rate
how much and how well patients are using their
affected arms for common daily tasks.?"**

3. The ARAT is a functional assessment of upper
extremity strength, dexterity, and coordination.” It
includes 19 items focusing on grasping objects of
different shapes and sizes, and gross movement in
the vertical and horizontal planes. The performance
of each task is rated on a 4-point scale, ranging
from 0 (no movement possible) to 3 (movement
performed normally). The maximum sum score is
57. The ARAT has high intrarater (» = .99) and
test—retest (+ = .98) reliability and validity.**

MAS and ARAT were evaluated before BtxA injection, at
4 weeks, 3 months, and 6 months postinjection. MAL was
evaluated before injection, at 3 months, and 6 months
postinjection. Two baseline ARAT assessments were performed
4 weeks apart, with the second assessment done just before
BtxA injection. Baseline ARAT scores on 2 occasions were
averaged for subsequent analyses.

Patients were asked to rate the level of global satisfaction
resulting from the treatment on a 7-point categorical scale
weighted from completely satisfied to completely dissatisfied
at 3 months and 6 months postinjection. The safety of the
treatment was assessed by recording the reported adverse
events at each assessment visit.

Statistical Analysis

The sample size was calculated to give 90% power (o = .05,
2-tailed test) to detect a difference between the groups in
posttreatment MAS scores of 21, assuming the standard devi-
ation of the posttreatment scores was <0.9. A total of 15
patients in each group would tend to reach the power.

Assessed for eligibility (n = 46)

Enroliment Excluded (n = 14)

Not meeting inclusion criteria (n =10)
Meeting exclusion criteria (n = 4)

Randomized (n= 32)

The control group (n = 16)
Botulinum toxin type A and conventional
rehabilitation

The combination group (n = 16)
Botulinum toxin type A and modified
constraint-induced movement therapy

Allocation

|| 2 dropped out after baseline
assessment:
1 because of transportation
problems; 1 because of traffic
accident

1 dropped out after 2|
training sessions:
Because of moving to
another city

14 completed treatment

15 ‘ Analysis ‘
and follow-up

tr
and follow-up

Figure 1. Flow diagram of participants through the trial.

Anticipating a dropout rate of 5% to 10%, we then increased
the decided sample size to 16 patients in each group.

All statistical procedures were conducted with the
Statistical Package for the Social Sciences (version 12.0;
SPSS Inc, Chicago, IL). The data are presented as mean *
standard deviation, median value, or percentage in the text
and figures. Baseline characteristics were compared using
Mann-Whitney U tests, % tests or Fisher exact tests. Within-
group changes from baseline in MAS, MAL, and ARAT were
analyzed using the Wilcoxon signed rank tests at all follow-up
visits. Between-group comparisons were performed using the
Mann—Whitney U tests. P values <.05 were regarded as sta-
tistically significant.

Results

Of the 32 patients eligible for the study, 3 were excluded
because they failed to complete the protocol. In all, 29 patients
completed the study and were included in the analysis (Figure 1).
The 2 groups were comparable at baseline with respect to
their demographic data and clinical features (Table 1). Tables 2,
3, and 4 show the mean changes from baseline in the outcome
scores at each following visit.

All patients demonstrated significant improvement in
spasticity at 4 weeks and 3 months postinjection, without
between-group differences (Tables 2 and 3). The median of
MAS scores change of elbow, wrist, and finger flexors at
4-week and 3-month follow-up was —2 in all cases, except
that the median of elbow MAS scores change was —1.5
in the control group at 3-month follow-up. At 6 months
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Table 1. Demographic and Clinical Features of Study Patients®

Combination Control
Group Group
Characteristic (n=15) (n=14)
Age (years) 58.7+9.9 61.5+94
Female, n (%) 3 (20.0) 2(21.4)
Diagnosis of infarction, n (%) 12 (80.0) I'1(78.6)
Paresis of right side, n (%) Il (73.3) 9 (64.3)
Paresis of dominant side, n (%) I'1(73.3) 9 (64.3)
Body mass index (kg/m?) 26.3 + 4.1 272+ 40
Years since first stroke 29+15 29+1.3
MAS
Elbow 32+04 32+04
Wrist 28+ 1.0 3.0+08
Finger 32+038 32+04
MAL
AOU scale 0.6+0.6 0.6 +0.4
QOM scale 09+0.6 0.8+0.5
ARAT 321 £12.7 290+ 14.1

Abbreviations: MAS, Modified Ashworth Scale (score range: 0-5); MAL,
Motor Activity Log; AOU scale, amount of use scale (score range: 0-5);
QOM scale, Quality of Movement Scale (score range: 0-5; higher scores
representing better function); ARAT, Action Research Arm Test (score
range: 0-57; higher scores representing better function).

*Values are mean = standard deviation or percentage. None of the
between-group differences were significant.

postinjection, there remained significant spasticity reduction
from baseline in the elbow, wrist, and finger flexors in the
combination group (P =.004, P=.003, and P < .001, respec-
tively), with the median MAS scores change equal to —1 in all
upper extremity flexors (Table 2). However, the benefit per-
sisted only in the wrist flexors in the control group (P =.014),
with the median MAS scores change equal to 0 (Table 3).
Between-group comparisons showed a significant improve-
ment in spasticity for the combination group in elbow, wrist,
and finger flexors at 6 months postinjection (P = .019, P =
.019, and P < .001, respectively; Table 2). It is noteworthy
that most patients in the combination group demonstrated
improvement in spasticity and that no patients worsened
throughout the study period.

The combination group reported significantly larger
improvements in the AOU scores than the control group at 3
months (1.1 £0.5vs 0.1 £0.2; P<.001) and 6 months (1.2 &+
0.5 vs 0.1 £ 0.2; P < .001) postinjection (Table 4). On the
QOM scale, the combination group also reported larger
improvements than the control group at 3 months (0.9 £ 0.6
vs 0.3 £0.2; P=.007) and 6 months (1.0 £ 0.5 vs 0.1 £ 0.1;
P < .001) postinjection. Both subscale scores of the MAL
appeared to increase in the combination group at the 6-month
follow-up, which suggested that patients did increase use of
their affected limbs for daily activities.

Baseline ARAT scores on 2 occasions remained consistent
in all patients, which suggested that they were exhibiting
stable motor deficits. Both groups improved on the ARAT

scores at 4-week postinjection without between-group differ-
ences (Table 4). The combination group displayed greater
improvements on the ARAT scores than the control group,
with significant between-group differences at 3 months (7.3 +
5.0vs 3.1 £2.6; P=.012) and 6 months (7.9 £52vs 1.2 £
1.7; P <.001) postinjection (Table 4).

Patient satisfaction is a fundamental goal in the treatment
of stroke patients and it reflects the summation of all factors
relating to successful clinical treatment. Results of patients’
global satisfaction are shown in Table 5. Most patients were
satisfied with the treatment. The combination group reported
high subjective satisfaction at 3 months and 6 months post-
injection (satisfaction rates = 93.3% and 86.7%, respectively).
Although a decline in satisfaction was observed in both
groups at 6 months postinjection, no patients reported dissat-
isfaction or aggravations of the upper limbs function
throughout the study period.

The treatment was well tolerated by all patients. Local
adverse events with mild transient pain at injection site were
reported in 2 patients in each group. No upper extremity
weakness or any incapacitating adverse events were reported.

To understand which factors may help to predict better
MAS score change in the combination group, we compared
the score changes by age, gender, education, side of stroke,
stroke type (infarction or hemorrhage), disease duration,
baseline AOU, QOM, and ARAT scores. A proportional test
(P-test via binomial distribution) was used to test whether the
proportions are different with different covariates. We found
that none of these factors showed significant influence on
MAS score change.

Discussion

To our knowledge, this is the first randomized controlled
study investigating the treatment effects of combined BtxA
and mCIMT for individuals with poststroke spasticity. The
study demonstrated that combining BtxA and mCIMT was
more superior to BtxA plus conventional rehabilitation in
improving muscle tone and upper extremity motor function in
chronic stroke patients with significant upper extremity spas-
ticity. These effects persisted for at least 6 months. Patients
reported considerable subjective satisfaction and no serious
adverse events occurred.

These improvements of test scores in the combination
group could 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 repeti-
tive training, a change in learned nonuse behaviors, or
use-dependent cortical changes after the combination of BtxA
and mCIMT.

The primary outcome was evaluated with the MAS. A
change of 1 point on the MAS is considered to be clinically
significant.*> We observed a clinically and statistically sig-
nificant reduction in MAS scores at 4 weeks and 3 months
postinjection in both groups. The results were consistent with
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Table 2. Mean Change From Baseline in the Modified Ashworth Scale® (MAS) Scores in the Combination Group®

MAS Change (Elbow) MAS Change (Wrist) MAS Change (Finger)

Patient Baseline 4Weeks 3 Months 6 Months Baseline 4Weeks 3 Months 6 Months Baseline 4Weeks 3 Months 6 Months

Al 3 -2 -2 -2 3 -2 -2 -2 3 -2 -2 -l
A2 4 —I —I —I 4 -2 -2 —I 4 -3 -2 —I
A3 4 -1 —I —I 4 —I -1 —I 4 -2 -2 —I
A4 3 -2 -2 -2 3 -3 -3 -2 4 -3 -3 —I
A5 3 -2 -2 0 3 -2 -2 -2 4 -3 -3 —I
Ab 3 -2 -2 -2 3 -2 -2 -2 2 -2 =l =
A7 3 -2 -2 0 3 -2 -2 -2 4 -3 -3 -2
A8 3 -2 -2 -2 | -l 0 0 2 - —I -1
A9 4 -3 -2 —I 3 -2 —I —I 3 -3 -2 —I
AlO 3 -2 -2 -2 I —I —I 0 3 -2 -2 -2
All 3 -2 -2 -2 I =l =l 0 2 -2 -2 =l
Al2 3 -2 -2 0 4 -3 -3 -1 4 -2 -2 —I
Al3 3 -3 -2 0 3 -2 -2 -2 3 -2 -2 -2
Al4 3 -2 -2 -2 3 —I —I -1 3 -3 -3 -2
Al5 3 -2 -1 0 3 —I -2 0 3 -2 —I —I
32+ -20+ -18%x —l.I+ 28%x10 -1.7& -l7+ -1+ 32+08 -23+ 21+ -13%

04(3) 05°(=2) 04°(-2) 09% (=) (3) 07%(-2) 08°(-2) 0.8 (-1) (3) 0.6°(-2) 0.7°(-2) 0.5 (-I)

*MAS score range: 0 to 5.

®Values are mean + standard deviation with medians in parentheses.
“Within group: P < .001 when compared with baseline values.
Within group: P < .05 when compared with baseline values.
“Between groups: P < .05 when compared with the control group.
‘Between groups: P < .001 when compared with the control group.

Table 3. Mean Change From Baseline in the Modified Ashworth Scale® (MAS) Scores in the Control Group®

MAS Change (Elbow) MAS Change (Wrist) MAS Change (Finger)

Patient  Baseline 4Weeks 3 Months 6 Months Baseline 4Weeks 3 Months 6 Months Baseline 4Weeks 3 Months 6 Months

Bl 3 -2 0 0 3 -3 -2 0 3 -2 -2 0
B2 3 -2 -2 -2 3 -3 -2 0 3 -3 -2 0
B3 4 -2 -3 0 3 -2 -2 0 4 -3 -3 0
B4 3 -1 -1 0 3 -l -2 -1 3 -2 -2 0
B5 3 -2 -1 0 | —I 0 0 3 —I —I —I
Bé6 4 -2 -2 —I 4 —I -1 -1 4 -3 -1 0
B7 3 -2 -2 0 4 —I -3 -1 3 -2 0 0
B8 4 -2 —I 0 4 -3 -3 0 4 -3 —I 0
B9 3 -2 0 0 3 -2 - 0 3 -2 =l 0
BI10 3 -2 -2 -1 3 -2 -2 -1 3 -3 -2 0
Bll 3 -2 -2 0 2 -2 -1 -1 3 -2 -2 0
BI12 3 -2 -1 —I 3 -2 -2 0 3 -2 -2 0
BI3 3 -2 -2 0 3 -2 -2 —I 3 -3 -2 0
Bl4 3 -2 —I 0 3 —I —I 0 3 -2 -2 0
32+ -9+ -14+ 04z 30 -19+ -17+ -04z% 32+ 24+ -l6x -01z%

04() 03°(2) 09°(-1.5 06(0) 08(3) 08'(-2) 08'(-2) 05°0) 04(3) 06%(2) 07°(=2) 03(0)

*MAS score range: 0 to 5.

®Values are mean * standard deviation with medians in parentheses.
“Within group: P < .001 when compared with baseline values.
dWithin group: P < .05 when compared with baseline values.
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Table 4. Mean Change From Baseline in the MAL and ARAT Scores®

Combination Group (n = 15)

Control Group (n = 14)

Scale Visit
MAL, AOU scale 3 Months
6 Months
MAL, QOM scale 3 Months
6 Months
ARAT 4 Weeks
3 Months
6 Months

|.|J_ro.5(|.|):~c 0.1 £0.2 (0.1)¢
1.2+0.5 (1.3)> 0.1 £0.2 (0.0)
0.9 £ 0.6 (0.9)°* 0.3+0.2(0.3)°
1.0 +0.5 (1.0)>¢ 0.1 £0.1 (0.1)¢
3.9+3.9(3.0)° 2.1 £2.1 (1.5)¢
7.3 £5.0 (6.0)°¢ 3.1 +£26 (20"
7.9+ 5.2 (6.0)°° 12+ 1.7 (1.0)°

Abbreviations: MAL, Motor Activity Log; AOU scale, Amount of Use scale (score range: 0-5); QOM scale, Quality of Movement scale (score range: 0-5);

ARAT, Action Research Arm Test (score range: 0-57).

*Values are mean * standard deviation with medians in parentheses.
PWithin group: P < .001 when compared with baseline values.
“Between groups: P < .001 when compared with the control group.
Within group: P < 0.05 when compared with baseline values.
“Between groups: P < 0.05 when compared with the control group.

Table 5. Patients’ Global Satisfaction®

Group Visit Completely Satisfied Satisfied Somewhat Satisfied No Change Satisfaction Rate (%)
Combination group 3 Months 7 4 3 | 933

6 Months 5 5 3 2 86.7
Control group 3 Months 3 5 3 3 78.6

6 Months 2 2 5 5 64.3

*Numbers refer to number of patients who reported their level of global satisfaction with regard to the treatment when comparing the situation with that
before the treatment. No patients reported dissatisfaction throughout the study period.

previous reports of BtxA on spasticity reduction.”* Week 4
was chosen as the optimal time for the first outcome assess-
ment time because of the clinical effect of BtxA peaked
around this period.?® Similarly, the timing of the subsequent
assessments at 3 months was determined by the pharmaco-
dynamic properties of BtxA because neurotransmission was
restored in approximately 3 months by a process of neuronal
sprouting.”” Some authors recently showed that the contrac-
tile activity of the injected muscles might enhance the BtxA
effect.”®? In this study, patients in the combination group
continued using their injected upper extremities as much as
possible, thus increased the overall contractile activity of the
affected upper extremity and possibly produced greater reduc-
tion in spasticity and prolonged the BtxA effect duration to at
least 6 months.

Before the intervention, all patients reported only occa-
sional use of their affected upper extremities for daily
activities, as reflected by the MAL, and substantial compro-
mises in impairment and function, as measured by the MAS
and ARAT, respectively. With the restraint on and the inten-
sive training directed toward their affected upper extremities,
patients in the combination group reported considerably
larger improvements in the use and function of their affected
upper extremities than those in the control group. This was
evidenced by the MAL scores as well as through clinical
observation. These findings were consistent with previous

studies showing that MAL scores increased after a CIMT or
mCIMT program.”'15 It was appropriate to speculate that
motivation and repeated task-specific practice through
mCIMT might overcome a learned nonuse behavior. Without
intensive task-specific training programs as adjunct therapy,
improvements after BtxA injection might be short-lasting.
This might account for the transient improvement in spastic-
ity and the smaller improvement on ARAT in the control
group. The limited improvement in the control group sug-
gested that traditional neurorehabilitation have limited
effectiveness in promoting motor recovery.

The motor changes in this study were not as sizable as
those seen in previous mCIMT studies. One mCIMT study of
patients (<14 days poststroke) receiving training for 10 weeks
(3 d/wk) showed a mean improvement of +21.7 points on the
ARAT.'® Another study for chronic stroke patients (>1 year
poststroke) showed improvement of +11.4 on the ARAT after
participating in 10-week mCIMT program.” In our study,
patients in the combination group showed a mean improve-
ment of +7.9 points on the ARAT. It was important to note
that our patients had relatively more severe motor impairment
with significant upper extremity spasticity. We demonstrated
that the treatment effects of mCIMT might be achieved during
the period of chemodenervation provided by BtxA. The
results were encouraging and this probably would expand the
applicability of CIMT, as previous protocols often restrict
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enrollment to stroke patients with established spasticity.”‘16

All patients entered this study at least 1 year after stroke, thus
a contribution of spontaneous recovery was not likely. Data
from our cases further refuted the notion that stroke patients
could only exhibit gains up to 1 year poststroke. ™

Although patients in this study showed improvement in
MAS, MAL, and ARAT scores, it was not clear how increases
in scores on any of these measures translate to real-world
functional abilities. Whether such effects reflected cortical
reorganization remains uncertain. Currently, it is unknown
whether user-dependent cortical reorganization can occur in
chronic patients with significant spasticity. Further research
exploring central nervous system changes that accompany the
observed motor gains is warranted.

After commencement of our present study, the report of
Levy et al’' appeared and the 2 sets of results support a simi-
lar conclusion. Levy et al reported in a preliminary study that
BtxA plus exercise therapy showed potential to improve func-
tion for stroke patients with severe hand paresis and spasticity.
Two of their patients who were unable to meet minimal motor
criteria initially improved to meet the criteria and achieved
further gains through CIMT. Our study with a larger sample
size also supports the concept that improvement in hand func-
tion through BtxA and CIMT may be possible for stroke
patients with upper extremity spasticity. The main difference
of our study from that of Levy et al’' was that we recruited
patients who both met the minimal motor criteria and had sig-
nificant spasticity, whereas Levy et al recruited poststroke
spastic individuals unable to meet the minimal motor criteria.
The modest successes of both studies suggest that a combina-
tion of BtxA and therapeutic approaches show promise in the
treatment of poststroke hand paresis. However, the optimal
combination awaits further investigation. Future research is
needed to address the likely need for including rehabilitation
with BtxA to improve function in patients with poststroke
spasticity.

Several limitations existed in our study. First, we used a
standard fixed-dosage BtxA regimen for all patients. An indi-
vidualized approach based on the distribution of spasticity
and the needs of the individual patient may optimize func-
tional gains. Second, we did not administer objective measures
of affected limb use such as activity monitors. Activities that
could cause increases in upper limb spasticity during training
need to be explored further. Third, because the sample size
was relatively small, the specific characteristics of patients
who would benefit most from this treatment were not found.
Additional studies with larger sample size and longer follow-
up period would be necessary to help to find predict factors
for good response and determine the long-term effects of the
combination therapy. The potential functional gains that may
be acquired through earlier use of BtxA require further stud-
ies. The correlation between motor function changes and
patients’ satisfaction, the cost/benefit ratio, and quality-of-life
perspective need careful consideration. Comparison studies
with other potential therapeutic combinations, such as BtxA

and electrical stimulation, are needed to determine the opti-
mal treatment for patients with spasticity and limited motor
ability.

Conclusion

On the basis of this prospective, randomized, controlled clini-
cal trial, we concluded that combined BtxA and mCIMT
produced significantly greater improvements in spasticity and
upper extremity motor function than BtxA plus conventional
rehabilitation in chronic stroke patients with upper extremity
spasticity. The benefits could last for up to 6 months. The
combined therapy resulted in high patients’ satisfaction with
no serious adverse events. The results provide support for
introducing this promising combination into clinical
practice.
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