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Abstract
The aim was to investigate if botulinum

toxin type A (BTx-A) associated with phys-
ical therapy is superior to physical therapy
alone in post stroke spasticity. A random-
ized, double-blinded controlled trial was
performed in a rehabilitation unit on
Northeastern, Brazil. Patients with post
stroke spasticity were enrolled either to
BTx-A injections and a pre-defined pro-
gram of physical therapy or saline injec-
tions plus physical therapy. Primary end-
point was functional performance evaluated
through time up and go test, six minutes
walking test and Fugl-Meyer scale for
upper limb. Secondary endpoint was spas-
ticity improvement. Confidence interval
was considered at 95%. Although there was
a significant decrease in upper limbs flexor
tonus (P<0.05) in the BTx-A group, there
was no difference regarding functional per-
formance after 9 months of treatment.
When analyzing gait speed and perform-
ance, both groups showed a significant
improvement in the third month of treat-
ment, however it was not sustained over
time. Although BTx-A shows superiority to
improve muscle tone, physical therapy is
the cornerstone to improve function in the
upper limbs of post stroke patients.

Introduction
Stroke is the major cause of permanent

and temporary functional incapacity world-
wide among adults, affecting limb strength,
motor control, balance and mobility.1
Spasticity is characterized by an increase in
tonic stretch reflex movement velocity
dependent and post-stroke spasticity is fre-
quently associated with poor functional per-
formance due to abnormal postural patterns,

leading to retractions, atrophy, selective
movement control loss, limb weakness,
fibrosis and structured contractions.2
Moreover, impairment in activities of daily
living (ADL) such as feeding, locomotion,
proper hygiene and sleeping habits results
in poor quality of life (QOL) and increased
burden to relatives and caregivers.3

Several trials support the efficacy and
safety of botulinum toxin type A (BTx-A)
on spasticity treatment, reducing muscle
permanent contraction and abnormal pos-
tural patterns, therefore, favoring rehabilita-
tion process.4 Physical therapy has been
described to be effective in post-stroke
spastic patients through prevention of sec-
ondary incapacities and promoting behav-
ioral reeducation, based on biomechanical
and neurophysiological patterns. These
techniques include physical exercises that
focus on functional rehabilitation, reduction
of limb spasticity, muscle strength improve-
ment and sustained joint movement ampli-
tude, besides proprioceptive and sensorial
stimuli.5

Several trials with BTx-A show func-
tional improvement in post-stroke spastic
patients when compared to placebo, howev-
er, none have studied the impact of physical
therapy alone.4

The aim of this trial was to investigate if
BTx-A treatment associated with physical
therapy is superior to physical therapy alone
on functional performance in post-stroke
spastic patients.

Materials and Methods

Population
A randomized, double-blinded, place-

bo-controlled trial was conducted with post-
stroke subjects attending a neurorehabilita-
tion unit at an University Hospital in
Northeastern, Brazil, between August 2009
and September 2012. 

Inclusion criteria were defined diagno-
sis of post-stroke spasticity, age between
50-70 years-old, being in a regular program
of physical therapy, at least one-year and no
more than five-year history between the
vascular event and study inclusion. Subjects
who presented with conditions that
impaired research procedures such as
uncontrolled hypertension, structured joint
contractions, prior BTx-A treatment in the
last six months, regular use of medications
to spasticity, renal or hepatic chronic dis-
eases, hematological disorders, and preg-
nant or breast-feeding women were exclud-
ed (Figure 1). 

Randomization
Eligible subjects were allocated into

two intervention groups through a random-
ized block system (blocks of ten) with cod-
ified numbers drawn from an opaque enve-
lope. The files that identified the group allo-
cation were archived and investigators and
patients remained blinded during all study
procedures. 

Study procedures
All patients were oriented previously

about study procedures and evaluated by a
specialized physical therapist. In the first
room, socio-demographic questionnaires
were applied, and tonus was evaluated with
the modified Ashworth scale (MAS). All
physical measures were performed with the
patient positioned in dorsal decubitus. 

Muscles selected to BTx-A injections
should present with a degree of hypertonia
equal or superior to two. 

In a second room, all patients were eval-
uated for their functional performance
through the time up and go test (TUG), six
minutes walking test and Fugl-Meyer scale
to upper limb, applied with the patient seat-
ed comfortably in a chair with backrest. The
TUG test measures the time spent to raise
from a chair, walk 3 meters, take a 180-
degree turn and come back to the chair with
a normal value of 10 seconds or less. The
six minutes walking test measures the dis-
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tance covered by the patient in this time
interval. 

In sequence, patients were placed in a
third room were BTx-A injections were
applied by a specialized neurologist on pre-
determined muscles. A nurse prepared
injections with their respective codes,
derived from randomization. Patients allo-
cated to intervention group received BTx-A
injections (Dysport ®-Ipsen) and the con-
trol group received injections prepared with
saline solution. Patients and injectors
remained blinded regarding the interven-
tion. Since the baseline evaluation all
patients were included in a pre-determined
protocol of physical exercises including
muscle strength, flexibility, endurance and
functional training. Sessions were sched-
uled twice a week, with an interval between
sessions of 24h. Each session lasted 30 min-
utes with one-minute break between each
activity involving physical effort. The first
five minutes of each session consisted of
flexibility activities with sustained stretch-
ing (15 seconds) and joint mobilization on
the affected limb, followed by muscle
strength training with concentric and eccen-
tric movements with progressive loads
depending on the patient performance in the
following 10 minutes. The final movements
consisted of gait and upper limb functional
training combined with endurance exercis-
es. These activities were performed in two
different days: trunk, upper limb and arm
functional training in the first day and
pelvis, lower limb and gait training in the
second day. The same instructor previously
trained all physical therapists before per-
forming study procedures.

Data were collected and placed in a
sealed envelope. Evaluations and injections
were performed at baseline, 3 and 6 months
from the first intervention, and a last evalu-
ation was performed within 9 months
(Figure 2). 

Outcomes 
Primary endpoint was functional per-

formance evaluated through TUG test, six
minutes walking test and Fugl-Meyer scale
for upper limb. Secondary endpoint was
spasticity improvement, and only a decrease
of at least one point in modified Ashworth
scale was considered as clinically relevant.

Ethics
All subjects included previously signed

an informed consent term and study proto-
col was approved by the local ethics com-
mittee under the number 064/2009 and CEP.
059/09. 

Statistical analysis
For descriptive analysis we used to cal-

culate frequencies for qualitative variables
and measures of central tendency and dis-
persion of quantitative variables. In relation
to the instruments of evaluation (Fugl-
Meyer, Time Up and Go, six minutes walk-
ing test) the scores obtained were compared
to the treatment follow-up time (baseline, 3
months, 6 months and 9 months). For this,
repeated measures ANOVA were per-

formed, and when necessary post-hoc test
with Fisher LSD. For analysis of muscle
tone, a non-parametric Friedman analysis
was performed. This statistical test was
used to compare the difference between the
degrees of spasticity in the pre-injection of
TB-A (baseline) and the follow-up time of
3-6-9 months. The level of significance
adopted was P<0.05.
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Figure 1. Recruitment process, randomization, allocation, follow-up and analysis regard-
ing the participants of the groups.

Figure 2. Changes during the follow-up time in the Total score Fugl-Meyer Scale.

*P≤0.5 for change from baseline. **P≤0.001 for change from baseline.
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Results
Initially forty patients were randomized

to btx-A and placebo groups, however, three
did not completed study procedures.
Demographic characteristics of the subjects
that completed study procedures are
described in Table 1. Baseline data and clin-
ical measures performed at each study visit
are presented in Table 2. 

Upper limb function evaluation
Upper limb motor function measured

through Fugl-Meyer scale showed a signifi-
cant increase after interventions that
remained consisted during trial length in
both groups, when analyzing the total score
(F3,102=17 P>0.001, ŋ2=0.33). A greater
improvement was seen after six months
from the first intervention (P<0.001). When
comparing groups, there was a low interac-
tion among them during the follow-up peri-
od (F3,102=2.7, P=0.046, ŋ2=0.07).

In both groups, we observed significant
improvement after six months of treatment
in the following Fugl-Meyer domains: glob-
al evaluation (F3,102=2.7, P=0.046,
ƞ2=0.07), wrist stability (F3,102=3.04
p>0.032, ƞ2=0.082), coordination and upper
limb speed (F3,102=8.19 P>0.001, ƞ2=0.19).
Regarding hand evaluation, there was not a
functional improvement after interventions.
The analysis of group interaction showed
significant difference between groups in
coordination and upper limb speed
(F3,102=5.21, P=0.002, ƞ2=0.13), with
improvement in the group that was submit-
ted only to physical therapy after the third
month of intervention (P=0.008).

The evaluation of muscle tonus through
the modified Ashworth scale revealed a sig-
nificant tonus decrease in elbow flexors
(X2= 8.312, P=0.040) and wrist flexors
(X2=7.839, P=0.049) in btx-A group.

Gait function evaluation
When analyzing function and gait

speed, we observed that in both tests, TUG
(F3,102=6,5, P>0.001, ƞ2=0,16) and six
minute walking test (F3,102= 13, 36,
P>0.001), there was a significant improve-
ment after the third month of interventions
in both groups (P=0.02). However, there
was not a difference between groups during
follow-up. 

Discussion
Our results suggest that there was an

improvement in both groups, with no better
results in the btx-A group for upper limb
and gait function evaluation. In addition,

physical therapy proved to be of greater
value when considering improvement of
upper limb functionality. 

When analyzing the domains of Fugl-
Meyer scale it was possible to demonstrate
in both groups improvement of the global
upper limb evaluation (category A), wrist
stability (category B), coordination and
speed (category D), six months after initial
intervention. Both groups were submitted to
a predetermined physical therapy protocol
and showed similar results during the trial,
with no superior performance in the btx-A
patients. These results are similar to those
observed by Meythaler et al.6

Takekawa et al. showed that the associ-
ation between btx-A and functional training
improved functional skills in categories A,
B and D of Fugl-Meyer scale from the third
month of intervention. However, they also
showed that coordination and movement
speed are linked to functional improvement
of other body segments, and that treatment
maintenance is essential to normal move-
ments regain.7

Wolf et al. suggested that btx-A injec-
tions combined with physical therapy in
post-stroke patients lead to similar improve-

ment of upper limb function when com-
pared to placebo and physical therapy.8
Meythaler et al. compared btx-A associated
with physical therapy and control groups,
also showing a little impact in upper limb
function when analyzing ADL. They
explained the results achieved to a specific
physical exercise program that involved
lower limbs segments muscles not depend-
ent on btx-A application.6

When analyzing paretic hand (category
C), there was no functional improvement
during trial protocol, regardless the alloca-
tion group. Wolf et al. showed that after a
long treatment with btx-A injections and
physical therapy there was a global
improvement in paretic hand function, how-
ever, no effects were found when analyzing
strength and physic function.8 In chronic
post-stroke patients, Takekawa et al.
demonstrated that after six months of treat-
ment with btx-A and muscle training, there
was no functional improvement in paretic
hands,7 reinforcing that functional exercises
to improve motor function in paretic hand
of post-stroke patients requires a longer
rehabilitation process, depending also of
lesion extension. They suggested that mus-
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Table 1. Demographic characteristics.

                                                        Control group (n=20)           Treatment group (n=20)

Age (years), Mean±SD                                           52.05±12.51                                             52.5±11.01
Stroke time (months), Mean±SD                        32.05±14.89                                            34.15±21.43
Gender, n (%)                                                                                                                                        
      Male                                                                           12 (60)                                                    12 (60)
      Female                                                                       8 (40)                                                      8 (40)
Type of stroke, n (%)                                                                                                                           
      Ischemic                                                                   19 (95)                                                    16 (80)
      Hemorrhagic                                                              1 (5)                                                       4 (20)
Dominant hand before stroke, n (%)                                                                                               
      Right                                                                          19 (95)                                                    16 (80)
      Left                                                                               1 (5)                                                       4 (20)
Side injured by stroke, n (%)                                                                                                             
      Right                                                                          13 (65)                                                     9 (45)
      Left                                                                             7 (35)                                                     11 (55)
Diseases before stroke, n (%)                                                                                                          
      Hypertension                                                           17 (85)                                                    18 (90)
      Diabetes Mellitus                                                    4 (20)                                                      4 (20)
      Others                                                                         1 (5)                                                       2 (10)

Table 2. Mean and standard deviation of the measurement of Modified Ashworth Scale
(MAS) during the treatment period with btx-a and placebo.

Type/local application      Baseline          MAS                MAS                MAS              P
                                                              (3 months)    (6 months)    (9 months)         

Btx-a Elbow (n=10)                  2.4 (±0.52)       1.8 (±1.13)          1.6 (±1.06)          1.9 (±0.94)           0.04
Placebo Elbow (n=11)             2.4 (±0.53)       1.7 (±0.87)          1.9 (±0.88)          1.8 (±0.93)          0.184
Btx-a Wrist (n=5)                        2 (±0.0)         0.8 (±1.09)          0.7 (±0.97)          0.9 (±0.89)          0.049
Placebo Wrist (n=4)                   2 (±0.0)         1.3 (±1.15)             2 (±0.0)                2 (±0.0)            0.392
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cle training programs are essential to stimu-
late the sustained use of the paretic hand
with positive consequences in motor
response.7

Our results also demonstrated an
improvement in gait as assessed by TUG
and six minutes walking test in both alloca-
tion groups. These results reinforce the the-
ory that physical therapy alone may be
responsible for global motor function
improvement in post-stroke patients. Btx-a
injections would function as an adjuvant
therapy, adding the fact that positive results
were observed in segments with no btx-A
injections. 

Even with no differences in evolution of
functional recovery of upper limb between
groups, there was a significant reduction in
muscle spasticity among patients who used
btx-A injections in upper limb, as expected
by btx-A mechanism of action. Upper limb
spasticity may interfere with self-care activ-
ities as hand opening, dressing or drinking a
glass of water.7,9-12 In this way, several stud-
ies demonstrate reduction in upper limb
muscles spasticity after btx-A injec-
tions.8,12-14 In a recent meta-analysis there
was evidence that btx-A injections improve
upper limb functionality.4 Meythaler et al.
showed spasticity reduction in elbow and
wrist extension after six months of btx-A
injections. Nevertheless, patients submitted
only to a physical therapy program showed
similar results.6 Significant reduction of
spasticity was also observed after six weeks
of inducted contention therapy.15

The current study has some limitations.
First, there was variability in functional
capacity for upper limb between study par-
ticipants, with potential for bias. Also, the
absence of data on ADL after study protocol
impaired a subjective evaluation and com-
parison with objective results obtained
through scales used in the study. Besides the
restrict training program, there was not pos-
sible to control participants number of
absences during trial scheduled visits. 

Conclusions
The results showed that isolated physio-

therapy as their association with btx-a
improved motor function post-stroke indi-
viduals, without superiority among the tech-
niques. However, the association of btx-a
with physical therapy was higher in the con-
trol of muscle tone, suggesting that the
functional improvement depends not only
on decreased muscle tone.
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