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Background and Purpose—The aim of this trial was to determine the effect of additional upper limb rehabilitation following
botulinum toxin-A for upper limb activity in chronic stroke.

Methods—We conducted a multicenter phase III randomized trial with concealed allocation, blinded measurement, and
intention-to-treat analysis. One hundred forty stroke survivors who were scheduled to receive botulinum toxin-A in any
muscle(s) that cross the wrist because of moderate to severe spasticity after a stroke >3 months ago, who had completed
formal rehabilitation and had no significant cognitive impairment. Experimental group received botulinum toxin-A plus
evidence-based movement training while the control group received botulinum toxin-A plus a handout of exercises.
Primary outcomes were goal attainment (Goal Attainment Scaling) and upper limb activity (Box and Block Test) at 3
months (end of intervention). Secondary outcomes were spasticity, range of motion, strength, pain, burden of care, and
health-related quality of life.

Results—In terms of goal attainment, the experimental group scored the same (mean difference, 2 T-score [95% CI, -2 to
7]) as the control group on the Goal Attainment Scale. In terms of upper limb activity, by 3 months the experimental
group moved blocks at the same speed (mean difference, 0.00 blocks/s [95% CI, —0.02 to 0.01]) as the control group on
the Box and Block Test. There were no differences between groups on any secondary outcome except strength, in favor
of the experimental group (mean difference, 1.4 kg [95% CI, 0.2-2.7]).

Conclusions—Findings suggest that additional intensive upper limb rehabilitation following botulinum toxin-A in chronic
stroke survivors with a disabled upper limb is not effective.

Registration—URL: https://www.clinicaltrials.gov. Unique identifier: ACTRN12615000616572. (Stroke. 2020;51:556-
562. DOI: 10.1161/STROKEAHA.119.027602.)
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Stroke remains a leading cause of major disability inter-
nationally and represents a large economic burden on the
health care system." A meta-analysis has shown that botulinum
toxin-A injections reduce spasticity compared with placebo,’
but that this reduction in spasticity does not carry over to an
improvement in the ability to perform everyday activities.’*
Clinical guidelines internationally recommend that manage-
ment of spasticity include the use of botulinum toxin-A in

conjunction with ongoing rehabilitation.>® However, this rec-
ommendation is based on expert opinion rather than scientific
evidence, since there are no sufficiently powered randomized
trials which compare the effect of botulinum toxin-A to those
of botulinum toxin-A plus comprehensive rehabilitation.*> Our
Phase II trial investigating the feasibility of additional rehabili-
tation to botulinum toxin-A demonstrated that rehabilitation can
be provided to stroke survivors receiving botulinum toxin-A.”
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This pilot study clearly showed that future trials should be per-
formed separately in the upper and lower limb, due to difficul-
ties in finding measures of activity that encompass both limbs.

Difficulty in moving the arm is a common, ongoing problem
for around two-thirds of people poststroke.® After formal reha-
bilitation ceases, people with persistent spasticity due to their
stroke still attend clinics where they may receive botulinum
toxin-A injections in the upper limb, particularly into muscles
of the forearm and hand.”'® Thereafter, postinjection interven-
tion varies widely due to a lack of evidence, and in Australia,
around one third of clinics only provide handouts or advice to
encourage motor training’ in the absence of supervised therapy.
Therefore, we designed an intensive upper limb rehabilitation
program based on evidence-based guidelines for stroke>® that
was to be provided postinjection. The 3-month program, known
as INTENSE (Intensive Therapy Efficacy After Neurological
Spasticity Treatment), includes 2 weeks of serial casting aimed
at decreasing any contracture'' that is then followed by 10
weeks of movement training, aimed at decreasing weakness'
and improving movement.'*'* The program was designed to
be patient-driven; it is mostly performed at home supported
by phone calls, home visits, and occasional attendance at the
clinic, and its feasibility has been tested in a Phase II trial.”

The aim of this Phase III randomized trial was to deter-
mine both the clinical effect and the cost-benefit of additional
intensive upper limb rehabilitation following botulinum toxin-
A. The specific research question was:

In stroke survivors attending a spasticity clinic who
are scheduled to receive botulinum toxin-A, is additional 3
months of evidence-based movement training more effective
than botulinum toxin-A plus usual care in terms of goal attain-
ment and upper limb activity?

Methods

The data that support the findings of this study are available from
the corresponding author on reasonable request. The protocol
was published,” approved by the relevant Human Research Ethics
Committees and was registered.

Design

The INTENSE trial was a national, multicenter, Phase III randomized
trial with concealed allocation, blinded measurement, and intention-
to-treat analysis. Stroke survivors were recruited from 7 spasticity
clinics across 3 states in Australia. The list of clinics is available on
the trial registry. Participants were randomly allocated to receive bot-
ulinum toxin-A plus evidence-based movement training or botulinum
toxin-A plus usual care. Randomization was computer-generated,
independent, and concealed. For each clinic, allocation occurred in
random permuted blocks so that after every block (of 4-8 partici-
pants), the experimental and control group contained equal numbers.
Randomization occurred after injection of botulinum toxin-A. The
schedule was stored off-site, and group allocation was revealed online.
Outcomes were measured at baseline, 3 months (end of intervention),
and 12 months (beyond the intervention). Measurements were col-
lected at the clinic by researchers blind to group allocation. It was not
possible to blind participants or therapists to group allocation. Data
analyses were conducted by researchers blind to group allocation.

Patients, Therapists, and Clinics

Patients were included if they were adults over 3 months poststroke;
were scheduled to receive a botulinum toxin-A injection (in accord-
ance with the Pharmaceutical Benefits Scheme) to a muscle(s) that
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crosses the wrist; and were not currently receiving upper limb rehabil-
itation. They were excluded if they had botulinum toxin-A injections
and casting in the past 6 months; had contraindications to botulinum
toxin-A injections; had other nonstroke related upper limb conditions
(eg, fracture, frozen shoulder, and arthritis); had impaired cognition
(=5 errors on the Short Portable Mental Status Questionnaire'®); or
were unable to attend clinic 21/wk. Information such as age, sex, ed-
ucation level, living situation, time since stroke, side of hemiplegic,
cognition, sensation, neglect were collected to describe the sample.

Therapists delivering the intervention were included if they were
experienced physical or occupational therapists with >3 years of ex-
perience in stroke rehabilitation.

Spasticity clinics were included if they had a stroke throughput
of >20/y.

Intervention

Participants in both groups underwent a standard injection program
according to Australian practice recommendations.!” Structured
goal setting with participants and their carers was completed within
the spasticity clinic and identified areas of concern specific to upper
limb activity. Rehabilitation physicians selected the muscle(s) for
injection before inclusion in the trial depending on these goals and
the distribution of the spasticity. Participants received an injec-
tion to a muscle(s) crossing the wrist (such as Flexor Digitorum
Profundus, Flexor Digitorum Superficialis, Extensor Digitorum,
Extensor Digiti Minimi, Flexor Pollicus Longus, Flexor Carpi
Radialis, Flexor Carpi Ulnaris, Palmaris Longus, Extensor Carpi
Radialis Longus, Extensor Carpi Radialis Brevis, and Extensor
Carpi Ulnaris). Botulinum toxin-A were supplied to participants
through the Pharmaceutical Benefits Scheme,'® and the maximum
dose of at any 1-time point was 600 units (maximum volume per
site =0.5—1.0 mL). The trial used one neurotoxin, Botox (100 unit
vial), which has approval for upper limb spasticity after stroke.
Muscles injected and units per muscle were recorded.

Participants in the experimental group received the INTENSE pro-
gram immediately after the botulinum toxin-A injection. The program
commenced with up to 3 serial casts applied to place the wrist in max-
imum extension for 2 weeks. This was then followed by 10 weeks
of movement training aimed at decreasing weakness (electrical stim-
ulation and progressive resistance exercises)'* and improving active
movement.'*! There were 4 levels of movement training (level 0-3)
to allow training to be individualized for each participant’s ability.
Participants were encouraged to practice for 60 minutes per day, 7
days a week during the 10 weeks (ie, =70 hours in total). Participants
were supported by a mix of clinic-based sessions, home visits, and
phone calls. Clinic-based sessions were conducted by a physical or
occupational therapist, who received training. In addition, participants
received an individualized manual outlining their movement training
and were required to record the number of minutes of practice daily
in a training log. The intervention package is described in detail and
according to the template for intervention description and replica-
tion (TIDieR) checklist (Table I in the online-only Data Supplement).
Adherence to the experimental intervention was monitored by review-
ing the training logs and by auditing 1 to 2 sessions per clinic.

Participants in the control group received a handout plus one
follow-up telephone call to encourage independent practice. The
handout was nonindividualized and contained 7 stretches and 8 arm
and hand exercises. They were also required to record the number of
minutes of practice daily in a training log. Contamination from the
experimental intervention was determined by examining the training
logs at the beginning and end of the study.

Participant acceptability was determined by response to the closed
question “If you ever have further treatment for spasticity, would you
opt to receive the same treatment/s.”

Outcome Measures

The primary outcomes were goal attainment measured using the
Goal Attainment Scale®*?' and reported as a T-score, and upper
limb activity measured using the Box and Block Test*? and reported
as blocks/s.
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Secondary outcomes were spasticity, wrist extension range
of motion, grip strength, pain, burden of care, and quality of life.
Spasticity was measured using the Tardieu Scale and reported as a
score 0 to 4, where 0 is no spasticity.”® Passive range of wrist exten-
sion was measured using torque-controlled goniometry and reported
in degrees.** Grip strength was measured as a maximum voluntary
contraction using a Jamar dynamometer and reported as kilogram.”
Pain was measured using a visual analog scale and reported in centi-
meter from O to 10, where 0 is no pain. Burden of care was measured
using the Carer Burden Scale and reported as a score 0 to 16, where 0
is no burden.” Health-related quality of life was measured using the
EuroQol-5D.” The domain of self-care is reported as a value between
1 and 3 where 1 is no problems, and overall health as a value between
0 and 100, where 0 is poor health.

Statistical Analyses

Sample size was calculated to detect a between-group difference of 7
points on the Goal Attainment Scale T-score and 0.12 blocks/s on the
Box and Block test with 80% power at a 2-tailed significance level
of 0.05. The calculation was based on the mean scores and standard
deviations of the sample studied in our pilot trial,” and the accepted
clinically important differences of the Goal Attainment Scale (ie,
one level improvement on one goal)*” and Box and Block test (ie, 6
blocks).?® On the basis of 10% attrition by 12 months, we planned to
recruit a total of 136 participants, 68 per group.

An intention-to-treat analysis was conducted. Outcomes were
analyzed using ANCOVA, controlling for baseline values, and pre-
sented as mean between-group differences (95% CI).

Results

Flow of Participants Through the Trial

One hundred forty people with stroke were recruited to the
study. Participants in both the experimental and control groups
were similar in terms of their age, sex, level of education, pre-
vious living arrangements as well as chronicity, side of hemi-
plegia, cognition, sensation, and neglect (Table 1).

The flow of participants through the trial is shown in Figure.
By Month 3, 2 participants (1%) were lost to follow-up—both
from the experimental group. Therefore, 99% of the primary
outcomes were collected. In addition, there was some missing
data so that 99% of secondary data was collected.

Sixteen therapists (4 physiotherapists and 12 occupational
therapists) delivered the experimental intervention to a mean
of 4.2 (SD 3.4) participants each. On average, they had 13 (SD
10) years of clinical experience in stroke rehabilitation, and 5
(30%) had postgraduate qualifications.

Participants were recruited from 7 spasticity clinics
that treated mixed neurological conditions with an average
throughput of 26 (SD 12) strokes per clinic per year.

Compliance With Trial Method

Both groups received botulinum toxin-A injections and the
muscles injected and the units per muscle for both groups are
outlined in Table 2. The number of muscles injected was sim-
ilar between groups, with the most common muscles being
Flexor Digitorum Superficialis and Flexor Carpi Ulnaris.
Similarly, the amount botulinum toxin-A used was similar
between groups, averaging about 150 units in total. Both
groups kept a log to record the content and daily number of
minutes of practice. At the beginning (week 3), the exper-
imental group did 52 (SD 21) min/d of practice and ended
(week 12) with 37 (SD 28) min/d. At beginning (week 3),

Table 1. Characteristics of Participants and Centers

All, Exp, Con,
Characteristics n=139 n=69 n=71
Participants
Age, y, mean (SD), range 61 (15), 62 (15) | 60 (16)
20-89
Sex, n males (%) 97 (69) 47 (68) 50 (70)
Education, n university 34 (24) 13(19) 21(30)
educated (%)
Living situation, n living alone (%) 24 (17) 13(19) | 11(15)
Time since stroke, y, med (IQR), | 3.3 (1.6-6.2), 3.4 33
range 0.3-43 (1.4-6.2) | (1.6-6.2)
Side of hemiplegia, n right (%) 50 (36) 25(36) | 25(35)
Cognition (SPMSQ, 0-10), 90(1.1) | 89(1.2) | 9.1(1.0)
mean (SD)
Sensation, n (%)
Impaired 85 (61) 44 (64) | 41(58)
None 25 (18) 13(19) | 12(17)
Neglect, n (%)
Slight 27 (19) 13(19) | 14(20)
Severe 4(3) 1(1) 34
Independent ambulation, n no (%) 78 (56) 40(58) | 38(54)
Centers, n participants enrolled (%)
Victorian Centers 39 (28) 19 (28) 20 (28)
New South Wales Centers 29 (21) 14(20) | 15(21)
South Australian Centers 72 (52) 36(52) | 37(50)

Con indicates control group; Exp, experimental group; IQR, interquartile
range; and SPMSQ, Short Portable Mental Status Questionnaire.

the control group did 28 (SD 25) min/d of practice and ended
(week 12) at 20 (SD 22) min/d. The control group did less
practice at the end than at the beginning suggesting that there
was no contamination from the experimental intervention.

In terms of the experimental intervention, the experi-
mental group received 3.0 (SD 0.3, range 2—4) casts over 2
weeks. At the beginning of movement training (week 3), they
started at level 0.7 (SD 0.8) and ended (week 12) at level 0.9
(SD 1.0), suggesting little progression from the level O elec-
trical stimulation program across the course of the study. The
data is skewed because most participants started (60%) and
ended (55%) at level 0. Adherence to the experimental inter-
vention was monitored by auditing 2 sessions per clinic, and
the only deviations from protocol that were found involved
data collection and storage.

Participant acceptability was determined by response to
the closed question “If you ever have further treatment for
spasticity, would you opt to receive the same treatment/s”.
Eighty percent of the experimental group said yes, compared
with 70% of control group.

Effect of Intervention Between Groups
Group (SD) data for the 2 measurement occasions, within-
group differences and between-group differences are
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People with neurological conditions who were scheduled
to have a botulinum toxin-A injection n=1253

Excluded, n=964
»| ¢ Not stroke —769
* Not a muscle crossing the wrist — 195

A 4
People with stroke who were scheduled to have a
botulinum toxin-A injection in a muscle crossing
the wrist screened n=289

Excluded, n=149
e Aged less than 18 years - 1
e Receiving UL rehabilitation - 66
e Poor cognition - 19
e Botulinum toxin-A injections and/or serial
> casts in the past 6 months - 24
. anttraindicegions to botulinum toxin-A Figure. Design of and flow of participants
injections —
. P:evious upper limb comorbidities — 4 through the study.
Time e Unable to attend clinic — 29
(mth) ¢ Refused -2
Measure: upper limb activity, spasticity, range of motion, strength, pain, burden of care, quality of life
0 Botulinum toxin-A injection
Randomise n= 140
n=69 n=71
Lost to follow-up, Experimental Group Control Group
n=2 Lost to follow-
o Died(n=1) |¢—| ¢ Home and clinic based e Homebased | up, n=0
o Withdrawn o 2 weeks of casting ¢ Handout of exercises
(n=1) « 10 weeks of movement training plus one phone call
Yy v
Measure: upper limb activity, spasticity, range of motion, strength, pain, burden of care, quality of life
3 n=67 n=71
presented in Table 3 for all outcome measures. In terms of Discussion

goal attainment, the experimental group scored the same
(MD, 2 T-score [95% CI, -2 to 7]) as the control group on
the Goal Attainment Scale. In terms of upper limb activity,
by 3 months the experimental group moved blocks at the
same speed (MD blocks/s [95% CI, —0.02 to 0.01]) as the
control group on the Box and Block Test. In terms of the
secondary outcomes, the experimental group was 1.4 kg
(95% CI, 0.2-2.7) stronger in grip strength than the con-
trol group. There was no difference between groups in any
other measure.

Post Hoc Analysis of Effect of Intervention on
Combined Group

When the experimental and control groups were combined
into one group (Table 4), there was a statistically significant
improvement in upper limb activity (MD, 0.01 blocks/s [95%
CI, 0.00-0.01]), spasticity (MD, —0.4 out of 4 [95% CI, —-0.2
to —0.6]), contracture (MD, 8 deg [95% CI, 3—12]), pain (MD,
—0.9 out of 10 [95% CI, —0.4 to —1.3), and burden of care
(MD, —1.8 out of 16 [95% CI, —1.2 to —2.5]).

Table 2. Summary of Botulinum Toxin-A Injections

This randomized trial found that, in chronic stroke survivors
attending a spasticity clinic who received botulinum toxin-A,
additional 3 months of evidence-based movement training
was no more effective than botulinum toxin-A plus a handout
of exercises in terms of goal attainment and upper limb ac-
tivity. There was no difference between groups in any other
measure, except strength, where evidence-based movement
training was effective in terms of grip strength. When the ex-
perimental and control groups were combined, overall, there
were small improvements in spasticity, contracture, pain, and
burden of care (such as cleaning the palm, cutting the finger-
nails, dressing the arm, and cleaning under the armpit).

The participants in this randomized trial were chronic
stroke survivors attending a spasticity clinic who were sched-
uled to receive botulinum toxin-A to a muscle crossing the
wrist. They were representative of stroke survivors receiving
intervention for spasticity in terms of chronicity and se-
verity.” The majority (60%) of stroke survivors attending a
spasticity clinic had a muscle crossing the wrist injected, and
half of these were enrolled in our trial. However, the partici-
pants were very disabled in terms of upper limb activity. On

Botulinum Flexor Carpi Flexor Carpi Flexor Digitorum = Flexor Digitorum Flexor Pollicus Extensor Carpi
Toxin-A Injections Radialis Ulnaris Superficialis Profundis Longus Radialis Longus Total
Exp Con Exp Con Exp Con Exp Con Exp Con Exp Con Exp Con
Participants, 44 (65) | 39(55) | 50(74) | 52(73) | 60(88) | 58 (82) | 39(57) | 37 (52) | 25(37) | 23(32) | 5(7) 4 (6)
n (%)
Units, mean (SD) | 49 (19) | 47 (16) | 48 (19) | 50 (18) | 52 (18) | 53 (21) | 47 (15) | 51(20) | 32(21) | 38(22) | 34(22) & 20(14) | 154 (80) | 147 (72)

Con indicates control group; and Exp, experimental group.
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Table 3. Mean (SD) of Groups, Mean (SD) Difference Within Groups, and Mean (95% Cl) Difference Between Groups for All Outcomes

Difference Between
Groups Difference Within Groups Groups
Month 3 Minus
Month 0 Month 3 Month 3 Minus Month 0 Month 0
Outcome Exp (n=69) Con (n=71) Exp (n=67) Con (n=71) Exp Con Exp Minus Con
Goal attainment GAS N/A N/A 43 (12) 41 (12) N/A N/A 2(-2t07)
(T-score)
Upper limb activity BBT, 0.03 (0.09) 0.04 (0.09) 0.03 (0.10) 0.05(0.11) 0.01 (0.03) 0.01 (0.04) 0.00 (-0.02 t0 0.01)
blocks/s
Spasticity Tardieu Scale, 2.0(0.8) 1.9(0.8) 1.7(0.9)n=66 | 1.5(0.8)n=69 | —0.3 (1.1) n=66 | —0.4 (0.9) n=69 0.1(-0.3t00.4)
0-4
Wrist extension ROM, deg 35 (40) n=68 38 (31) 47 (31) n=65 44 (33) 10 (26) n=64 5(23) 5(-41013)
Grip strength MVC 3.6 (4.3 4759 46(5.7) 41 (4.4) 1.0 (3.4) -0.4(3.9) 1.4(0.21t02.7)
dynamometry, kg
Pain 10 cm VAS, 0-10 1.9(2.7) 1.9(2.6) 1.0 (2.0) 1.1(2.0) -0.9(2.5) —-0.9(2.6) 0.0(-0.9t00.8)
Burden of care CBS, 0-16 6.7 (4.3) 6.5(3.3) 45(4.1) 5.0(3.9) -2.2(3.8) -1.5(3.7) —-0.7 (-2.0t0 0.5)
Quality of life, EQ-5D
Overall health, 0-100 65 (21) 62 (20) 64 (25) 63 (23) -1 (-11) 2(25) -2(-11106)
Self-care, 0-3 2.0(0.7) 2.0(0.6) 1.8 (0.6) 1.8(0.7) -0.2 (0.5) -0.1(0.4) -0.1(-0.2t00.1)

BBT indicates Box and Block Test; CBS, Carer Burden Scale; Con, control group; EQ-5D, EuroQual-5D; Exp, experimental group; GAS, Goal Attainment Scale; MVC,

maximum voluntary contraction; ROM, range of motion; and VAS, visual analog scale.

average, they could move 2 blocks in 60 s compared with
normal age-matched performance of 70.?? Furthermore, over
3 quarters (78%) of them could not move any blocks, and over
a quarter (29%) had no grip strength at all. Since a systematic
review has concluded that overall, more severe impairment
and activity limitations in the upper limb early after stroke are
significantly associated with poor upper limb outcomes,™ it is
quite likely that many of our participants did not have an intact
corticospinal tract, indicating limited potential for meaningful
recovery.®! Perhaps, therefore, it is not surprising that there
was little response to the motor training.

Clinical guidelines internationally recommend that man-
agement of spasticity include ongoing rehabilitation after
botulinum toxin-A.>*!"” Since undertaking this randomized
trial, there has one systematic review published that examines
the effect of adjunct therapy following botulinum toxin-A.?
However, there is no meta-analysis performed in this review,

and none of the randomized trials included in the review were
published after our trial was begun. Therefore, the status quo
remains that the recommendation included in most guidelines
is based on expert opinion rather than scientific evidence,
since there are no sufficiently powered randomized trials
which compare the effect of botulinum toxin-A to those of
botulinum toxin-A plus comprehensive rehabilitation. Our
findings show that this expert opinion is fallible, and raises
the question of whether consensus recommendations should
be included in stroke guidelines.

This trial has both strengths and weaknesses. Its main
strength was that it was fully powered, and participants were
representative of those attending spasticity clinics around
Australia and internationally® in terms of time poststroke,
muscles injected, and types of goals set. While this study’s
main weakness was that the participants, while representative,
were some 3 years after their stroke and very disabled, which

Table 4. Mean (SD) of Times and Mean (95% Cl) Difference Between Times for All Participants

Times Difference Between Times
Characteristics Month 0 (n=138) Month 3 (n=138) Month 3 Minus Month 0
Upper limb activity BBT, blocks/s 0.03 (0.09) 0.04 (0.10) 0.01 (0.00 t0 0.01)
Spasticity Tardieu Scale, 0-4 2.0(0.8) 1.6 (0.9 —-0.4 (-0.2t0 —-0.6)
Wrist extension ROM, deg 38 (35) 46 (32) 8(3t012)
Grip strength MVC dynamometry, kg 4.1(5.2) 4.4(5.1) 0.3 (-0.3t0 0.90)
Pain 10 cm VAS, 0-10 1.9 (2.6) 1.0 (2.0) —0.9(-0.4t0 —1.3)
Burden of care CBS, 0-16 6.6 (3.8) 4.8 (4.0) -1.8(-1.2t0-2.5)
Quality of life, EQ-5D overall health, 0-100 63 (21) 63 (24) 0(-41t05)

BBT indicates Box and Block Test; CBS, Carer Burden Scale; EQ-5D, EuroQual-5D; MVC, maximum voluntary contraction; ROM, range of

motion; and VAS, visual analogue scale.




means that they may not have been able to make improve-
ments in upper limb activity. Another strength was the high
adherence to the practice regime, suggesting that the findings
are not due to lack of practice. While self-reports of practice
have been found to be variable,** analysis of a sub-group of
our sample showed a high degree of accuracy.*®> The experi-
mental group was required to undertake 60 minutes of practice
per day. They began the trial practicing 87% of the required
amount and ended practicing 62% despite the fact that there
was very little visible improvement. This suggests that the
protocol of clinic-based sessions (20%), supported by home
visits, phone calls and individualized manual outlining the
movement training and a training log to record the number of
minutes of practice daily is highly effective at getting people
to practice, at least within a trial.

The findings of this randomized trial suggest that it is not
worthwhile to spend resources on providing anything more
than a nonindividualized handout plus a phone call to en-
courage practice after botulinum toxin-A. However, transla-
tion of this into practice will require explanation for stroke
survivors, who may hold a belief that their upper limb func-
tion will improve if they are given more therapy. Interestingly,
when the participants of both groups were considered together,
the findings raise the question of whether there is enough ben-
efit from the application of botulinum toxin-A itself. In this
group of stroke survivors who were representative of those
who attend spasticity clinics in Australia, while there was a
half-point reduction in spasticity, there was no clinically im-
portant improvement in upper limb activity, and little change
in range of motion, strength, pain, or burden of care, and no
change in quality of life. The findings also raise the question
of the timing of botulinum toxin-A. To avoid confounders, we
only accepted stroke survivors once they were finished with
formal rehabilitation. However, it may be more beneficial if
botulinum toxin-A was given earlier.>*

In conclusion, this randomized trial found that, in stroke
survivors attending a spasticity clinic who received botulinum
toxin-A to a muscle crossing the wrist, additional 3 months of
evidence-based movement training was no more effective than
botulinum toxin-A plus a handout of exercises, in terms of
goal attainment and upper limb activity. This suggests that, in
chronic, severely disabled stroke survivors who are not already
receiving upper limb movement therapy, it is not worthwhile
spending resources on commencing intensive upper limb re-
habilitation after botulinum toxin-A. On the positive side, we
have identified a group who will not benefit from extra in-
tervention, therefore stroke survivors with greater activity, or
who are earlier in the trajectory, or with higher baseline pain
may benefit more from evidence-based movement training. In
addition, we have shown that the structure of training in this
trial and the expectation for self-management resulted in a
high amount of independent practice of motor activity.

Appendix
InTENSE Trial Group: Natasha A. Lannin, Julie Ratcliffe, Louise
Ada, Coralie English, Maria Crotty, Ian D Cameron, Steven G. Faux,
Mithu Palit, John Olver, Malcolm Bowman, Senen Gonzalez, Rachel
Milte, Angela Vratsistas-Curto, Annabel McNamara, Christine
Shiner, Elizabeth Lynch, Emma Schneider, Louise Beaumont,
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Maggie Killington, Megan Coulter, Doungkamol Sindhusake, Brian
Anthonisz, Hong Mei Khor, Justin Tan, Kwong Teo, Lily Ng, Lydia
Huang, Maria Paul, Neil Simon, Nidhi Gupta, Rebecca Martens, Sam
Bolitho, Shea Morrison, Sue Hooper, Yan Chow, Yuriko Watanabe,
Adrian Cowling, Clara Flu, Debbie Edwards, Emily Toma, Genevieve
Hendrey, Jacinta Sheehan, Josh Butler, Judith Hocking, Lauren
Rutzou, Megan White, Michael Snigg, Rhiannon Hughes, Sarah
Sweeney, Sophie Flint, Tam Levy, Val Bramah, Cameron Lathlean,
Carrie McCallum, Elaine Chui, Frances Allan, Heather Webber,
Jenna Cameron, Jo Campbell, Julie Lawson, Kalavani Zenouith,
Karen Borschmann, Katelyn Moloney, Laura Jolliffe, Lisa Cameron,
Owen Howlett, Rebecca Nicks, and Sophie O’Keefe.
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