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Abstract

Improvement in active function (making it easier to use the limb) is a common goal
following treatment of upper limb spasticity with botulinum toxin (BoNT-A). ULIS-III was
a large international, observational, longitudinal study (IN = 953) conducted in the context
of usual clinical practice over two years. In this secondary post hoc analysis, we examine
whether goals for improvement in active function were met over repeated injection cycles.
Patients were selected if improved active function (AF) was a primary/secondary goal for
at least one cycle of treatment (n = 286/953). They were assessed at the start and end of
each cycle using the Goal Attainment T-score alongside the Arm Activity measure (ArmA).
Serial changes and predictors of improvement were explored. Across eight cycles, there
were 1167 injections for active function, 875/1998 (44%) AF goals were set and 493 (57%)
of those goals were achieved. Patients continued to show significant improvement in
AF (p < 0.001) for each injection at least up to three cycles, which is likely to be clinically
significant, especially in patients with milder spasticity who were naive to BONT-A. No
statistically significant predictors were confirmed on mixed effects modeling. Conclusions:
Repeated BoNT-A continued to produce significant improvement in active function for at
least three cycles, regardless of patient- or treatment-related factors in this cohort, but type
I errors due to small numbers cannot be excluded.

Keywords: active function; botulinum toxin; upper limb spasticity; goal attainment scaling;
rehabilitation

Key Contribution: Collected in real-life clinical practice, the large international longitu-
dinal ULIS-III dataset provides a unique opportunity to examine the effect of repeated
cycles of BONT-A injection on upper limb spasticity-related active function. Functional im-
provements were seen in task performance over multiple cycles, regardless of age, gender,
previous injection history, time since onset, distribution of spasticity or other patient- or
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treatment-related factors, but they were possibly due to a type II error due to the small
number of participants for this analysis.

1. Introduction

Impairment of motor control is common after stroke or other acquired brain injuries,
often resulting in difficulties with coordinated movement. In a large proportion of cases,
this is accompanied by disabling spasticity, a disorder arising from damage to the cen-
tral nervous system and characterized by abnormal, sustained muscle overactivity [1,2].
Clinically, spasticity may manifest as stiffness and pain and, in chronic cases, can lead
to complications such as contractures, joint deformities, and pressure ulcers [3]. These
consequences can substantially impair functional performance and limit engagement in
rehabilitation. While prevalence estimates vary, spasticity has been documented in as many
as 42% of stroke survivors, representing approximately 504,000 individuals in the UK [3-7].

Spasticity may affect both bodily function and the execution of activities of daily living.
It can hinder “active function’, defined as the voluntary use of the affected limb during task
performance, as well as ‘passive function’, encompassing the ability to care for the limb
and perform essential activities such as dressing and personal hygiene [3,4,8].

Administration of botulinum toxin type A (BoNT-A) has been demonstrated to
be a safe and effective localized treatment for reducing spasticity [4-6,9-16], and its
use is endorsed in routine clinical practice by both national and international clinical
guidelines [17-21].

When integrated within a broader rehabilitation program, BoNT-A may improve
passive function by reducing muscle overactivity, optimizing joint position, and allevi-
ating strain associated with musculoskeletal deformities [11,22]. Consequently, passive
function is frequently identified as a key treatment objective in upper limb spasticity man-
agement [11,12]. However, in patients with sufficient residual motor capacity and potential
for recovery, treatment priorities may progressively shift towards the restoration of active
function [21-25]. In such cases, improvement in motor performance depends primarily on
task-specific practice and rehabilitation [26-29], with BONT-A serving to reduce spasticity
and minimize obstacles to functional recovery [30-32].

Goal Attainment Scaling (GAS) provides a structured framework for quantifying the
achievement of individualized treatment goals in clinical practice and research [33-37].
Comprehensive guidance on its methodology and application has been described in the
literature [33,38-40]. The GAS T-score serves as a composite measure of overall goal achieve-
ment, whereby increases from baseline indicate clinical progress. A score of 50 (SD =+ 10)
corresponds to the expected level of attainment, while higher scores reflect outcomes ex-
ceeding predefined expectations [8,24]. While GAS demonstrates sensitivity to changes in
the management of spasticity, it captures goal attainment rather than objective clinical end-
points and is subject to limitations related to scaling and comparability across patients and
practitioners. Consequently, GAS is most appropriately interpreted alongside standardized
outcome measures rather than as a standalone assessment tool [24].

The Arm Activity measure (ArmA) was developed to address this need and is a
psychometrically robust instrument specifically developed for the assessment of both upper
limb active and passive function limitations. It comprises 20 items divided into separate
subscales evaluating passive and active functions: a seven-item passive function subscale
(ArmA-PF; score range 0-28) and a thirteen-item active function subscale (ArmA-AF; score
range 0-52). The measure may be completed by either patients or caregivers. Lower scores
on either subscale indicate reduced difficulty in task performance and, therefore, improved
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functional ability [41]. It also incorporates a third subscale in its latest iteration measuring
symptoms and quality of life which was not used in this study.

The Upper Limb International Spasticity (ULIS) program consists of three multi-
national observational studies designed to characterize and re-evaluate routine clinical
practice in the application of BONT-A for upper limb spasticity management. Central to
the programme is the adoption of Goal Attainment Scaling (GAS) as the principal outcome
measure, complemented by the use of ArmA.

As a long-term condition, spasticity commonly requires continuous management,
and repeated BONT-A administration has been associated with sustained benefits across
a range of clinical symptoms [17,42—44]. The third iteration of the ULIS program, ULIS-
III, is among the largest multicenter studies to evaluate repeated BoONT-A therapy in
upper limb spasticity, including an effectiveness cohort of 953 patients. Within this study,
the Upper Limb Spasticity Index (ULSI) was introduced, combining the Focal Spasticity
Index with a longitudinal recording of GAS and selected standardized outcome measures
aligned with patient-specific treatment priorities at each treatment cycle [45]. The results
demonstrated sustained improvements over two years in both overall goal attainment
and functional outcomes, spanning passive and active domains [46]. Post hoc analyses
further suggested that factors such as the use of injection guidance, female sex, and specific
BoNT-A formulations may be predictive of enhanced treatment response [46-48].

Building on these findings, the current post hoc analysis examined patients who
identified improvement in active upper limb function as a treatment goal. Specifically, the
analysis aimed to:

(a) Characterize the active function goals selected by patients and assess goal attainment
across repeated treatment cycles over a two-year period;

(b) Evaluate longitudinal changes in active function scores to explore the potential for
cumulative functional benefit with repeated treatment;

(¢) Investigate whether patient- or treatment-related characteristics were associated with
improvements in active function over time.

From a clinical perspective, we hypothesized that patient-related factors associated
with treatment improvement or increased injection frequency could include age, sex, type
of injury, time since injury, prior exposure to BONT-A, severity and distribution of spasticity,
and the presence of sensory impairment or contractures. Intervention-related predictors
were anticipated to comprise the use of injection guidance (electromyogram /stimulation
and/or ultrasound) [13,49], the number of muscles targeted, the total dose administered,
and the type of guidance technique applied (e.g., electromyography, nerve stimulation,
or ultrasound).

2. Results

Within the ULIS-III effectiveness population (n = 953), a total of 286 patients (30%) had
at least one goal targeting active function (across any cycle of treatment) and were therefore
classified as the “active function subgroup’ for the purposes of this analysis.

2.1. Demographics

The demographics are shown in Table 1.

Those with and without goals related to active function were not significantly different
with respect to age, gender, etiology or duration of spasticity. However, as may be expected,
the active function subgroup had a lower mean baseline score on the Disability Assessment
Scale (DAS) (p < 0.001) and also less severe distal spasticity as measured by the composite
Modified Ashworth Score (MAS) both proximally and distally (p < 0.001). They were also
more likely to have had previous injections of BONT-A (p = 0.002). As expected, patients
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with regional spasticity were less likely to have goals for active function than those with
only focal spasticity.

Table 1. Demographics of the overall effectiveness population and the active function subgroup.

Patients with:

Effectiveness ACtl‘.’e No Ac.tlve Odds Ratio
Population Function Function 95% CI p
opuiatio Goals Goals °
N/953 (%) N/286 (%) N/666 (%)
Demographic
Sex 1.11 (0.84, 1.5) 0.478
Male 537 (56) 166 (58) 370 (56)
Female 416 (44) 120 (42) 296 (44)
Age 0.57 (0.42, 0.77) <0.001
<60 years 617 (65) 210 (73) 407 (61)
>60 years 335 (35) 76 (27) 259 (39)
Type of injury 0.70 (0.44,1.11) * 0.129
Acquired brain injury 870 (91) 255 (80) 614 (92)
Spinal cord injury 15 (2) 8 (3) 7 (1)
Congenital 44 (5) 18 (6) 26 (4)
Progressive neurological 20 (2) 4(1) 16 (3)
Other 4 (<1) 1(<1) 3(1)
Etiology of acquired brain injury 0.64 (0.45, 0.90) ** 0.010
Vascular (stroke) 786 (90) 222 (78) 563 (85)
Trauma 71 (8) 30 (11) 41 (56)
Hypoxic 25 (3) 4(1) 21 (3)
Tumour 19 (2) 9 (11) 10 (6)
Inflammatory /
infective/other 52(6) 3 12(2)
Previous injections with BoNT-A for arm spasticity 1.10 (0.82, 1.48) 0.525
No (naive) 318 (33) 91(32) 226 (34)
Yes (non-naive) 635 (67) 195 (68) 440 (66)
Distribution of spasticity 0.60 (0.43, 0.83) 0. 002
Focal 190 (20) 74 (26) 115 (17)
Regional 763 (80) 212 (74) 551 (83)
Total 953 286 (30) 666 (70)
Time since onset of injury t-test
Years—mean (95% CI) 7.6(7.0,8.2) 7.8 (6.5,9.0) 7.5(6.7,8.3) t=—-041 0.686
Baseline function/spasticity—Mean (95% CI)
Baseline DAS total score 6.1 (5.9, 6.3) 5.2(4.9,5.1.) 6.5(6.3,6.7) t=7.0 <0.001
Proximal composite MAS 3.7 (3.6,3.8) 3.4 (3.2,3.6) 3.8(3.7,3.9) t=4.0 <0.001
Distal composite MAS 6.1 (5.9, 6.2) 5.4 (5.1,5.7) 6.4 (6.2, 6.6) t=59 <0.001

BoNT-A = botulinum toxin A; MAS = Modified Ashworth Scale; DAS = Disability Assessment Scale;
CI = bootstrapped confidence interval. x> = Chi square. * Adjusted p-values for the difference
between the subgroups of the effectiveness population with one or more active function-related goal
(n = 286) and with no pain-related goals (n = 667). ** Levene’s test was statistically significant.

2.2. Analysis of Active Function-Related Goals and Achievement Rates

During the 2-year period, there were a total of 1167 injections for the active function
subgroup, with a total of 1998 goals, of which 875 (44%) (either primary or secondary goals)
were related to active function.

The number of active function-related goals decreased across successive cycles to fewer
than 30 in cycles 7-8, but only a small number of patients (<50) had that many injections in
the 2-year period. The percentage of patients with an active function-related goal remained
more constant (ranging from 42 to 47% across seven cycles (see Figure 1 and Table 2)).
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Total No.of Active Function (AF) goals set and achieved at each cycle
300 O Total AF goals set
250 — O Total AF goals achieved
200
150
255
100 184 163
50 22 97 104 114 H H
69 82
o Pl 5.+
1 2 3 4 5 6 7 8
Cycle No.
Figure 1. Active function-related goals set and achieved.
Table 2. Analysis of active function-related goals and achievement rates.
N (%) * N (%) *
Cycle i:(s)tiNl of Fg):;iste ¢ Goals Related to Active Function Goals
ample Active Function (AF) Achieved
1 286 546 255 (47) 122 (48)
2 254 443 184 (42) 97 (53)
3 221 378 163 (43) 104 (64)
4 172 272 114 (42) 69 (61)
5 115 177 82 (46) 50 (61)
6 68 98 45 (46) 28 (62)
7 43 58 27 (47) 19 (70)
8 8 16 5(31) 4 (80)
Total 1167 1988 875 (44) 493 (57)

* % refers to the denominator in the same row from the previous column.

The percentage of active function-related goals that were achieved ranged from 48 to
80% across the cycles. In fact, there was a progressive increase in the percentage of active
functional goals achieved across the eight cycles (see Figure 2), suggesting that there may
be some learning effect regarding what is possible to achieve.

% Active function goals achieved at each cycle

90%
80%
80%
70%
60%

50%

40%
30%
20%

10%

0%

Cycle No.

Figure 2. The rate of active function-related goal achievement across the 8 cycles.

Of active function goals, when sub-classified by body system function, 355 (41%) incor-
porated grasp and release and 214 (24%) involved holding/stabilizing objects for bimanual
function. A total of 176 (20%) goals related to fine dexterity (n = 90) or manipulating objects
(n = 86), while 121 (14%) goals related to reaching. The proportion of goal subcategories
across the cycles is set out in Table A1 in Appendix A.
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2.3. Cycle-by-Cycle Analysis of GAS-T and ArmA Active Function Scores

The next step of this evaluation was a cycle-by-cycle analysis (at the population level)
of mean goal attainment and ArmA active function scores for all the patients who had a
goal related to active function in any cycle, across the eight cycles, and a contemporaneous
ArmA active function score. Only three patients had ArmA active function scores for
seven or more cycles and so data are only included up to cycle 6.

Figure 3 summarizes the mean (95% bootstrapped CI) before and after and the change
in scores for (a) the GAS T-score and (b) the ArmA active function for each cycle. (The
values and paired t-tests are given in Table A2 in Appendix A.)

GAS T scores

O Start
EEnd
B Change

Cycle 1 n=200 Cycle 2 n=72 Cycle 3 n=52 Cycle 4 n=22 Cycle 5 n=12 Cycle 6 n=6

(@)

ArmA Active Function Scores

Cycle 1 n=200 Cycle 2 n=72 Cycle 3 n=52 Cycle 4 n=22 Cycle 5 n=12 Cycle 6 nJG

O Start
@End
B Change

a (Na 8= UH. DN

Ey T

(b)

Figure 3. (a,b): These figures show the mean (95% CI) GAS T-scores and ArmA active function scores
for all the patients who had an active function-related goal in any cycle, before and after injection,
and the change in scores for each cycle. (a) GAS T-scores for overall active function goal attainment
across each cycle. Note: GAS = Goal Attainment Scaling. (b) ArmA active function scores across each
cycle. Note: A reduction in ArmA score is a positive change.
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Figure 3a,b show a significant increase in GAS T-score between the start and end of each
cycle (i.e., before and after injection) up to cycle 6 (p < 0.001), with change scores ranging
from 8.8 to 12.1. There was a significant reduction in ArmA score across the first three cycles
(p < 0.001), with change scores ranging from 2.7 to 4.2, suggesting that patients may continue
to derive overall benefit in terms of active function and goal attainment for at least three cycles
of treatment. After three cycles the numbers become too small for statistical analysis. There
was no clear trend in the magnitude of change scores across successive cycles.

2.4. Serial Changes in Reported Active Function (ArmA) Severity by Number of Cycles

To more directly explore the effects of repeated injection, changes in reported active
function across cycles were examined by the number of injection cycles with an ArmA
active score recorded. Patients were divided into two ‘cycle frequency’ groups: Group 1
had 1-2 cycles only and Group 2 had 34 cycles.

The demographics for these two groups are given in Table A2 in Appendix A. The
only significant between-group difference was that Group 2 (i.e., those with more frequent
injections) contained more patients with regional spasticity (as opposed to focal spasticity).
The trend towards more severe distal spasticity in this group did not reach significance.

On simple visual inspection, the line graphs in Figure 4 suggested a general reduction
in ArmA active function scores over successive cycles to cycle 3, both for the start and end
cycle scores, suggesting some cumulative effect on improvement in active function. We
therefore went on to examine cumulative changes using mixed linear models.

ArmaA Passive Score

45

40

35

30

25

ArmA Active Function Scores by Cycle - Means for groups 1 and 2 super-imposed

e Group 2

e Group 1

&
& ¢ ¢ <
©) ©) G

Figure 4. Presents line graphs of the mean ArmA active function scores by cycle (both before and
after BONT-A injection) for the two cycle frequency groups (the mean and 95% CI values are given in
Table A3).

2.5. Mixed Linear Models for Cycle and Start Versus End Measurement Effects

Whether the differences between the end and start of the cycle measurements differed
in relation to cycles was tested by an interaction term between cycle and measurement
time. In both models with different variance—covariance matrix structures for repeated
measurements there was no evidence that the difference between end and start of cycle
differed in relation to cycle, p = 0.40 for an unstructured variance-covariance matrix and
p = 0.36 for the exponential-in-time model, with the latter favored because of a smaller AIC.

In the main effects models without an interaction term there was no evidence with
either model that ArmA scores varied by cycle. Table 3 shows estimates for cycle differ-
ences using cycle 1 as the reference. Note that the relevant p-value for the effect of the
cycle was not important even if individual cycle comparisons appeared to be different,
e.g., cycle 3 minus cycle 1.
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Table 3. Mixed effects models for cycle for variation in ArmA scores by cycle over 4 cycles.

Model 1: Unstructured Variance Covariance Matrix p-value
Overall: For effect of cycle 0.20
Estimate (95% CI)
Cycle 2 minus 1 —1.55 (—3.77 to 0.66) 0.17
Cycle 3 minus 1 —2.54 (—4.95 to —0.13) 0.039
Cycle 4 minus 1 —1.08 (—=3.72 to 1.57) 0.42
Model 2: Exponential-in-time variance covariance matrix p-value
Overall: For effect of cycle 0.23
Estimate (95% CI)
Cycle 2 minus 1 —1.75 (—4.00 to 0.50) 0.13
Cycle 3 minus 1 —2.31 (—4.76 t0 0.13) 0.064
Cycle 4 minus 1 —1.13 (—3.78 to 1.52) 0.40

The confidence intervals for the comparisons were wide in relation to the end of cycle
versus start of cycle measurements, as shown below; therefore, due to small number of
patients with ArmA active function scores in the individual cycles, a type II error may
be present.

However, Table 4 reports the main effect of end versus start after adjustment for cycle
in the main effects models. There was strong evidence that ArmA values were lower at the
end than at the start by a little over 2.5 points representing an improvement.

Table 4. Mixed effects models for cycle for variation in ArmA scores without an interaction term.

End Minus Start Estimate (95% CI) p-Value
Model 1: Unstructured variance covariance matrix —2.88 (—3.66, —2.10) <0.0001
Model 2: Exponential-in-time variance covariance matrix —2.68 (—3.44, —1.93) <0.0001

2.6. Predictors of ArmA Active Function Scores

Because of the small number of patients with ArmA scores in cycle 2, it was difficult
to capture predictors of improvement in active function across repeated cycles for the
86 patients who had paired ArmA active function scores between the start of cycle 1 and
the end of cycle 3. The mean change in ArmA active function score over this period
was 4.7 (SD 9.4; 95% CI1 2.7, 6.7. t = 4.6, p < 0.001). Univariate analyses of patient- and
treatment-related factors are shown in Tables A4 and A5.

For the univariate associations between the change in ArmA score from the start of
cycle 1 to the end of cycle 3 and patient-related characteristics, there was no evidence of an
association with age group, acquired brain injury versus not, stroke brain injury versus not,
focal versus regional spasticity, severe weakness at baseline, impaired sensation at baseline,
contractures present at baseline or time since onset of injury (refer to Table A6 for additional
information). There was weak evidence of an association between previous injection with
BoNT-A for ULS and the severity of spasticity at baseline (especially proximal spasticity) as
measured by the composite MAS. However, none of these associations were evident when
tested with mixed effects models.

With respect to treatment-related characteristics, there was no evidence of an associa-
tion with use of injection guidance, the number of muscles injected, or the dose of BONT-A
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used. In addition, there were no significant differences between any of the three BONT-A
agents used.

3. Discussion

The present analysis provides further insight into the long-term management of active
upper limb dysfunction in patients receiving repeated BoONT-A treatment within routine
clinical practice over a 2-year period. Among the 953 patients enrolled in ULIS-III, approxi-
mately one-third (286 patients) identified active function as a treatment goal at some point
during their treatment. These patients continued to show a significant response in terms of
both goal attainment up to at least seven injection cycles and in terms of improvement in
active function (as measured by the Arm active function score) up to three cycles. Interpre-
tation of outcomes beyond cycle 3 should be approached with caution because the number
of participants decreased substantially with subsequent cycles, increasing the possibility of
a type Il error.

Despite the gradual reduction in the number of active function goals set, the per-
centage of goals related to active function remained roughly similar (42-47%) across the
first seven cycles. Moreover, goal attainment rates increased across successive treatment
cycles. This may suggest a refinement of goal setting and treatment expectations over time,
leading to better alignment between therapeutic objectives and achievable outcomes. Yet,
decreasing patient numbers across treatment cycles limits the strength of these conclusions
regarding long-term effects and should be considered when interpreting these findings.

3.1. Response to Repeated Injections

Overall goal attainment scores changed from the start to the end of each cycle by
>10 (the minimally important clinical difference) in seven cycles.

Clinically significant improvement in active function as measured by the ArmA was
seen between the start and end of each cycle (i.e., before and after injection), which remained
significant across the first three cycles, confirming that patients continued to derive overall
benefits in active function for at least three cycles of treatment [50,51]. Beyond cycle 4, the
numbers become too small for statistical analysis, but the mean change from the start of
cycle 1 to the end of cycle 3 was 4.7 (95% CI 2.7, 6.7) which is well within the range for a
minimally important clinical difference for ArmA (1.1-2.5) [52].

Goals for active function are primarily focused on using the affected upper limb in
tasks involving grasping and releasing objects, holding/stabilizing an object for in bimanual
function, fine dexterity or manipulation of objects, reaching, and occasionally lifting and
carrying. All of these elements of body function featured to a greater or less extent in the
goals set in this evaluation [53,54].

The total intervention is often complex with injection of botulinum toxin only being
part of a number of interventions provided [55,56]. Other elements of intervention are
likely to include strengthening and task-practice as components of physical therapy over
time [23]. As such, the expectation will be that repeat injection is likely to be required to
maintain the benefits initially achieved.

3.2. Serial Changes in Severity

Overall, in the two groups, Group 1 (1-2 cycles only) and Group 2 (3—4 cycles only)
which were used to further explore serial change, a trend towards an average reduction
in ArmA active function over successive cycles was identified (both at the start of the
new cycle and again at the end of that cycle), with reductions in absolute values visible
at the start and end of each cycle. This serial reduction suggests that there might be
some cumulative effect on improvement in active function. While our analysis may not
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take into account all possible covariates, it is likely that over time, even though spasticity
increases again as the botulinum toxin effect reduces, active function may become easier.
The potential mechanism of action for this change is in both the potential stabilization of
spasticity over time [57] and the effect of interventions such as task-practice as well as other
interventions, such as splinting and positioning, providing an ongoing stretch of muscle
and other structures acting across the joints involved to maintain range of movement and
ease of use of the limb. For the multiple tests involved, p-values were adjusted, using the
Holm-Bonferroni method, on a case-by-case basis for each analysis.

3.3. Patient-Related Predictors of Active Function Improvement and the Frequency of Injection

As noted, goals incorporating active function are primarily focused on using the
affected upper limb for activities which have task components incorporating grasping and
releasing objects, holding/stabilizing an object for use in bimanual function, fine dexter-
ity or manipulation of objects, reaching, and occasionally lifting and carrying [9,26,35].
However, these components on their own are not sufficient to complete an activity. For
example, the activity might be to cook a meal, and another activity might be then to
eat that meal. There are multiple complex components to these activities, which have
multiple task elements within them, which are not all about motor control or motor plan-
ning [23,30,58]. Taking the motor planning element alone, this is still much more complex
than only manipulation of objects or reaching. This complexity, and the need for training
these different elements once spasticity has been reduced, is likely to be a major reason
why active function improvement is seen in a smaller subgroup of patients undergoing
spasticity treatment [59-62].

In our cohort there is also the risk that the failure to demonstrate associations and
trends at a statistical level may represent a type II error, where changes are small, but have
occurred, or (most plausible) changes are occurring but emerge gradually with successive
treatment and continued task-practice of rehabilitation-defined practice tasks for active
function improvement.

3.4. Comparison of Findings with Other Studies

There are clear precedents for training of motor function in general, which also em-
phasize the complexity and dosages of training needed [59,60]. In our study, in real-life
routine practice, these elements were not considered and are known to be variable in
clinical rehabilitation settings. There are, however, good examples of incorporation of task
training into spasticity management using botulinum toxin injection as a component of
management [23,30,35,58,63,64]; these approaches need to be further incorporated into
routine practice to optimize active function goal attainment and functional progression.

3.5. Important Messages for Clinicians Managing Upper Limb Spasticity

Measurable improvements in active function were achieved with repeated injections
of BoNT-A up to at least three cycles.

Management of spasticity with the goal of active function improvement needs to
incorporate task training to maximize optimal goal attainment.

3.6. Strengths and Limitations

The authors acknowledge a number of strengths and limitations of the overall study.

1. Strengths include the large sample size, taken from real-life clinical practice with
broad international representation, including with multiple etiologies and all BONT-A
products, giving generalizability to the findings.
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2. However, although there were over 1000 patients enrolled in the overall study, less
than a third of the patients had a goal for improvement in active function, and the
number of AF goals set decreased over successive cycles, becoming too small for
analysis. The failure to demonstrate associations and trends at a statistical level may
well represent a type II error due to small numbers and a larger study would be
required to confirm the absence of association.

3. The observational design introduces inherent limitations of the study. The absence of
a control group precludes causal inference, while variation in site participation across
countries may affect representativeness. Potential sources of bias include differences
in clinician expertise, injector practices, treatment decision-making, and external
prescribing restrictions that may influence the frequency of treatment.

4. Given the observational design, the reasons for treatment discontinuation are un-
known, which may represent a degree of attrition bias. Patients who experienced
greater clinical benefit may have been more likely to continue treatment and remain
available for follow-up. While our findings suggest continued goal attainment among
patients who remain on treatment, they do not definitively demonstrate a cumulative
functional benefit of repeated BoONT-A injection. Further studies are needed to validate
this observation.

5. The ULIS-II study was conducted in real-life practice and spasticity-related limitation
in active function may be multifactorial.

6.  The ULIS-III study has provided a large and valuable dataset for post hoc analyses.
The greater the extent of the post hoc analysis, the more risk there is of introducing
statistical error through multiple tests. In this study, we have explored in some detail
the impact of patient- and treatment-related characteristics, but there may be other
characteristics that have not yet been explored

4. Conclusions

The limitations in these analyses are acknowledged. However, findings demonstrate
that improvement in active function is a clear goal for treatment with BoONT-A in arm
spasticity and that repeated injections over a 2-year period continue to produce significant
improvement in active function over at least three cycles regardless of factors such as age,
etiology of injury, time since onset, distribution of spasticity, or factors such as dose or
BoNT-A agent. Importantly, improvement in active function should be viewed within
the context of a comprehensive rehabilitation program, in which BONT-A serves as one
component of a broader strategy to reduce spasticity and facilitate functional recovery [16].

5. Materials and Methods
5.1. Study Design and Participants

This is a retrospective secondary analysis of data collected from the ULIS-III study
(NCT02454803). Full details of the methodology have been previously described [46,65].

In brief, ULIS-III was an international observational, prospective, longitudinal cohort
study following patients with upper limb spasticity over 2 years, treated through integrated
programs incorporating BoNT-A injections and physical management as delivered in real-
life clinical practice. It was conducted in 58 centers, across 14 countries and four continents.

Specialist centers recruited up to 30 consecutive patients (>18 years old) in whom a
decision had been made to treat upper limb spasticity with BoNT-A. Patients received any
licensed BoNT-A formulation according to local regulatory approval and routine practice.

Treatment was goal-directed, and patients could change their primary and/or sec-
ondary goals at the start of each treatment cycle. Ethical approval and written informed
consent for the collection of anonymized data were obtained where required.
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5.2. Outcome Assessment and Measures

Patients were assessed at baseline and follow-up visits throughout the study using
the Upper Limb Spasticity Index (ULSI). This records GAS alongside a limited set of
standardized measures, selected specifically according to the priority treatment goal area(s)
for each cycle.

Treatment goals were captured using the Goal Attainment Scaling Evaluation of
Outcome for Upper Limb Spasticity (GAS-eous) Tool [65]. Up to three goals (one primary
and two secondary) could be set per cycle. Goal attainment was converted to a GAS T-score
using the GAS-light method. The GAS-T formula is designed such that, if goals are achieved
as expected, the mean GAS T-score will be 50 (SD +/ — 10) [39]. A change of 10 points is
considered the minimal clinically important difference in spasticity management [33].

Of the 953 patients in the effectiveness population, this secondary analysis focused on
those patients who identified active function as a treatment goal during at least one study
cycle. The standardized measure for active function was ArmA [52,66].

5.3. Statistical Analysis

Patients were included in the “active function subgroup’ if they had at least one active
function goal (primary or secondary) during any treatment cycle. A cycle is defined as the
before- and after-assessment periods of each injection of BONT-A, resulting in two visits
per cycle.

Because ULIS-III was an observational cohort study reflecting real-life practice, active
function-related goals and corresponding ArmA assessments were not necessarily recorded
at every cycle, creating challenges for longitudinal analysis. An initial exploratory descrip-
tive and visual analysis was performed/undertaken to examine trends in the data before
applying more sophisticated statistical analysis.

Previous analyses have demonstrated that patients received between one and eight cy-
cles during the study. However, very few patients with active function goals had 7-8 cycles
(n=3and n =2 respectively), so analyses were limited to the first four cycles. To explore any
differences between patients who required ‘more frequent’ versus ‘less frequent” injections
for active function-related goals, patients were stratified based on the maximum number of
injections received (cycle frequency) during the 2-year period: Group 1 only had 1-2 cycles
and Group 2 had 34 cycles.

No outliers were removed nor were any transformations made to the original variables.
Missing data were not imputed and p-values in this study were adjusted to control for
multiple comparisons within each set of analyses, using the Holm—Bonferroni method [67].
Analysis of the data was completed in SAS (version 9.4).

The primary aim of this study was to evaluate changes in GAS T-scores and ArmA
active function scores over repeated treatment cycles in patients whose treatment goals
included the improvement of active function. Mean scores before and after each cycle and
change scores for each cycle were calculated with 95% bootstrapped confidence intervals
(CIs) based on 1000 samples and were compared using paired t-tests, stratified by cycle
frequency group.

Two modeling approaches were used to identify univariate associations between
ArmA active function scores and potential predictors of these. First, the difference between
the end of treatment assessment in cycle 3 and the start of treatment assessment in cycle 1 (as
an overall baseline measurement) was directly modeled using f-tests, linear regression and
correlation coefficients. Second, mixed linear modeling was used to account for repeated
measurements across cycles. Associations for categorical predictors were expressed as
differences in ArmA scores between categories while continuous predictors were expressed
as regression coefficients per unit increase.

https://doi.org/10.3390/toxins18100429


https://doi.org/10.3390/toxins18100429

Toxins 2026, 18, 429

13 of 22

A mixed effects model was used to examine variables that predicted ArmA active
function scores (at the start and end of each cycle, separately) while controlling for their
confounding effect. The observations represented participants and cycle number, as opposed
to participants alone. Because this study had an AB design, with a maximum of six cycles,
the observations in the data do not fulfil the independence assumption. We controlled for
dependency between observations over time by including a random effect term for each
individual. Using a model by cycle and person provided more power in detecting significant
differences between the predictor variables and response variables in this study [68].

Based on experience from previous analyses, candidate predictive patient-related
factors for active function reduction might include age, gender, chronicity of spasticity,
previous treatment with BONT-A, severity and distribution of spasticity (as measured by
the composite MAS for the proximal (elbow and shoulder) [46] and distal (hand, wrist
and finger) muscles, and the total number of treatment cycles. We also hypothesized
that intervention-related factors may include the number of muscles injected, anatomical
distribution of injections, the total dose and the use of injection guidance techniques
(e.g., electromyography, nerve stimulation, or ultrasound). Because different preparations
of BONT-A were used (Abobotulinum Toxin, Incobotulinum Toxin, and Onabotulinum
Toxin), which have different units, the total dose used was expressed as a proportion of the
maximum recommended dose for each formulation.
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Appendix A. Additional Tables

Table A1l. The number and percentage of active function goal subcategories across the cycles.

Goal Subcategory Cycle 1 (%) Cycle 2 (%) Cycle 3 (%) Cycle 4(%) Cycle 5 (%) Cycle 6 (%) Cycle 7(%) Cycle 8 (%) Total No. (%)
Reaching 41 (16) 24 (13) 17 (10) 9(8) 16 (20) 9 (20) 5(19) 0(0) 121 (14)
Grasp /release/grip 102 (40) 69 (38) 73 (45) 48 (42) 27 (33) 17 (38) 14 (52) 5(100) 355 (41)
Holding/bimanual function 56 (22) 49 (27) 42 (26) 28 (25) 24 (29) 11 ( 4 (15) 0(0) 214 (24)
Manipulating objects 23 (9) 18 (10) 17 (10) 13 (11) 8 (10) 4( 3(11) 0(0) 86 (10)
Dexterity / fine motor 27 (11) 23 (13) 14 (9) 16 (14) 6 (7) 3( 14) 0 (0) 90 (10)
Lifting/carrying 5(2) 1(1) 0 (0) 1(1) 1( 0(0) 0 (0) 8(1)
Total N 255 184 114 82 45 27 5 875
Table A2. GAS T-scores and ArmA scores across the cycles for patients with an active function goal in that cycle.
Start of Cycle End of Cycle Change Paired t-Tests
95% CI 95% CI 95% CI One-Sided
Cycle N= Mean (SD) Lower Upper Mean (SD) Lower, Upper Mean (SD) Lower Upper t df p-Value
GAS
T-scores
1 200 35.6 4.2) 35.0, 36.2 47.6 8.2) 46.5, 48.7 12.0 8.2) 109, 13.2 —11.6 199 <0.001
2 72 36.9 (3.7) 36.0, 37.7 47.4 (8.5) 454, 49.4 10.5 (8.9 8.4, 12.6 —-10.6 71 <0.001
3 52 36.8 (34) 35.8, 37.7 48.0 (6.3) 46.3, 49.8 11.3 (6.2) 9.6, 13.0 -8.1 51 <0.001
4 22 36.3 (4.6) 344, 38.3 46.5 (11.2) 4138, 51.2 10.1 (10.5) 5.7, 145 —-9.4 21 <0.001
5 12 37.2 (3.6) 35.2, 39.3 46.1 (7.4) 41.9, 50.2 8.8 (7.0) 4.8, 12.8 —8.3 11 <0.001
6 6 35.0 (6.1) 30.9, 39.1 45.0 (9.6) 37.3, 52.6 10.0 (6.8) 4.5, 154 —11.0 14 <0.001
ArmA active scores
1 200 39.8 (10.5) 384, 413 36.7 (11.2) 35.1, 38.2 3.2 (7.3) 2.1, 42 6.1 199 <0.001
2 72 38.3 9.5) 36.1, 40.5 35.6 (10.9) 33.1, 38.1 2.7 (6.9) 1.0, 43 3.2 71 <0.001
3 52 35.3 (11.8) 321, 38.5 31.2 (13.0) 27.7, 34.7 41 (8.9) 1.6, 6.5 33 51 <0.001
4 22 34.5 (12.8) 29.2, 39.8 33.4 (14.1) 27.5, 39.3 1.1 (7.9) —24, 4.6 0.6 21 0.262
5 12 415 (6.3) 37.9, 451 41.6 (5.2) 38.7, 445 —0.1 (3.6) —24, 22 0.1 11 0.469
6 6 40.0 (8.1) 33.5, 46.5 36.2 (7.6) 30.1, 42.2 3.8 4.7 -11, 8.7 2.0 14 0.050

t = t-test statistic; df = degrees of freedom; p = p-value; GAS = Goal Attainment Scaling.
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Table A3. Demographics for each of the three cycle frequency groups.

Group 1 Group 2 .
N =82 N = 100 o(gg; Ig‘lt)“’ p-Value
(%) (%) ’
Demographic
Sex—n (%) 1.15 0.654
Male 49 (60) 63 (63) 0.6,2.1)
Female 33 (40) 37 (37)
Age—n (%)
<60 years 57 (70) 74 (74) 0.80 0.502
>60 25 (30) 26 (26) (0.41, 1.5)
Type of injury—n (%)
Acquired brain injury 71 (87) 95 (95) 2.9 0.460
Non-brain injury 11 (13) 5 (5) 1.0, 8.9
Etiology of acquired brain injury—n (%) 0.222
Vascular (stroke) 63 (77) 84 (84) 1.6
Non-vascular 19 (23) 16 (16) (0.76, 3.32)
Previous injections with BoONT-A for upper limb spasticity—n (%) 0.063
No (Naive) 40 (49) 35 (35) 1.77
Yes (Non-Naive) 42 (51) 65 (65) (0.97,3.2)
Distribution of spasticity—n (%)
Focal 26 (32) 18 (18) 2.1 0.032
Regional 56 (68) 82 (82) (1.1,4.2)
Baseline spasticity scores Mean 95% CI Mean 95% CI t-test
Proximal composite MAS 33 (2.9, 3.6) 3.6 (3.3,3.8) —1.24 0.212
Distal composite MAS 4.8 (4.2,5.4) 5.5 (5.0, 6.0) —1.94 0.055
Time since onset of injury
Years—Mean (95% CI) 7.5 (5.0,9.9) 6.6 (5.0,8.1) 0.611 0.271

CI = confidence interval, MAS = Modified Ashworth Scale; p-value—Pearson Chi square.
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Table A4. Mean GAS T-scores and Arma active function scores by cycle frequency group with 95% bootstrapped Cls.
Group 1 (n = 82) Group 2 (n =100)
Before After Before After
Cycle N Mean (SD) 95% CI N Mean (SD) 95% CI N Mean (SD) 95% CI N Mean (SD) 95% CI
GAS T-scores
1 82 35.6 (4.5) 34.6,36.5 79 46.9 (9.0) 44.8,48.9 100 36.4 (3.5) 35.7,37.1 100 48.9 (8.3) 47.3,50.4
2 50 37.8 (3.0) 36.8, 38.6 37 47.6 (8.8) 44.8,50.3 100 37.6 (3.4) 36.9, 38.2 99 49.4 (8.0) 47.9,51.0
3 100 37.8 (2.9) 37.2,38.3 100 50.2 (6.3) 49.0,51.4
4 63 37.7 (3.10) 36.9,38.4 54 50.1 (5.7) 48.7,51.6
Arma active scores
1 72 40.8 (11.4) 37.9,43.4 67 37.0 (11.8) 34.0, 39.6 63 39.9 (10.4) 37.3,42.4 60 37.4 (10.9) 34.7,40.0
2 16 38.9 (12.7) 32.1,44.5 20 36.8 (12.2) 31.3,42.1 32 37.7 (9.3) 34.4,40.8 49 34.1 (11.0) 31.0,37.5
3 36 35.9 (12.4) 31.8,39.7 54 30.9 (12.7) 27.7,34.4
4 14 32.1(13.8) 24.8,38.9 26 32.0 (13.5) 26.6,37.0
Table A5. Within-group comparisons of ARMA active scores for 86 patients completing three cycles of ULIS: dichotomous variables.
Change in ARMA Active Score Model 1: Unstructured Variance Covariance Model 2: Exponential-in-Time Variance Covariance
(A = End Cycle 3—Start Cycle 1) (N = 86) Matrix Matrix
. _ Difference Least Squares Difference Least Squares Difference
Variable N= Mean (SD) (95% CI) P Mean (SE) (95% CI) P Mean (SE) (95% CI) P
PATIENT CHARACTERISTICS
Gender Overall: 0.35 Overall: 0.34
Male 50 —6.32 (9.56) 3.90 0.056 —6.59 (1.67) —2.19 0.40 —6.16 (1.70) —2.26 0.39
Female 36 —2.42 (8.71) (—0.10,7.91) : —4.41 (1.98) (=7.29,2.91) : —3.91 (1.96) (=7.9,2.88) :
Age Group
<60 year 66 —4.38 (8.11) -1.32 —5.29 (1.46) -1.92 0.53 —5.0 (1.46) —-1.07 0.73
60+ 20 —5.7 (12.9) (—6.10, 3.45) 0.58 —7.21 (2.65) (—7.86,4.03) : —6.08 (2.73) (—7.18,5.02) :
Previous BoNT-A Overall: 0.94 Overall: 0.91
Yes 68 —3.56 (9.52) 5.39 —4.41 (1.49) 5.63 —4.19 (1.50) 4.57
No 18 894 (759)  (0.56,10.2) 0.029 ~10.0 (2.50) (—0.09, 11.4) 0.054 —8.75 (2.55) (—1.26,10.4) 0.12
ABI/Other Overall: 0.64 Overall: 0.67
ABI 78 —4.87 (9.61) -2.0 0.57 —6.13 (1.34) —4.70 0.30 —5.60 (1.36) —4.17 0.35
Not ABI 8 —2.88 (6.71) (—8.94,4.94) ’ —1.43 (4.30) (—13.6,4.17) : —1.43 (4.27) (—13.0,4.65) :
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Table A5. Cont.

Change in ARMA Active Score

Model 1: Unstructured Variance Covariance

Model 2: Exponential-in-Time Variance Covariance

(A = End Cycle 3—Start Cycle 1) (N = 86) Matrix Matrix
. _ Difference Least Squares Difference Least Squares Difference
Variable N= Mean (SD) (95% CI) P Mean (SE) (95% CI) P Mean (SE) (95% CI) P

Etiology Overall: 0.73 Overall: 0.69
Vascular (stroke) 66 —4.74 (10.3) 0.24 092 —7.09 (1.44) —5.89 (—11.9 0,056 —6.33 (1.46) —4.66 014

Not vascular 20 —4.50 (5.74) (—4.54, 5.03) . —1.20 (2.72) to 0.16) : —1.67 (2.76) (—10.8, 1.48) .
Focal/Regional Overall: 0.17 Overall: 0.28
Regional ULS 58 —5.03 (9.49) ~1.07 0.62 —6.22 (1.49) ~1.52 0.60 —5.64 (1.50) —-1.27 066

Focal ULS 28 —3.96 (9.24) (—5.38, 3.24) —4.70 (2.47) (—7.18, 4.16) : —4.37 (2.47) (=7.0,4.43) :
Baseline Weakness Overall: 0.68 Overall: 0.69
Severe 11 —1.00 (5.22) 4.08 0.18 —0.71 (2.89) 5.49 0.086 —0.71 (2.86) 5.02 011

Not 74 —5.08 (9.72) (—1.89,10.1) : —6.21 (1.33) (—0.78,11.8) : —5.74 (1.34) (-1.19 to 11.2) :
Impaired Sensation Overall: 0.33 Overall: 0.54
Yes 42 —3.14 (9.24) 2.78 017 —4.87 (1.86) 1.15 0.65 —4.72 (1.88) 0.51 0.84

No 43 —5.93 (9.34) (—1.22, 6.80) : —3.04 (1.78) (—3.92,6.22) : —5.23 (1.80) (—4.60, 5.63) :
Contractures Overall: 0.31 Overall: 0.16
Yes 61 —3.93 (10.3) —2.19 0.33 —4.75 (1.46) 3.14 0.28 —4.38 (1.48) 2.62 037

No 24 —6.13 (6.29) (2.28, 6.67) —7.89 (2.47) (—2.51, 8.79) : ~7.0 (2.51) (—3.11, 8.35) :

TREATMENT CHARACTERISTICS

Injection Guidance Cycle 1 Overall: 0.56 Overall: 0.66
Yes 77 —4.68 (9.35) —0.57 0.87 —4.51 (1.43) 6.28 0.071 —4.52 (1.42) 1.95 0.60

No 8 ~525(10.7)  (—6.42,7.57) —10.8 (3.16) (—0.55,13.1) : —6.47 (3.42) (—5.35,9.25) .
Injection Guidance Used in Center Overall: 0.25 Overall: 0.79
Yes —4.36 (9.26) 5.64 0.19 —4.62 (1.36) 10.7 001 —4.63 (1.37) 4.79 031

No ~10.0 (10.7)  (—2.91,14.2) —15.3 (3.86) (2.62,18.7) . —9.42 (4.51) (—4.51,14.1) :
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Table A6. Within-group comparisons of ARMA active scores for 86 patients completing three cycles of ULIS: continuous variables.
Change in ARMA Active Score Model 1 M0f1e1 .2: .
(A = End Cycle 3 — Start Cycle 1) (N = 86) Unstructured Exponential-in-Time
Variance Covariance Matrix Variance Covariance Matrix
. _ Pearson’s o g o p o p
Variable N= Correlation Slope (95% CI) p-Value Slope (95% CI) Value Slope (95% CI) Value
PATIENT CHARACTERISTICS
Spasticity at baseline: Slope (95% CI) 0.35 Slope (95% CI)
MAS total score 81 —0.24 —0.78 (—1.49,0.07) 0.032 0.67 (—1.56,0.22) 0.14 0.13 (—0.69, 0.95) 0.75
MAS distal score 81 —0.11 —0.46 (—1.38,0.46) 0.032 -* - - 0.05 (—1.03,1.13)
MAS proximal score 83 —0.31 —2.16 (:03'761(;’ 0.004 —1.85 (—3.78,0.072) 0.06 —0.25 (—1.94, 1.445) 0.78
Duration
Time since onset 84 0.10 0.083 (—0.10,0.27) 0.37 0.11 (—0.26, 0.49) 0.48 0.065 (—0.40, 0.53) 0.78
TREATMENT CHARACTERISTICS
No muscles injected
Muscle count 85 —0.032 —0.13 (—1.07,0.80) 0.77 —0.22 (—1.05,1.48) 0.74 —-0.17 (—1.40, 1.06) 0.79
BoNT-A dose
Proportion max dose 85 —0.054 —0.022 (—0.11, 0.07) 0.62 - - 0.025 (—0.094, 0.14) 0.68

* Model could not be fitted; CIs = confidence intervals; MAS = Modified Ashworth Scale; BONT-A = botulinum toxin A.

https://doi.org/10.3390/toxins18100429


https://doi.org/10.3390/toxins18100429

Toxins 2026, 18, 429 19 of 22

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Pandyan, A.D.; Gregoric, M.; Barnes, M.P.; Wood, D.; Van Wijck, E,; Burridge, J.; Hermens, H.; Johnson, G.R. Spasticity: Clinical
perceptions, neurological realities and meaningful measurement. Disabil. Rehabil. 2005, 27, 2-6. [CrossRef]

Pandyan, A.D.; Johnson, G.R,; Price, C.I.; Curless, R.H.; Barnes, M.P.; Rodgers, H. A review of the properties and limitations of
the Ashworth and modified Ashworth Scales as measures of spasticity. Clin. Rehabil. 1999, 13, 373-383. [CrossRef]

Elovic, E.P,; Brashear, A.; Kaelin, D.; Liu, J.; Millis, S.R.; Barron, R.; Turkel, C. Repeated treatments with botulinum toxin type a
produce sustained decreases in the limitations associated with focal upper-limb poststroke spasticity for caregivers and patients.
Arch. Phys. Med. Rehabil. 2008, 89, 799-806. [CrossRef]

Sheean, G.; McGuire, ].R. Spastic hypertonia and movement disorders: Pathophysiology, clinical presentation, and quantification.
PM R 2009, 1, 827-833. [CrossRef]

Gracies, ].M.; Brashear, A.; Jech, R.; McAllister, P.; Banach, M.; Valkovic, P.; Walker, H.; Marciniak, C.; Deltombe, T.; Skoromets, A.;
et al. Safety and efficacy of abobotulinumtoxinA for hemiparesis in adults with upper limb spasticity after stroke or traumatic
brain injury: A double-blind randomised controlled trial. Lancet Neurol. 2015, 14, 992-1001. [CrossRef]

Elovic, E.P.; Munin, M.C.; Kanovsky, P.; Hanschmann, A.; Hiersemenzel, R.; Marciniak, C. Randomized, placebo-controlled trial
of incobotulinumtoxina for upper-limb post-stroke spasticity. Muscle Nerve 2016, 53, 415—421. [CrossRef]

Watkins, C.L.; Leathley, M.].; Gregson, ].M.; Moore, A.P.; Smith, T.L.; Sharma, A K. Prevalence of spasticity post stroke. Clin.
Rehabil. 2002, 16, 515-522. [CrossRef]

Ashford, S.; Turner-Stokes, L. Goal attainment for spasticity management using botulinum toxin. Physiother. Res. Int. 2006, 11,
24-34. [CrossRef]

Andringa, A.; van de Port, I.; van Wegen, E.; Ket, ].; Meskers, C.; Kwakkel, G. Effectiveness of Botulinum Toxin Treatment for
Upper Limb Spasticity Poststroke over Different ICF Domains: A Systematic Review and Meta-Analysis. Arch. Phys. Med. Rehabil.
2019, 100, 1703-1725. [CrossRef]

Riberto, M.; Frances, J.A.; Chueire, R.; Amorim, A.; Xerez, D.; Chung, TM.; Mercuri, LH.C.; Lianza, S.; Rocha, E.C.M,;
Maisonobe, P; et al. Post Hoc Subgroup Analysis of the BCause Study Assessing the Effect of AbobotulinumtoxinA on Post-
Stroke Shoulder Pain in Adults. Toxins 2022, 14, 809. [CrossRef]

Rodgers, H.; Shaw, L.; Price, C.; van Wijck, F.; Barnes, M.; Graham, L.; Ford, G.; Shackley, P.; Steen, N. Study design and methods
of the BoTULS trial: A randomised controlled trial to evaluate the clinical effect and cost effectiveness of treating upper limb
spasticity due to stroke with botulinum toxin type A. Trials 2008, 9, 59. [CrossRef]

Chartered Society of Physiotherapy. Practice Guidance for Physiotherapists Using Point of Care Ultrasound (POCUS) in Physio-
therapy Practice—PD0139. 2022. Available online: https://www.csp.org.uk/publications/practice-guidance-physiotherapists-
using-point-care-ultrasound-pocus-physiotherapy (accessed on 29 September 2026).

Picelli, A.; Bonetti, P; Fontana, C.; Barausse, M.; Dambruoso, F; Gajofatto, F; Tamburin, S.; Girardi, P.; Gimigliano, R.; Smania, N.
Accuracy of botulinum toxin type A injection into the gastrocnemius muscle of adults with spastic equinus: Manual needle
placement and electrical stimulation guidance compared using ultrasonography. J. Rehabil. Med. 2012, 44, 450-452. [CrossRef]
Picelli, A.; Filippetti, M.; Sandrini, G.; Tassorelli, C.; De Icco, R.; Samania, N.; Tamburin, S. Electrical Stimulation of Injected Muscles to
Boost Botulinum Toxin Effect on Spasticity: Rationale, Systematic Review and State of the Art. Toxins 2021, 13, 303. [CrossRef]
Picelli, A.; Roncari, L.; Baldessarelli, S.; Berto, G.; Lobba, D.; Santamato, A.; Fiore, P.; Smania, N. Accuracy of botulinum toxin
type A injection into the forearm muscles of chronic stroke patients with spastic flexed wrist and clenched fist: Manual needle
placement evaluated using ultrasonography. J. Rehabil. Med. 2014, 46, 1042-1045. [CrossRef]

Picelli, A.; Santamato, A.; Cosma, M.; Baricich, A.; Chisari, C.; Millevolte, M.; Prete, C.D.; Mazzu, I.; Girardi, P.; Smania, N. Early
Botulinum Toxin Type A Injection for Post-Stroke Spasticity: A Longitudinal Cohort Study. Toxins 2021, 13, 374. [CrossRef]
Wissel, J.; Ward, A.B.; Erztgaard, P.; Bensmail, D.; Hecht, M.].; Lejeune, T.M.; Schnider, P; Altavista, M.C.; Cavazza, S.;
Deltombe, T.; et al. European consensus table on the use of botulinum toxin type A in adult spasticity. . Rehabil. Med. 2009, 41,
13-25. [CrossRef]

Simpson, D.M.; Hallett, M.; Ashman, E.J.; Comella, C.L.; Green, M.W.; Gronseth, G.S.; Armstrong, M.].; Gloss, D.; Potrebic, S.;
Jankovic, J.; et al. Practice guideline update summary: Botulinum neurotoxin for the treatment of blepharospasm, cervical
dystonia, adult spasticity, and headache: Report of the Guideline Development Subcommittee of the American Academy of
Neurology. Neurology 2016, 86, 1818-1826. [CrossRef]

Winstein, C.J.; Stein, J.; Arena, R.; Bates, B.; Cherney, L.R.; Cramer, S.C.; Deruyter, F; Eng, J.].; Fisher, B.; Harvey, R.L.; et al.
Guidelines for Adult Stroke Rehabilitation and Recovery: A Guideline for Healthcare Professionals from the American Heart
Association/ American Stroke Association. Stroke 2016, 47, €98—169. [CrossRef]

Royal College of Physicians; British Society of Rehabilitation Medicine; The Chartered Society of Physiotherapy; Association
of Chartered Physiotherapists Interested in Neurology and the Royal College of Occupational Therapists. Spasticity in Adults:
Management Using Botulinum Toxin; National Guidelines; Ashford, S., Turner-Stokes, L., Eds.; Royal College of Physicians: London,
UK, 2018.

https://doi.org/10.3390/toxins18100429


https://doi.org/10.1080/09638280400014576
https://doi.org/10.1191/026921599677595404
https://doi.org/10.1016/j.apmr.2008.01.007
https://doi.org/10.1016/j.pmrj.2009.08.002
https://doi.org/10.1016/S1474-4422(15)00216-1
https://doi.org/10.1002/mus.24776
https://doi.org/10.1191/0269215502cr512oa
https://doi.org/10.1002/pri.36
https://doi.org/10.1016/j.apmr.2019.01.016
https://doi.org/10.3390/toxins14110809
https://doi.org/10.1186/1745-6215-9-59
https://www.csp.org.uk/publications/practice-guidance-physiotherapists-using-point-care-ultrasound-pocus-physiotherapy
https://www.csp.org.uk/publications/practice-guidance-physiotherapists-using-point-care-ultrasound-pocus-physiotherapy
https://doi.org/10.2340/16501977-0970
https://doi.org/10.3390/toxins13050303
https://doi.org/10.2340/16501977-1871
https://doi.org/10.3390/toxins13060374
https://doi.org/10.2340/16501977-0303
https://doi.org/10.1212/WNL.0000000000002560
https://doi.org/10.1161/str.0000000000000098
https://doi.org/10.3390/toxins18100429

Toxins 2026, 18, 429 20 of 22

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.

44.

Patel, A.; Zhang, ].; Page, S.; Harding, S.; Beneteau, M.; Navickas, C.; Esquenazi, A. Impact of Early Versus Late Treatment with
Botulinum Toxin A on Goal Attainment in Post-Stroke Spasticity: A Retrospective Cohort Study. Toxins 2026, 18, 68. [CrossRef]
Suputtitada, A.; Chatromyen, S.; Chen, C.P.C.; Simpson, D.M. Best Practice Guidelines for the Management of Patients with
Post-Stroke Spasticity: A Modified Scoping Review. Toxins 2024, 16, 98. [CrossRef]

Gracies, ].M.; Francisco, G.E.; Jech, R.; Khatkova, S.; Rios, C.D.; Maisonobe, P. Guided Self-rehabilitation Contracts Combined
with AbobotulinumtoxinA in Adults with Spastic Paresis. J. Neurol. Phys. Ther. 2021, 45, 203-213. [CrossRef]

Ward, A.B.; Wissel, ].; Borg, J.; Ertzgaard, P.; Herrmann, C.; Kulkarni, J.; Lindgren, K.; Reuter, I.; Sakel, M.; Sétero, P.; et al.
Functional goal achievement in post-stroke spasticity patients: The BOTOX® Economic Spasticity Trial (BEST). . Rehabil. Med.
2014, 46, 504-513. [CrossRef]

Eftekhar, P.; Mochizuki, G.; Dutta, T.; Richardson, D.; Brooks, D. Goal Attainment Scaling in Individuals with Upper Limb
Spasticity Post Stroke. Occup. Ther. Int. 2016, 23, 379-389. [CrossRef]

Allart, E.; Mazevet, D.; Idée, S.; Constant Boyer, F.; Bonan, I. Adjunct therapies after botulinum toxin injections in spastic adults:
Systematic review and SOFMER recommendations. Ann. Phys. Rehabil. Med. 2022, 65, 101544. [CrossRef]

Gupta, A.D,; Baguley, I; Estell, J.; Geffon, S.; Goh, K.; Rawicki, B.; de Graaf, S.; Olver, J. Statement of the Rehabilitation Medicine
Society of Australia and New Zealand for the therapeutic use of botulinum toxin A in spasticity management. Intern. Med. ].
2024, 54, 178-182. [CrossRef]

Steed, A.; Williams, H.; Alfonso, J.; Hancock, D.; Ashford, S.A. Goal Attainment and Outcome Evaluation for Upper and Lower
Limb Spasticity: A Real-Life Cohort Analysis in a Community-Based Outreach Service. Toxins 2026, 18, 398. [CrossRef]
Schillebeeckx, F.; Mills, P.B.; Ip, A.; Schinwelski, M.; Eduardo, J.; Teixeira, M.; Ashford, S.; Bayle, N.; Chemello, E.; Jacinto, J.;
et al. Worldwide Survey of Clinician Practice on use of Adjunctive Therapies Following Botulinum Toxin Injection for Spasticity.
J. Rehabil. Med. 2022, 54, 334. [CrossRef]

Levy, J.; Molteni, E; Cannaviello, G.; Lansaman, T.; Roche, N.; Bensmail, D. Does botulinum toxin treatment improve upper limb
active function? Ann. Phys. Rehabil. Med. 2019, 62, 234-240. [CrossRef]

Sun, L.-C; Chen, R;; Fu, C.; Chen, Y.; Wu, Q.; Chen, R; Lin, X.; Luo, S. Efficacy and Safety of Botulinum Toxin Type A for Limb
Spasticity after Stroke: A Meta-Analysis of Randomized Controlled Trials. BioMed Res. Int. 2019, 2019, 8329306. [CrossRef]
Dong, Y.; Wu, T.; Hu, X.; Wang, T. Efficacy and safety of botulinum toxin type A for upper limb spasticity after stroke or traumatic
brain injury: A systematic review with meta-analysis and trial sequential analysis. Eur. J. Phys. Rehabil. Med. 2017, 53, 256-267.
[CrossRef]

Ashford, S.; Turner-Stokes, L. Goal Attainment Scaling (GAS) in adult neurorehabilitation. In Rehabilitation Goal Setting: Theory,
Practice and Evidence; Siegert, R., Levack, W., Eds.; Taylor and Francis: Oxfordshire, UK, 2014; pp. 119-135.

Bard-Pondarre, R.; Villepinte, C.; Roumenoff, F.; Lebrault, H.; Bonnyaud, C.; Pradeau, C.; Bensmail, D.; Isner-Horobeti, M.E.;
Krasny-Pacini, A. Goal Attainment Scaling in rehabilitation: An educational review providing a comprehensive didactical tool
box for implementing Goal Attainment Scaling. J. Rehabil. Med. 2023, 55, jrm6498. [CrossRef]

Borg, J.; Ward, A.B.; Wissel, ].; Kulkarni, J.; Sakel, M.; Ertzgaard, P; Akerlund, P; Reuter, I.; Herrmann, C.; Satkunam, L.; et al.
Rationale and design of a multicentre, double-blind, prospective, randomized, European and Canadian study: Evaluating patient
outcomes and costs of managing adults with post-stroke focal spasticity. J. Rehabil. Med. 2011, 43, 15-22. [CrossRef]
Bovend’Eerdt, T.].; Botell, R.E.; Wade, D.T. Writing SMART rehabilitation goals and achieving goal attainment scaling: A practical
guide. Clin. Rehabil. 2009, 23, 352-361. [CrossRef]

Li, S.; Francisco, G.E.; Rymer, W.Z. A New Definition of Poststroke Spasticity and the Interference of Spasticity with Motor
Recovery from Acute to Chronic Stages. Neurorehabilit. Neural Repair 2021, 35, 601-610. [CrossRef]

Grant, M.,; Ponsford, ]. Goal attainment scaling in brain injury rehabilitation: Strengths, limitations and recommendations for
future applications. Neuropsychol. Rehabil. 2014, 24, 661-677. [CrossRef]

Kiresuk, T.; Sherman, R. Goal attainment scaling: A general method of evaluating comprehensive mental health programmes.
Community Ment. Health ]. 1968, 4, 443—453. [CrossRef]

Malec, J.E. Goal Attainment Scaling in Rehabilitation. Neuropsychol. Rehabil. 1999, 9, 253-275. [CrossRef]

Ashford, S.; Slade, M.; Nair, A.; Turner-Stokes, L. Arm Activity measure (ArmA) application for recording functional gain
following focal spasticity treatment. Int. |. Ther. Rehabil. 2014, 21, 10-17. [CrossRef]

Wissel, J.; Camoes-Barbosa, A.; Comes, G.; Althaus, M.; Scheschonka, A.; Simpson, D.M. Pain Reduction in Adults with Limb
Spasticity Following Treatment with IncobotulinumtoxinA: A Pooled Analysis. Toxins 2021, 13, 887. [CrossRef]

Wissel, ].; Muller, J.; Dressnandt, J.; Heinen, F.; Naumann, M.; Topka, H.; Poewe, W. Management of spasticity associated pain
with botulinum toxin A. J. Pain Symptom Manag. 2000, 20, 44—49. [CrossRef]

Wissel, ]J.; Schelosky, L.D.; Scott, J.; Christe, W.; Faiss, J.H.; Mueller, J. Early development of spasticity following stroke:
A prospective, observational trial. ]. Neurol. 2010, 257, 1067-1072. [CrossRef]

https://doi.org/10.3390/toxins18100429


https://doi.org/10.3390/toxins18020068
https://doi.org/10.3390/toxins16020098
https://doi.org/10.1097/npt.0000000000000359
https://doi.org/10.2340/16501977-1817
https://doi.org/10.1002/oti.1440
https://doi.org/10.1016/j.rehab.2021.101544
https://doi.org/10.1111/imj.16300
https://doi.org/10.3390/toxins18090398
https://doi.org/10.2340/jrm.v54.334
https://doi.org/10.1016/j.rehab.2018.05.1320
https://doi.org/10.1155/2019/8329306
https://doi.org/10.23736/s1973-9087.16.04329-x
https://doi.org/10.2340/jrm.v55.6498
https://doi.org/10.2340/16501977-0663
https://doi.org/10.1177/0269215508101741
https://doi.org/10.1177/15459683211011214
https://doi.org/10.1080/09602011.2014.901228
https://doi.org/10.1007/BF01530764
https://doi.org/10.1080/096020199389365
https://doi.org/10.12968/ijtr.2014.21.1.10
https://doi.org/10.3390/toxins13120887
https://doi.org/10.1016/s0885-3924(00)00146-9
https://doi.org/10.1007/s00415-010-5463-1
https://doi.org/10.3390/toxins18100429

Toxins 2026, 18, 429 21 of 22

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Turner-Stokes, L.; Fheodoroff, K.; Jacinto, J.; Brashear, A.; Maisonobe, P.; Lysandropoulos, A.; Ashford, S. Longitudinal goal
attainment with integrated upper limb spasticity management including botulinum toxin A: Primary results from the ULIS-III
study. Toxicon 2021, 190, S74. [CrossRef]

Turner-Stokes, L.; Jacinto, J.; Fheodoroff, K.; Brashear, A.; Maisonobe, P.; Lysandropoulos, A.; Ashford, S. The ULIS-III Study
Group. Longitudinal goal attainment with integrated upper limb spasticity management including repeat injections of botulinum
toxin A: Findings from the prospective, observational Upper Limb International Spasticity (ULIS-III) cohort study. J. Rehabil. Med.
2021, 53, 2761. [CrossRef]

Baricich, A.; Wein, T.; Cinone, N.; Bertoni, M.; Picelli, A.; Chisari, C.; Molteni, F.; Santamato, A. BONT-A for Post-Stroke Spasticity:
Guidance on Unmet Clinical Needs from a Delphi Panel Approach. Toxins 2021, 13, 236. [CrossRef]

Hauret, I.; Dobija, L.; Givron, P.; Goldstein, A.; Pereira, B.; Coudeyre, E. Effectiveness of Ultrasound-guided VS Electrical-
stimulation-guided Botulinum Toxin Injections in Triceps Surae Spasticity after Stroke: A Randomized Controlled Study. J. Rehabil.
Med. 2023, 55, jrm11963. [CrossRef]

Popescu, M.N.; Capet, C.; Beiu, C.; Berteanu, M. The Elias University Hospital Approach: A Visual Guide to Ultrasound-Guided
Botulinum Toxin Injection in Spasticity: Part I—Distal Upper Limb Muscles. Toxins 2025, 17, 107. [CrossRef]

Aygtin Bilecik, N.; Tuna, S.; Karatas, O.; Balci, N. The Impact of Repeated Applications of Botulinum Toxin A on the Spasticity of
the Upper Limb in Stroke Patient, Cohort Study. . Clin. Med. 2025, 14, 2735. [CrossRef]

Mohammadi, B.; Balouch, S.A.; Dengler, R.; Kollewe, K. Long-term treatment of spasticity with botulinum toxin type A:
An analysis of 1221 treatments in 137 patients. Neurol. Res. 2010, 32, 309-313. [CrossRef]

Ashford, S.; Slade, M.; Siegert, R.; Turner-Stokes, L. Initial psychometric evaluation of the Arm Activity Measure (ArmA):
A measure of activity in the hemiparetic arm. Clin. Rehabil. 2013, 27, 728-740. [CrossRef]

Battaglia, M.; Borg, M.B.; Loro, A.; Cosenza, L.; Scotti, L.; Picelli, A.; Filippetti, M.; Bertoni, M.; Spina, S.; Santamato, A.; et al.
Post-stroke spasticity: Follow-up and functional implications of chronic long-term treatment with botulinum toxin. Eur. J. Phys.
Rehabil. Med. 2024, 60, 581-590. [CrossRef]

Marciniak, C.; Balcaitiene, ].; Jacinto, J.; Fheodoroff, K.; Ashford, S.; Maisonobe, P.; Turner-Stokes, L. A comparison of goal
selection and achievement between botulinum toxin A (BoNT-A) naive and non-naive patients in the upper limb international
spasticity (ULIS)-II study. Toxicon 2016, 123, S59-S60. [CrossRef]

Hamaguchi, T.; Abo, M.; Murata, K.; Kenmoku, M.; Yoshizawa, I.; Ishikawa, A.; Suzuki, M.; Nakaya, N.; Taguchi, K. Association
of Long-Term Treatment by Botulinum Neurotoxins and Occupational Therapy with Subjective Physical Status in Patients with
Post-Stroke Hemiplegia. Toxins 2019, 11, 453. [CrossRef]

Hwang, L.-S.; Ryu, J.-W,; Jin, S.; Kim, S.-A.; Kim, M.-S. Long-Term Enhancement of Botulinum Toxin Injections for Post-Stroke
Spasticity by Use of Stretching Exercises—A Randomized Controlled Trial. Toxins 2024, 16, 267. [CrossRef]

Gracies, ].M. Pathophysiology of spastic paresis. I: Paresis and soft tissue changes. Muscle Nerve 2005, 31, 535-551. [CrossRef]
Gracies, ].M.; O’Dell, M.; Vecchio, M.; Hedera, P.; Kocer, S.; Rudzinska-Bar, M.; Rubin, B.; Timerbaeva, S.L.; Lusakowska, A.;
Boyer, F.C.; et al. Effects of repeated abobotulinumtoxinA injections in upper limb spasticity. Muscle Nerve 2018, 57, 245-254.
[CrossRef]

Arya, K.N; Verma, R; Garg, RK,; Sharma, V.P; Agarwal, M.; Aggarwal, G.G. Meaningful task-specific training (MTST) for stroke
rehabilitation: A randomized controlled trial. Top. Stroke Rehabil. 2012, 19, 193-211. [CrossRef]

French, B.; Thomas, L.H.; Coupe, J.; McMahon, N.E.; Connell, L.; Harrison, J.; Sutton, C.J.; Tishkovskaya, S.; Watkins, C.L.
Repetitive task training for improving functional ability after stroke. Cochrane Database Syst. Rev. 2016, 11, Cd006073. [CrossRef]
Lannin, N.; McCluskey, A.; Cusick, A.; Ashford, S.; Ross, L. Measuring Function in Everyday Life: Enhancing the Disabilities of the
Arm Shoulder Hand Questionnaire for Use Post-Stroke; World Federation of Occupational Therapy: Santiago, Chile, 2010.

Lennon, S.; Ramdharry, G.; Verheyden, G. Physical Management for Neurological Conditions; Elsevier: Amsterdam, The Netherlands, 2018.
Shin, J.-H.; Park, G.; Kim, H.; Cho, D.Y.; Kwon, S. Combined effects and timing of robotic training and botulinum toxin on
upper limb spasticity and motor function: A single-blinded randomized controlled pilot study. J. Neuroeng. Rehabil. 2025, 22, 50.
[CrossRef]

Reebye, R.; Jacinto, L.J.; Balbert, A.; Biering-Serensen, B.; Carda, S.; Draulans, N.; Molteni, E; O’Dell, M.W.; Picelli, A;
Santamato, A.; et al. Multimodal therapy and use of adjunctive therapies to BONT-A in spasticity management: Defining
terminology to help enhance spasticity treatment. Front. Neurol. 2024, 15, 2024. [CrossRef]

Turner-Stokes, L.; Ashford, S.; Jacinto, J.; Maisonobe, P.; Balcaitiene, J.; Fheodoroff, K. Impact of integrated upper limb spasticity
management including botulinum toxin A on patient-centred goal attainment: Rationale and protocol for an international
prospective, longitudinal cohort study (ULIS-III). BM] Open 2016, 6, €011157. [CrossRef]

Ashford, S.; Slade, M.; Turner-Stokes, L. Conceptualisation and development of the arm activity measure (ArmA) for assessment
of activity in the hemiparetic arm. Disabil. Rehabil. 2013, 35, 1513-1518. [CrossRef]

https://doi.org/10.3390/toxins18100429


https://doi.org/10.1016/j.toxicon.2020.11.499
https://doi.org/10.2340/16501977-2801
https://doi.org/10.3390/toxins13040236
https://doi.org/10.2340/jrm.v55.11963
https://doi.org/10.3390/toxins17030107
https://doi.org/10.3390/jcm14082735
https://doi.org/10.1179/016164109X12478302362734
https://doi.org/10.1177/0269215512474942
https://doi.org/10.23736/s1973-9087.24.08429-6
https://doi.org/10.1016/j.toxicon.2016.11.168
https://doi.org/10.3390/toxins11080453
https://doi.org/10.3390/toxins16060267
https://doi.org/10.1002/mus.20284
https://doi.org/10.1002/mus.25721
https://doi.org/10.1310/tsr1903-193
https://doi.org/10.1002/14651858.CD006073.pub3
https://doi.org/10.1186/s12984-025-01584-1
https://doi.org/10.3389/fneur.2024.1432330
https://doi.org/10.1136/bmjopen-2016-011157
https://doi.org/10.3109/09638288.2012.743602
https://doi.org/10.3390/toxins18100429

Toxins 2026, 18, 429 22 of 22

67. Holm, S. A Simple Sequentially Rejective Multiple Test Procedure. Scand. J. Stat. 1979, 6, 65-70.

68. Fheodoroff, K.; Jacinto, J.; Ashford, S.; Danchenko, N.; Grandoulier, A.-S.; Pietri, G.; Bourhis, Y.; Spurden, D.; Turner-Stokes, L.
Predictors of real-world response in adults treated with botulinumtoxin-A for upper limb spasticity. J. Int. Soc. Phys. Rehabil. Med.
2024, 7, 24-32. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/toxins18100429


https://doi.org/10.1097/ph9.0000000000000030
https://doi.org/10.3390/toxins18100429

	Introduction 
	Results 
	Demographics 
	Analysis of Active Function-Related Goals and Achievement Rates 
	Cycle-by-Cycle Analysis of GAS-T and ArmA Active Function Scores 
	Serial Changes in Reported Active Function (ArmA) Severity by Number of Cycles 
	Mixed Linear Models for Cycle and Start Versus End Measurement Effects 
	Predictors of ArmA Active Function Scores 

	Discussion 
	Response to Repeated Injections 
	Serial Changes in Severity 
	Patient-Related Predictors of Active Function Improvement and the Frequency of Injection 
	Comparison of Findings with Other Studies 
	Important Messages for Clinicians Managing Upper Limb Spasticity 
	Strengths and Limitations 

	Conclusions 
	Materials and Methods 
	Study Design and Participants 
	Outcome Assessment and Measures 
	Statistical Analysis 

	Appendix A
	References

