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Abstract
Introduction: Upper and lower limb spasticity is commonly associated with
central nervous system disorders including stroke, traumatic brain injury, multi-
ple sclerosis, cerebral palsy, and spinal cord injury, but little is known about the
concurrent treatment of upper and lower limb spasticity with botulinum toxins.
Objective: To evaluate onabotulinumtoxinA (onabotA) utilization and to deter-
mine if concurrent onabotA treatment of the upper and lower limbs has sup-
ported improvements in participants with spasticity.
Design: Sub-analysis of a 2-year, international, prospective, observational reg-
istry (ASPIRE, NCT01930786).
Setting: International clinic sites (54).
Participants: Adult spasticity participants across etiologies, who received ≥1
concurrent onabotA treatment of the upper and lower limbs during the study.
Intervention: Participants were treated with onabotA at the clinician’s
discretion.
Outcomes: Baseline characteristics and outcomes of disability (Disability
Assessment Scale [DAS]), pain (Numeric Pain Rating Scale [NPRS]), partici-
pant satisfaction, physician satisfaction, and quality of life (QoL; Spasticity
Impact Assessment [SIA]) were evaluated. Adverse events were monitored
throughout the study.
Results: Of 744 participants enrolled, 730 received ≥1 dose of onabotA;
275 participants received treatment with onabotA in both upper and lower limbs
during ≥1 session; 39.3% of participants were naïve to onabotA for spasticity.
The mean (SD) total dose per treatment session ranged from 421.2 (195.3) to
499.6 (188.6) U. The most common baseline upper limb presentation was
clenched fist (n = 194, 70.5%); lower limb was equinovarus foot (n = 219,
66.9%). High physician and participant satisfaction and improvements in pain,
disability and QoL were reported after most treatments. Nine participants
(3.3%) reported nine treatment-related adverse events; two participants (0.7%)
reported three serious treatment-related severe adverse events. No new safety
signals were identified.
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Conclusion: More than a third of enrolled participants received at least one
concurrent onabotA treatment of the upper and lower limbs, with reduced pain,
disability, and improved QoL after treatment, consistent with the established
safety profile of onabotA for the treatment of spasticity.

INTRODUCTION

Spastic hemiparesis is a progressive, secondary com-
plication of central nervous system damage that
encompasses muscle shortening, spastic dystonia, and
disabling muscle overactivity.1 Hemiparesis or hemiple-
gia associated with spasticity may involve both the
upper and lower limbs, often as a result of stroke.2,3

Other etiologies associated with spasticity include mul-
tiple sclerosis, cerebral palsy, traumatic brain injury,
and spinal cord injury.4–7 Upper limb (UL) spasticity
and muscle overactivity, two positive phenomena of
upper motor neuron syndrome,8 can result in an abnor-
mal posture of the arm, wrist, elbow, or hand. In the
lower limb (LL), deformities such as stiff extended knee,
equinovarus foot, striatal toe, and hip adduction or flex-
ion may occur.

People with UL or LL spasticity are at increased risk
of secondary limb deformities that may reduce mobility
and increase difficulty with self-care and hygiene,9

thereby reducing quality of life (QoL) and increasing the
physical, psychosocial, and economic burden for
patients and their caregivers.10 Gait impairments, often
seen in patients with LL spasticity,11 negatively affect
QoL.12 Patients with hemiparesis or hemiplegia in the
UL or LL after stroke report significantly lower life satis-
faction than non-stroke patients in life in general, as
well as in areas such as independence, leisure, family
life, contact with friends, physical health, and psycho-
logical health.13 One study comparing health-
related-quality QoL (HRQoL) reported lower HRQoL for
patients with spasticity 1 and 2 years post-stroke as
compared to patients without spasticity.14

OnabotulinumtoxinA (onabotA) is a focally adminis-
tered native botulinum toxin type A (BoNT/A). When
therapeutic doses are injected intramuscularly, it
prompts temporary partial chemodenervation of the
muscle, thereby decreasing muscle hypertonicity and
excessive muscle contractions.15 Studies have demon-
strated the benefits of onabotA treatment in UL and LL
spasticity.16–18 For example, gross motor movements
related to grasp improved in patients with UL spasticity
after onabotA treatment.19 Injection of the LL with ona-
botA has been shown to improve gait characteristics in
patients with LL spasticity.12,20 When combined with
physical therapy, treatment with onabotA results in
improvement in spasticity during post-stroke recovery.21

Despite studies demonstrating the effectiveness
of treatment of either UL or LL spasticity with
BoNT/As,22,23 there is limited real-world information
related to concurrent BoNT/A treatment of UL and LL

spasticity,12,24 highlighting the need for additional stud-
ies to address this issue. The Adult SPasticity Interna-
tional Registry (ASPIRE) was a 2-year international
observational registry designed to identify the clinical
characteristics of patients with spasticity across a vari-
ety of etiologies before and after treatment with ona-
botA.22,25–28 Using data from ASPIRE, we examined
patient- and physician-reported outcomes after ona-
botA treatment in a subgroup of patients with spasticity
who were treated for both UL and LL spasticity. The
aim of this study was to evaluate onabotA utilization
and to determine if treatment with onabotA supported
improvements in patients receiving concurrent treat-
ment for UL and LL spasticity.

METHODS

Study design and setting

ASPIRE (Clinicaltrials.gov, NCT01930786) was an inter-
national, multicenter, prospective, observational registry
that enrolled patients from 54 North American, European,
and Asian sites.25 The study spanned 108 weeks,
encompassing a 96-week study period and an additional
12-week follow-up period. Physicians and health care
providers (HCPs) treated participants according to their
usual clinical practices and in accordance with regional
regulations in each country. Participants were re-treated
�12 weeks after the last treatment. Exact intervals
between treatments varied, depending on the clinical
practice and perceived duration of treatment benefit.
Participant-reported outcomes were collected at baseline
and �5 weeks after each treatment; a follow-up interview
was conducted 12 weeks after the final treatment.
Clinician-reported outcomes for treatments 1 through
7 were collected at each office visit subsequent to treat-
ment. Study requirements did not stipulate a final follow-
up visit; thus clinician-reported outcomes for treatment
8 were not evaluated.

Before participation in this study, informed written
consent was obtained, including consent related to
review of medical records that would allow the enroll-
ing HCP to obtain information about any administra-
tion of BoNT/As outside the ASPIRE study, if
applicable. Institutional review board approval was
required and granted by each site participating in this
study, which was conducted in accordance with the
Declaration of Helsinki and Guidelines for Good Phar-
macoepidemiology Practices, as outlined by the Inter-
national Society for Pharmacoepidemiology.29,30
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Control for bias

The ASPIRE study was designed to enable generaliz-
ability to clinical practice. Broad eligibility criteria were
used to minimize selection bias and identify onabotA
utilization for spasticity across multiple etiologies and
geographic regions, including participants both naïve
and non-naïve to BoNTs for the treatment of spasticity.
To minimize any selection bias from inclusion of non-
naïve participants for which onabotA was tolerable
and effective, ASPIRE aimed to enroll at least one-
third of participants naïve to BoNTs for the treatment
of spasticity. Information bias was minimized with
carefully designed case report forms and site staff
training; to ensure data quality, assessments were
performed by contracting research organization
personnel.

Study population/participants

Participants eligible for inclusion in this study were
18 years of age or older and treated with onabotA in
the course of routine clinical practice at participating
sites for either newly diagnosed or established focal
spasticity. Participants treated with BoNT/As (other
than onabotA) were excluded. Eligible participants
needed the requisite cognitive and linguistic skills to
complete study questionnaires (as determined by the
enrolling HCP), the ability to answer questions via com-
puter or phone (with or without help from a caregiver),
and the provision of informed written consent from the
participant or legal guardian prior to participation in any
study activity. Any participants who were active in other
clinical trials for the treatment of spasticity were
excluded, as were participants with any condition or cir-
cumstance that the enrolling HCP deemed would mark-
edly interfere with the ability of the person to participate
in the study. Participants included in this sub-analysis
were treated concurrently for UL and LL spasticity with
onabotA at least once throughout the 2-year study.

Outcomes and data sources

Clinical characteristics and participant demographics in
patients receiving at least one concurrent treatment for
both UL and LL spasticity were collected at baseline;
onabotA utilization was collected at each treatment
session, and adverse events (AEs) were evaluated
throughout the 108-week study. The most common
clinical presentations were assessed at baseline; base-
line values for participant- and clinician-reported out-
comes were collected at the first visit.

Clinician satisfaction data for each treatment were
collected at the start of the next office visit and prior
to any re-treatment, along with participant-reported

outcomes using the Disability Assessment Scale (DAS)
for UL31 and LL.32 Other participant-reported outcomes
were collected �4 to 6 weeks after each treatment
online or by phone, including the effect of UL and LL
spasticity on daily activities using a sponsor-developed
questionnaire (Spasticity Impact Assessment [SIA])25;
pain, measured by the Numeric Pain Rating Scale
(NPRS)33,34; and overall treatment satisfaction. The
Medical Dictionary for Regulatory Activities (MedDRA)
version 20.0 was used to summarize AEs by preferred
term and organ class, with any possible relationship to
treatment adjudicated by a panel of safety clinicians,
who also evaluated any potential distant spread of
toxin. Detailed information on methods and assess-
ments are available.25

Statistical analysis

Analyses were explorative and descriptive in nature
and did not test any prespecified hypotheses; missing
data were not imputed. NPRS and DAS mean values

TAB L E 1 Summary of limbs treated across one or more
treatments—all eligible participants.

Number of treatments per patient—summary

N 730

Mean ± SD 4.3 ± 2.2

Min, Max 1.0, 8.0

Median [IQR] 4.0 [2.0, 6.0]

Number of treatments per participant—tabulated

N 730

1 103 (14.1%)

2 104 (14.2%)

3 81 (11.1%)

4 109 (14.9%)

5 91 (12.5%)

6 81 (11.1%)

7 116 (15.9%)

8 45 (6.2%)

Limbs treated

N 730

Lower limb only 246 (33.7%)

Upper and lower limbs – at separate treatments 9 (1.2%)

Upper and lower limbs – both at all treatments 161 (22.1%)

Upper and lower limbs – both at some
treatments

114 (15.6%)

Upper limb only 200 (27.4%)

Upper and lower limbs—both at ≥1 treatment

N 730

No 455 (62.3%)

Yes 275 (37.7%)

Abbreviations: SD, standard deviation; IQR, interquartile range.

1178 HEMIPARETIC SPASTICITY TREATED WITH onabotA

 19341563, 2024, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/pm

rj.13195, W
iley O

nline L
ibrary on [13/11/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



and respective 95% confidence intervals (CIs) are
estimated using a mixed-effects linear regression
model to account for the repeated measurements for
each participant up to eight treatment cycles. Sample
sizes at each time point are from the observed values,
and p values are adjusted for all possible pairwise
comparisons between treatment cycles using the
Tukey method to control the family-wise error rate.
Note that although all possible pairwise comparisons
were performed, only a subset is presented for each
treatment cycle and compared to baseline. All ana-
lyses were performed with R version 4.1 or later (The
R Foundation for Statistical Computing, http://www.
rproject.org/).

RESULTS

Participant disposition, demographics, and
clinical characteristics

Of the 744 participants enrolled in the 2-year study, 730
received at least one dose of onabotA (Table 1). Within
this group, 275 participants received at least one con-
current treatment of UL and LL at the same treatment
visit at least once during the study. Although most par-
ticipants were from the United States, participants were
drawn from seven countries (Table 2), including
Taiwan, Italy, the United Kingdom (UK), Germany,
France, and Spain. The mean number of treatments
per participant ranged from (mean, SD) 1.8 (1.2) treat-
ments for participants from Taiwan to 6.2 (2.2) for par-
ticipants from Germany.

Participants (N = 275) had a mean age of
53.2 years and were predominantly White, with 50.2%
(138/275) reporting their employment status as dis-
abled (Table 3). Less than half of participants (39.3%,
108/275) were naïve to onabotA for spasticity; the most
common etiology was stroke (72.7%, 200/275).
Most participants had been treated with physical ther-
apy or occupational therapy (84.2%, 223/275), orthotics
(61.5%, 163/275), or assistive devices (72.1%,
191/275). Information on medication history in this
cohort of participants is available in Table S1.

Clinical presentations and treatment
utilization

The most common clinical presentations among the
275 participants concurrently treated for UL and LL
spasticity are highlighted in Figure 1 for treatments
(Tx) 1 to 4 and include clenched fist, flexed elbow, equi-
novarus foot, flexed wrist, pronated forearm, and
adducted shoulder (described in16,17,35). Presentations
for all treatments (Tx 1 to Tx 8) are detailed in
Table S2.

Of the participants receiving concurrent treatment
for UL and LL spasticity at least once over the 2-year
study, 72.4% or more of participants who were treated
at any given treatment session received treatment to
both UL and LL (Table 4). The average number of
weeks between sessions decreased over the course
of the study from 18.8 weeks between the first and sec-
ond sessions to 13.1 weeks between the seventh and
eighth sessions. Treatment providers used guided,
anatomic, or a combination of both methods in treating
participants (Table 5). When guidance methods were
aggregated across all treatments, anatomic location
was used to treat 45.5% of participants in at least one
treatment and 8.4% of participants at all treatments;
guided location was used to treat 91.6% of participants
at least once and 54.5% of participants at all treat-
ments; and the combination of anatomic and guided
location methods was used to treat 37.1% of partici-
pants at all treatments.

The mean dose of onabotA across eight treatment
sessions ranged from 421 to 500 U (Table 6), with indi-
vidual dosing at the treating physician’s discretion
according to clinical need and product labeling.36 Data
presented in Table 6 demonstrate the variation in ona-
botA utilization in clinical practice.

Treatment outcomes

Baseline values for participant-reported SIA and NPRS
were collected at the first office visit; values post-
treatment for these participant-reported outcomes
(as well as participant satisfaction) were collected via

TAB LE 2 Participants by country.

Value Total

Country

USA Taiwan Italy UK Germany France Spain

Number of treatments per participant

N 275 187 27 27 14 8 6 6

Mean (SD) 4.6 (2.2) 5.0 (2.2) 1.8 (1.2) 4.4 (1.4) 4.4 (1.4) 6.2 (2.2) 4.8 (1.9) 4.7 (1.2)

Min, Max 1.0, 8.0 1.0, 8.0 1.0, 5.0 1.0, 7.0 1.0, 7.0 2.0, 8.0 2.0, 8.0 3.0, 6.0

Median
[IQR]

5.0 [3.0, 7.0] 5.0 [3.0, 7.0] 1.0 [1.0, 2.5] 5.0 [3.5, 5.0] 4.5 [4.0, 5.0] 7.0 [5.5, 8.0] 5.0 [4.2, 5.0] 4.5 [4.0, 5.8]

Abbreviations: SD, standard deviation; IQR, interquartile range.
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phone or online thereafter. Due to difficulties in contact-
ing participants via phone or online, the n’s are lower
than expected for post-treatment participant-reported

outcomes. Because clinician-reported outcomes were
collected during office visits, the n’s are higher for
clinician-reported outcomes (DAS and clinician satis-
faction). Note that because participant and physician
satisfaction outcomes refer to the most recent treat-
ment, there are no baseline values for either of these
two measures.

Pain, disability, and QoL as measured on
the DAS

Participants assessed their pain and levels of disability
associated with functional impairments due to spasticity
with the DAS. At treatment visit 1, the DAS was com-
pleted prior to injection with onabotA; thus treatment
1 (Tx 1) represents the baseline level of disability.
Throughout the study, information was collected on
treatment outcomes at each subsequent treatment visit.
The DAS after treatment 8 was assessed via phone
interview �5 weeks after the last treatment. The frac-
tion of participants reporting disability as none to mild
on the DAS increased after the first treatment with ona-
botA; these levels did not return to baseline throughout
the study (Figures 2 and 3, green bars). DAS model–
estimated means (Figures 2 and 3, bottom panels), pre-
dicted based on a statistical model of the observed data
demonstrated significant improvements in UL
(Figure 2) and LL (Figure 3) disability levels across
treatment sessions compared to baseline. For UL,
there were significant improvements in the model-
estimated mean DAS levels for pain, dressing, and limb
posture compared to baseline across all treatments
(Figure 2A,C,D). For LL, significant improvements were
noted for pain and limb posture across most treatments
(Figure 3A,D).

Pain and treatment satisfaction

Pain and treatment satisfaction were assessed �4 to
6 weeks after each treatment via phone or online. Sig-
nificant reductions in pain from baseline levels were
noted on the NPRS after most treatment sessions
(Figure 4). In addition to the NPRS, participants also
responded to a series of questions related to pain and
treatment satisfaction (Figure 5). Most participants were
satisfied or extremely satisfied that their most recent
treatment helped their spasticity (Figure 5A), with how
long the treatment was working (Figure 5B), and with
how the treatment has helped their spasticity-related
pain (Figure 5C). The fraction of participants who
responded “not applicable” regarding their spasticity-
related pain (Figure 5C) ranged from 15.6% to 59.3%
(see legend, Figure 5). Taking everything into consider-
ation, most participants would continue to use onabotA
to treat their spasticity (Figure 5D).

TAB LE 3 Baseline participant demographics and clinical
characteristics.

Characteristic N = 275

Mean age (SD), years 53.2 (15.4)

Male, n (%) 141 (51.3)

Race, n (%)

White 187 (68.0)

Black 39 (14.2)

Asian 31 (11.3)

Other 18 (6.5)

Employment status, n (%)

Full time 19 (6.9)

Part time 17 (6.2)

Unemployed 30 (10.9)

Retired 64 (23.3)

Disability 138 (50.2)

Other 7 (2.5)

OnabotA treatment naïve, n (%) 108 (39.3)

OnabotA treatment within the past 12 weeks, n (%) 2 (0.7)

Practice type, n (%)

Public 137 (49.8)

Private 128 (46.5)

Both 10 (3.6)

Spasticity etiology, n (%)

Cerebral palsy 22 (8.0)

Multiple sclerosis 21 (7.6)

Spinal cord injury 9 (3.3)

Stroke (ischemic, hemorrhagic, or embolic) 200 (72.7)

Traumatic brain injury 24 (8.7)

Other etiology 12 (4.4)

Caregiver employment status, n (%)

Full time 19 (35.8)

Part time 6 (11.3)

Unemployed 5 (9.4)

Retired 18 (34.0)

Other 5 (9.4)

Treatment type, n (%)

Acupuncture 29 (10.9)

Assistive device 191 (72.1)

Casting 28 (10.6)

Chemodenervation 16 (6.0)

Intrathecal therapy 26 (9.8)

Orthotics 163 (61.5)

Physical therapy/occupational therapy 223 (84.2)

Surgeries or procedures 34 (12.8)

Abbreviation: SD, standard deviation.
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Physicians’ treatment satisfaction after participants
received treatment with onabotA is shown in Figure 6.
Most physicians reported that they were satisfied or
extremely satisfied with how the most recent treatment

helped manage the participants’ spasticity (Figure 6A),
with participants’ sustained benefit of treatment
(Figure 6B), and with how the most recent treat-
ment helped manage participants’ spasticity-related pain

F I GURE 1 Predominant clinical presentations at treatments (Tx) 1 to 4. Clenched fist, equinovarus foot, and flexed elbow were the most
common clinical presentations at baseline. Total number of participants at each treatment: Tx 1, n = 275; Tx 2, n = 243; Tx 3, n = 213; Tx
4, n = 184.

TAB LE 4 Percentage of participants with upper, lower, or both upper and lower limbs treated at each session.

Location treated, n (%)
Tx 1 Tx 2 Tx 3 Tx 4 Tx 5 Tx 6 Tx 7 Tx 8
n = 275 n = 243 n = 213 n = 184 n = 148 n = 109 n = 79 n = 27

Lower limb 18 (6.5) 23 (9.5) 19 (8.9) 14 (7.6) 11 (7.4) 6 (5.5) 3 (3.8) 1 (3.7)

Upper limb 46 (16.7) 44 (18.1) 37 (17.4) 30 (16.3) 24 (16.2) 18 (16.5) 7 (8.9) 1 (3.7)

Upper and lower limb 211 (76.7) 176 (72.4) 157 (73.7) 140 (76.1) 113 (76.4) 85 (78.0) 69 (87.3) 25 (92.6)

Abbreviation: Tx, treatment.

TAB LE 5 Location methods by treatment, all muscles.

Location method, n (%)
Tx 1 Tx 2 Tx 3 Tx 4 Tx 5 Tx 6 Tx 7 Tx 8
n = 275 n = 242a n = 213 n = 184 n = 147a n = 109 n = 77b n = 27

Anatomic +

Guided
69 (25.1) 55 (22.7) 59 (27.7) 45 (24.5) 37 (25.2) 31 (28.4) 24 (31.2) 8 (29.6)

Anatomic 37 (13.5) 30 (12.4) 27 (12.7) 25 (13.6) 19 (12.9) 11 (10.1) 7 (9.1) 0 (0.0)

Guided 169 (61.5) 157 (64.9) 127 (59.6) 114 (62.0) 91 (61.9) 67 (61.5) 46 (59.7) 19 (70.4)

Abbreviation: Tx, treatment.
aMissing data for one participant.
bMissing data for two participants.

TAB LE 6 Total dose of onabotA per treatment session.

Tx 1 Tx 2 Tx 3 Tx 4 Tx 5 Tx 6 Tx 7 Tx 8
n = 275 n = 243 n = 213 n = 184 n = 148 n = 109 n = 79 n = 27

Dose (total units)

Mean (SD) 432.8 (199.1) 421.2 (195.3) 427.3 (188.1) 449.4 (193.4) 465.2 (192.5) 467.2 (192.6) 465.9 (182.6) 499.6 (188.6)

Min 62.0 50.0 80.0 80.0 110.0 150.0 180.0 225.0

Max 1000.0 1125.0 1100.0 1200.0 1200.0 1225.0 1200.0 1200.0

Abbreviations: SD, standard deviation; Tx, treatment.
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F I GURE 2 Upper limb disability. The baseline DAS was evaluated at office visit 1 (prior to treatment); treatments 2 to 8 reflect evaluation of
the prior treatment (i.e., Tx 2 reflects the response to Tx 1). The DAS uses a 4-point rating scale, with 0 as no disability; 1, mild disability;
2, moderate disability; 3, severe disability. Missing or ambiguous responses resulted in variation in the number of n’s for each panel. (A–D) Top
panels: green, DAS scores of 0 to 1 (none to mild disability); orange, scores of 2 to 3 (moderate to severe). (A–D) Bottom panels: model-
estimated means (95% confidence interval [CI]). ***p ≤ .0001; **p ≤ .001; *p ≤ .05. DAS, Disability Assessment Scale; Tx, treatment; UL,
upper limb.
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F I GURE 3 Lower limb disability. The baseline DAS was evaluated at office visit 1 (prior to treatment); treatments 2 to 8 reflect evaluation of
the prior treatment (i.e., Tx 2 reflects the response to Tx 1). The DAS uses a 4-point rating scale, with 0 as no disability; 1, mild disability;
2, moderate disability; 3, severe disability. Missing or ambiguous responses resulted in variation in the number of n’s for each panel. (A–D) Top
panels: green, DAS scores of 0 to 1 (none to mild disability); orange, scores of 2 to 3 (moderate to severe). (A–D) Bottom panels: model-
estimated means (95% confidence interval [CI]). ***p ≤ .0001; **p ≤ .001; *p ≤ .05. DAS, Disability Assessment Scale; Tx, treatment; LL,
lower limb.
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(Figure 6C). The fraction of physicians who responded
“not applicable” regarding participants’ spasticity-
related pain (Figure 6C) ranged from 29.6% to 59.3%
(see legend, Figure 6). Most physicians, taking every-
thing into account, would continue to use onabotA to
manage the participants’ spasticity (Figure 6D).

Functional impairments and QoL

At each treatment session, participants responded to
questions regarding the effect of their spasticity on daily
activities and QoL (SIA, Figure 7). The effect of UL
spasticity was assessed with questions related to diffi-
culty in showering/bathing, ability to complete house-
hold tasks (cooking and cleaning), and ability to
participate in usual recreational activities. The propor-
tion of participants who categorized UL activities as
very or extremely difficult at baseline was reduced after
one treatment and did not return to baseline throughout
the study (Figure 7A–C). The effect of LL spasticity was
assessed with questions related to the difficulty in par-
ticipating in usual recreational activities, putting on
shoes, or use of the leg to exercise. The proportion of
participants categorizing LL activities as very or
extremely difficult generally decreased after the first
treatment, as compared to baseline (Figure 7D–F).

Safety data are presented in part in Table 7; full
data are presented in Table S3. There were nine
treatment-related AEs, shown according to MedDRA
terms. Dysphagia, asthenia, drug tolerance, peripheral
edema, and decreased grip strength were each
reported by one participant. Four participants reported
muscular weakness. A total of three treatment-related
serious AEs were reported among two participants:
dysphagia, muscular weakness, and slow speech.

DISCUSSION

Controlled trials have established the safety and effi-
cacy of onabotA to treat UL37–40 and LL18,41,42 spastic-
ity, most often in post-stroke participant populations.
Stroke was the underlying etiology in nearly three-
fourths of the participants concurrently treated for UL
and LL spasticity in this sub-analysis. Clinician- and
participant-reported outcomes reported here demon-
strate improvements in pain, disability, and QoL in par-
ticipants who received one or more concurrent
treatments to UL and LL during the same treatment
session over the 2-year study.

After treatment, the proportion of participants with
none or mild disability on the DAS generally increased,
with significant improvements pain, dressing, and pos-
ture, reflecting improvements in QoL. Although the
DAS has been validated for UL spasticity only,31 it has
also been used to evaluate LL spasticity.32 Our results
(including those from LL DAS) are consistent with a
recent study of UL and LL spasticity that divided the
total BoNT/A recommended dose between UL and LL,
with positive effects on gait.24 Taken together, reduc-
tions in difficulty in completing everyday activities noted
on the SIA, combined with improvements in pain,
dressing, and posture on the DAS, are consistent with
improved QoL in participants concurrently treated
with onabotA for UL and LL spasticity.

Pain is also likely to play a central role in QoL in par-
ticipants who experience pain due to spasticity.43

Model-estimated NPRS scores revealed significant
decreases in pain after treatment with onabotA across
most treatments, consistent with reports from most par-
ticipants that onabotA treatment improved their
spasticity-related pain in this and other published stud-
ies.44,45 Although the precise mechanism by which

F I GURE 4 Pain on NPRS, model-estimated means (95% CI). NPRS rates the level of pain experienced in the last 24 hours from 0 (no pain)
to 10 (highest pain imaginable). The baseline NPRS was evaluated at office visit 1; response to treatments 2 to 8 was collected by phone or
online after each treatment. The baseline NPRS reflects the initial measurements available for the cohort participants treated at any subsequent
time point. ***p ≤ .0001; **p ≤ .001; *p ≤ .05. NPRS, Numeric Pain Rating Scale; n (baseline), number of participants with NPRS values recorded
at visit 1; n (Tx 1 to Tx 8), number of NPRS responses recorded via phone or online after each treatment; Tx, treatment.
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onabotA reduces pain is not fully understood, several
factors may contribute to its effect on pain: neurotrans-
mitter and neuropeptide release from nociceptive
terminals,46–48 modulation of surface expression of
pain receptors and ion channels,47 and anticholinergic
effects at the neuromuscular junction that reduce
excessive contractions and the painful spasms that
often accompany such contractions.49

The majority of participants and physicians indi-
cated that they were satisfied with the duration of treat-
ment, and that, taking everything into account, they
would continue to use onabotA to treat their spasticity.
A smaller proportion of participants than physicians
indicated that spasticity-related pain was “not
applicable,” suggesting that some participants either do
not experience meaningful pain associated with their

spasticity or may not fully communicate the level of
pain. Most participants and clinicians agree that, con-
sidering all factors, they would continue to use onabotA
to manage spasticity.

The dosing, muscles selected (including any doses
above 400 U and any muscles not specifically listed in
the label36), and location method were at the complete
discretion of the provider. Consistent with our results,
clinicians may choose to treat beyond the 400 U label
in real-life practice because multiple muscles may need
to be treated to address participant needs and optimize
outcomes. Consistent with this idea, a recent report
demonstrated that most doses above 400 U (up to and
including those at 800 U and above) of onabotA for the
treatment of spasticity were used in the concurrent
treatment of UL and LL spasticity.50 Our results

F I GURE 5 Pain reduction and treatment satisfaction reported by participants. N/A responses to panel C (the only question for which N/A
could have been selected) are not included in vertical bars but are included in the total number of respondents below each treatment. N/A
responses to the question posed in C were as follows: Tx 1 to Tx 3, n = 14; Tx 4, n = 16; Tx 5, n = 17; Tx 6, n = 10; Tx 7, n = 9; Tx 8, n = 5.
Missing or ambiguous responses resulted in variation in the number of n’s for each panel. BOTOX, onabotulinumtoxinA; n, the number of
participants responded to each question; N/A, not applicable; Tx, treatment.
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demonstrate clinicians’ ability to select and deliver a
dose tailored according to each participant’s clinical
need while minimizing side effects, as evidenced by the
relatively low number of treatment-related AEs and
treatment-related serious AEs reported. Treatment with
onabotA was well tolerated in this population, with no
new safety signals identified.

Limitations

Due to the observational nature of this study, the study
was non-blind and non-randomized, with relatively low
sample sizes for some treatment sessions. This study
consisted of predominantly White stroke survivors, many
of whom were non-naïve to onabotA for the treatment of
spasticity. Given these limitations, and along with the

broad inclusion criteria and range of doses employed in
this study, the generality of this analysis is limited; results
must be interpreted with caution. Participants unsatisfied
with treatment may have elected to discontinue treat-
ment with onabotA, creating a bias toward those who
may have realized or anticipated a treatment benefit from
onabotA. Although enrollment was limited to those who
could answer questions (in the opinion of the treating
HCP), some participants were either unable to answer
questions or were otherwise unavailable to answer ques-
tions. Thus, participant-reported outcomes were gener-
ally fewer in number than clinician-reported outcomes.
Studies such as this one cannot address any potential
ceiling effect for onabotA injections over time, due to the
observational nature of this study, along with variations
in individual participant dosing, injection intervals, and
possible concurrent adjunctive therapies.

F I GURE 6 Pain reduction and treatment satisfaction reported by physicians. N/A responses to panel C (the only question for which N/A
could have been selected) are not included in vertical bars but are included in the total number of respondents below each treatment. N/A
responses to the question posed in C were as follows: Tx 1–2, n = 59; Tx 3, n = 50; Tx 4, n = 41; Tx 5, n = 34; Tx 6, n = 26; Tx 7, n = 7).
BOTOX, OnabotulinumtoxinA; n, the number of participants responded to each question; N/A, not applicable; Tx, treatment.
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F I GURE 7 Spasticity Impact Assessment (SIA) of upper limb (A–C) and lower limb (D–F) before (baseline) and after indicated treatments.
(A–F): Green, not at all or a little difficult; orange, somewhat difficult; navy blue, very or extremely difficult. The baseline SIA was evaluated at
office visit 1 (prior to injection); treatments 2 to 8 reflect the evaluation of the prior treatment (i.e., Tx 2 reflects the response to Tx 1) and
responses were collected by phone or online after each treatment. Missing or ambiguous responses resulted in variation in the number of n’s for
each panel. Tx, treatment; n, baseline, number of participants with SIA responses recorded at visit 1; n (Tx 1 to Tx 8), number responses
recorded via phone or online after each treatment.
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CONCLUSIONS

Outcomes from participants across seven different
countries are consistent with a significant and long-
lasting benefit in the concurrent treatment of UL and LL
spasticity with onabotA across a range of underlying
etiologies and geographic regions. Concurrent treat-
ment reduced functional impairment and pain associ-
ated with spasticity, resulting in improved QoL and a
high degree of treatment satisfaction from participants
and clinicians, with relatively few AEs overall, consis-
tent with the established safety and efficacy of onabotA
in the treatment of spasticity.26,28,36,39,51 Combined with
randomized controlled clinical trial data, these results
may help guide clinical use of onabotA and overall
management of spasticity in the hemiparetic and hemi-
plegic population with both UL and LL spasticity.
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TAB LE 7 Participant- and event-based TRAEs and TRSAEsa.

Participants (N = 275)

Participants, N (%)b Events, n

TRAEs

Any event 9 (3.3) 9

Dysphagia 1 (0.4) 1

Asthenia 1 (0.4) 1

Drug tolerancec 1 (0.4) 1

Peripheral edema 1 (0.4) 1

Decreased grip strength 1 (0.4) 1

Muscular weakness 4 (1.5) 4

All TRSAEs

Any event 2 (0.7) 3

Dysphagia 1 (0.4) 1

Muscular weakness 1 (0.4) 1

Slow speech 1 (0.4) 1

Abbreviations: TRAEs, treatment-related adverse events; TRSAEs, treatment-
related serious adverse events.
aAn event is categorized as treatment related if there is a reasonable possibility
of a causal relationship between the event and treatment with onabotA.
bIf a participant had the same event more than once, they are counted only
once for the participant counts and percentages.
cOne participant discontinued due to moderate immunity to onabotA.
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Conselleria de Sanidade Direcci�on, Comité Etico de
Investigacion Clínica Hospital Mútua de Terrassa,
Comité Etico de Investigacion Clínica Institut de
Recerca, Comitato Etico Interaziendale Novara, Comi-
tato Etico Interregionale Policlinico di Bari, Comitato
Etico Ospedale San Raffaele Ufficio Ricerche Cliniche,
Comitato Etico Fondazione Policlinico Universitario
“Agostino Gemelli”- Università Cattolica del Sacro
Cuore. The studies were conducted in accordance with
the International Conference for Harmonization guide-
lines, applicable regulations, and the Declaration of
Helsinki. All patients provided written informed consent
before screening.

ORCID
Gerard E. Francisco https://orcid.org/0000-0002-
5681-1916

REFERENCES
1. Turner-Stokes L, Ashford S, Esquenazi A, et al. A comprehen-

sive person-centered approach to adult spastic paresis: a
consensus-based framework. Eur J Phys Rehabil Med. 2018;54:
605-617.

2. Carmo AA, Kleiner AF, Costa PH, Barros RM. Three-
dimensional kinematic analysis of upper and lower limb motion
during gait of post-stroke patients. Braz J Med Biol Res. 2012;
45:537-545.

3. Brainin M, Norrving B, Sunnerhagen KS, et al. Poststroke
chronic disease management: towards improved identification
and interventions for poststroke spasticity-related complications.
Int J Stroke. 2011;6:42-46.

4. Adams MM, Hicks AL. Spasticity after spinal cord injury. Spinal
Cord. 2005;43:577-586.

5. Barnes MP, Kent RM, Semlyen JK, McMullen KM. Spasticity in
multiple sclerosis. Neurorehabil Neural Repair. 2003;17:66-70.

6. Odding E, Roebroeck ME, Stam HJ. The epidemiology of cere-
bral palsy: incidence, impairments and risk factors. Disabil
Rehabil. 2006;28:183-191.

7. Sunnerhagen KS, Opheim A, Alt MM. Onset, time course and
prediction of spasticity after stroke or traumatic brain injury. Ann
Phys Rehabil Med. 2019;62:431-434.

8. Trompetto C, Curra A, Puce L, et al. Spastic dystonia in stroke
subjects: prevalence and features of the neglected phenomenon
of the upper motor neuron syndrome. Clin Neurophysiol. 2019;
130:521-527.

9. Li S, Francisco GE. In: Wilson R, Ragnavan P, eds. Current
Concepts in Assessment and Management of Spasticity. Else-
vier; 2019.

10. Doan QV, Brashear A, Gillard PJ, et al. Relationship between
disability and health-related quality of life and caregiver burden
in patients with upper limb poststroke spasticity. PM R. 2012;4:
4-10.

11. Mauritz KH. Gait training in hemiplegia. Eur J Neurol. 2002;
9(Suppl 1):23-29.

12. Caty GD, Detrembleur C, Bleyenheuft C, Deltombe T,
Lejeune TM. Effect of simultaneous botulinum toxin injections
into several muscles on impairment, activity, participation, and
quality of life among stroke patients presenting with a stiff knee
gait. Stroke. 2008;39:2803-2808.

13. Laurent K, De Seze MP, Delleci C, et al. Assessment of quality
of life in stroke patients with hemiplegia. Ann Phys Rehabil Med.
2011;54:376-390.

14. Gillard PJ, Sucharew H, Kleindorfer D, et al. The negative
impact of spasticity on the health-related quality of life of stroke
survivors: a longitudinal cohort study. Health Qual Life Out-
comes. 2015;13:159.

15. Jankovic J. Botulinum toxin: state of the art. Mov Disord. 2017;
32:1131-1138.

16. Esquenazi A, Alfaro A, Ayyoub Z, et al. OnabotulinumtoxinA for
lower limb spasticity: guidance from a delphi panel approach.
PM R. 2017;9:960-968.

17. Simpson DM, Patel AT, Alfaro A, et al. OnabotulinumtoxinA
injection for poststroke upper-limb spasticity: guidance for early
injectors from a delphi panel process. PM R. 2017;9:136-148.

18. Kaji R, Osako Y, Suyama K, et al. Botulinum toxin type a in
post-stroke lower limb spasticity: a multicenter, double-blind,
placebo-controlled trial. J Neurol. 2010;257:1330-1337.

19. Bensmail D, Robertson J, Fermanian C, Roby-Brami A. Botuli-
num toxin to treat upper-limb spasticity in hemiparetic patients:
grasp strategies and kinematics of reach-to-grasp movements.
Neurorehabil Neural Repair. 2010;24:141-151.

20. Hesse S, Lucke D, Malezic M, et al. Botulinum toxin treatment
for lower limb extensor spasticity in chronic hemiparetic patients.
J Neurol Neurosurg Psychiatry. 1994;57:1321-1324.

21. Devier D, Harnar J, Lopez L, Brashear A, Graham G. Rehabilita-
tion plus OnabotulinumtoxinA improves motor function over
OnabotulinumtoxinA alone in post-stroke upper limb spasticity: a
single-blind, randomized trial. Toxins (Basel). 2017;9:9.

22. Francisco GE, Jost WH, Bavikatte G, et al. Individualized Ona-
botulinumtoxinA treatment for upper limb spasticity resulted in
high clinician- and patient-reported satisfaction: long-term obser-
vational results from the ASPIRE Study. PM R. 2020;12:
1120-1133.

23. Esquenazi A, Stoquart G, Hedera P, et al. Efficacy and safety of
abobotulinumtoxinA for the treatment of hemiparesis in adults
with lower limb spasticity previously treated with other botulinum
toxins: a secondary analysis of a randomized controlled trial. PM
R. 2020;12:853-860.

24. McAllister PJ, Khatkova SE, Faux SG, Picaut P, Raymond R,
Gracies JM. Effects on walking of simultaneous upper/lower limb
abobotulinumtoxinA injections in patients with stroke or brain
injury with spastic hemiparesis. J Rehabil Med. 2019;51:
813-816.

25. Francisco GE, Bandari DS, Bavikatte G, et al. Adult spasticity
international registry study: methodology and baseline patient,
healthcare provider, and caregiver characteristics. J Rehabil
Med. 2017;49:659-666.

26. Esquenazi A, Bavikatte G, Bandari DS, et al. Long-term obser-
vational results from the ASPIRE study: OnabotulinumtoxinA
treatment for adult lower limb spasticity. PM R. 2021;13:
1079-1093.

27. Esquenazi A, Francisco GE, Feng W, et al. Real-world adher-
ence to OnabotulinumtoxinA treatment for spasticity: insights
from the ASPIRE study. Arch Phys Med Rehabil. 2021;102:
2172-2184.e6.

28. Francisco GE, Bandari DS, Bavikatte G, et al. High clinician-
and patient-reported satisfaction with individualized Onabotuli-
numtoxinA treatment for spasticity across several etiologies from
the ASPIRE study. Toxicon X. 2020;7:100040.

29. Public Policy Committee ISoP. Guidelines for good pharmacoe-
pidemiology practice (GPP). Pharmacoepidemiol Drug Saf.
2016;25:2-10.

30. World Medical Association Declaration of Helsinki. Ethical princi-
ples for medical research involving human subjects. JAMA.
2013;310:2191-2194.

31. Brashear A, Zafonte R, Corcoran M, et al. Inter- and intrarater
reliability of the Ashworth scale and the disability assessment
scale in patients with upper-limb poststroke spasticity. Arch Phys
Med Rehabil. 2002;83:1349-1354.

BAVIKATTE ET AL. 1189

 19341563, 2024, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/pm

rj.13195, W
iley O

nline L
ibrary on [13/11/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0002-5681-1916
https://orcid.org/0000-0002-5681-1916
https://orcid.org/0000-0002-5681-1916


32. Lopez de Munain L, Valls-Sole J, Garcia Pascual I,
Maisonobe P, the VALGAS investigators group. Botulinum toxin
type A improves function according to goal attainment in adults
with poststroke lower limb spasticity in real life practice. Eur
Neurol. 2019;82:1-8.

33. Farrar JT, Pritchett YL, Robinson M, Prakash A, Chappell A.
The clinical importance of changes in the 0 to 10 numeric rating
scale for worst, least, and average pain intensity: analyses of
data from clinical trials of duloxetine in pain disorders. J Pain.
2010;11:109-118.

34. Farrar JT, Young JP, LaMoreaux L, Werth JL, Poole MR.
Clinical importance of changes in chronic pain intensity mea-
sured on an 11-point numerical pain rating scale. Pain. 2001;
94:149-158.

35. Mayer NH, Esquenazi A. Muscle overactivity and movement
dysfunction in the upper motoneuron syndrome. Phys Med
Rehabil Clin N Am. 2003;14:855-883.

36. Allergan, Inc. BOTOX (OnabotulinumtoxinA) Label. Accessed
May 10, 2023. https://www.accessdata.fda.gov/drugsatfda_
docs/label/2023/103000s5327lbl.pdf

37. Brashear A, Gordon MF, Elovic E, et al. Intramuscular injection
of botulinum toxin for the treatment of wrist and finger spasticity
after a stroke. N Engl J Med. 2002;347:395-400.

38. Childers MK, Brashear A, Jozefczyk P, et al. Dose-dependent
response to intramuscular botulinum toxin type A for upper-limb
spasticity in patients after a stroke. Arch Phys Med Rehabil.
2004;85:1063-1069.

39. Kaji R, Osako Y, Suyama K, et al. Botulinum toxin type A in
post-stroke upper limb spasticity. Curr Med Res Opin. 2010;26:
1983-1992.

40. Simpson DM, Alexander DN, O’Brien CF, et al. Botulinum toxin
type A in the treatment of upper extremity spasticity: a random-
ized, double-blind, placebo-controlled trial. Neurology. 1996;46:
1306-1310.

41. Dunne JW, Gracies JM, Hayes M, Zeman B, Singer BJ,
Multicentre Study G. A prospective, multicentre, randomized,
double-blind, placebo-controlled trial of OnabotulinumtoxinA to
treat plantarflexor/invertor overactivity after stroke. Clin Rehabil.
2012;26:787-797.

42. Wein T, Esquenazi A, Jost WH, Ward AB, Pan G, Dimitrova R.
OnabotulinumtoxinA for the treatment of poststroke distal lower
limb spasticity: a randomized trial. PM R. 2018;10:693-703.

43. Andresen SR, Biering-Sorensen F, Hagen EM, Nielsen JF,
Bach FW, Finnerup NB. Pain, spasticity and quality of life in indi-
viduals with traumatic spinal cord injury in Denmark. Spinal
Cord. 2016;54:973-979.

44. De Icco R, Perrotta A, Berra E, et al. OnabotulinumtoxinA
reduces temporal pain processing at spinal level in patients with
lower limb spasticity. Toxins (Basel). 2019;11:11.

45. Wissel J, Ganapathy V, Ward AB, et al. OnabotulinumtoxinA
improves pain in patients with post-stroke spasticity: findings
from a randomized, double-blind, placebo-controlled trial. J Pain
Symptom Manage. 2016;52:17-26.

46. Pavone F, Luvisetto S. Botulinum neurotoxin for pain manage-
ment: insights from animal models. Toxins (Basel). 2010;2:
2890-2913.

47. Colhado OC, Boeing M, Ortega LB. Botulinum toxin in pain treat-
ment. Rev Bras Anestesiol. 2009;59:366-381.

48. da Silva LB, Kulas D, Karshenas A, et al. Time course analysis
of the effects of botulinum neurotoxin type A on pain and vaso-
motor responses evoked by glutamate injection into human tem-
poralis muscles. Toxins (Basel). 2014;6:592-607.

49. Arezzo JC. Possible mechanisms for the effects of botulinum
toxin on pain. Clin J Pain. 2002;18:S125-S132.

50. Bavikatte G, Esquenazi A, Dimyan MA, et al. Safety and real-
world dosing of OnabotulinumtoxinA for the treatment of adult
spasticity: post hoc analysis of the adult spasticity international
registry study. Am J Phys Med Rehabil. 2024.

51. Turkel CC, Bowen B, Liu J, Brin MF. Pooled analysis of the
safety of botulinum toxin type A in the treatment of poststroke
spasticity. Arch Phys Med Rehabil. 2006;87:786-792.

SUPPORTING INFORMATION
Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Bavikatte G,
Francisco GE, Jost WH, et al. Pain, disability,
and quality of life in participants after concurrent
onabotulinumtoxinA treatment of upper and lower
limb spasticity: Observational results from the
ASPIRE study. PM&R. 2024;16(11):1176‐1190.
doi:10.1002/pmrj.13195

This journal-based CME activity is designated
for 1.0 AMA PRA Category 1 Credit™. Effective
January 2024, learners are no longer required
to correctly answer a multiple-choice question
to receive CME credit. Completion of an evalua-
tion is required, which can be accessed using
this link, https://onlinelearning.aapmr.org/. This
activity is FREE to AAPM&R members and
available to nonmembers for a nominal fee.
CME is available for 3 years after publication
date. For assistance with claiming CME for this
activity, please contact (847) 737–6000. All
financial disclosures and CME information
related to this article can be found on the Online
Learning Portal (https://onlinelearning.aapmr.
org/) prior to accessing the activity.

1190 HEMIPARETIC SPASTICITY TREATED WITH onabotA

 19341563, 2024, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/pm

rj.13195, W
iley O

nline L
ibrary on [13/11/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/103000s5327lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/103000s5327lbl.pdf
info:doi/10.1002/pmrj.13195
https://onlinelearning.aapmr.org/
https://onlinelearning.aapmr.org/
https://onlinelearning.aapmr.org/

	Pain, disability, and quality of life in participants after concurrent onabotulinumtoxinA treatment of upper and lower limb...
	INTRODUCTION
	METHODS
	Study design and setting
	Control for bias
	Study population/participants
	Outcomes and data sources
	Statistical analysis

	RESULTS
	Participant disposition, demographics, and clinical characteristics
	Clinical presentations and treatment utilization
	Treatment outcomes

	Pain, disability, and QoL as measured on the DAS
	Pain and treatment satisfaction
	Functional impairments and QoL

	DISCUSSION
	Limitations

	CONCLUSIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	DISCLOSURES
	ETHICS STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


