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Abstract.
BACKGROUND AND OBJECTIVE: Stroke patients with a moderately to severely affected hand may be impeded in
exploiting their full arm-hand training potential during rehabilitation due to spasticity. Reducing early signs of spasticity in
sub-acute stroke patients may lead to improvements in arm-hand-function and arm-hand-skill-performance.
METHODS: Single-case-experimental-design and meta-analysis. Ten sub-acute stroke patients (Modified-Ashworth-
Scale:1 + to 3) participated. Training: 2x6 weeks, using a well-described arm-hand regime (therapy-as-usual). Botulinum-toxin
was administered once within 5 weeks after onset of therapy-as-usual. Measures: Action-Research-Arm-Test, ABILHAND,
Fugl-Meyer-Assessment, grip-strength, Motricity-Index.
RESULTS: At group level, after baseline trend correction, adjusting for spontaneous recovery and therapy-as-usual effects,
the added-value of botulinum-toxin-A on arm-hand-function and arm-hand-skill-performance was not confirmed. However,
non-detrended data revealed significant improvements over time on arm-hand-function and arm-hand-skill-performance level
(p ≤ 0.037). Conversely, at individual level, after baseline trend correction, 7/10 patients improved on arm-hand-function:
Fugl-Meyer-Assessment (N = 4; p ≤ 0.019), grip-strength (N = 3; p ≤ 0.014), Motricity-Index (N = 4; p ≤ 0.002), whereas
6/10 patients improved on arm-hand-skill-performance: Action-Research-Arm-Test (N = 3; p ≤ 0.042), ABILHAND (N = 5;
p ≤ 0.034).
CONCLUSION: Application of botulinum-toxin-A may have an added-value in a substantial part of sub-acute stroke patients
suffering from spasticity early post-stroke and who, at the point of therapy admission, display no dexterity. It may improve
their arm-hand performance when combined with a well–defined therapy-as-usual.
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1. Introduction

The presence of spasticity in (sub-acute) stroke
survivors is acknowledged as a hindrance in elic-
iting voluntary movement in the affected arm and
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hand, and may impede both arm-hand function and
arm-hand skill performance enhancing interventions
(Baker & Pereira, 2015; G. Sheean, Lannin, Turner-
Stokes, Rawicki, & Snow, 2010).

In contrast to patients with a mildly impaired hand,
patients with a moderately to severely affected hand
show an uncertain, non-linear trend regarding arm-
hand recovery (Prabhakaran et al., 2008; Winters,
Kwakkel, Nijland, & van Wegen, 2016). In some of
these patients improvements in arm-hand function
(AHF) and arm-hand skill performance (AHSP) is
observed due to e.g. spontaneous recovery and the
therapy they receive, especially in the early phase
post-stroke (J.A. Franck, Smeets, & Seelen, 2017;
K. Hayward, Kuys, Barker, & Brauer, 2014). A sub-
stantial part of these patients experience moderate
to severe grades of spasticity (Modified Ashworth
Scale (MAS) scores 1 + to 3 (Ashworth, 1964; Bohan-
non & Smith, 1987) in the sub-acute phase post
stroke (Lundstrom, Smits, Terent, & Borg, 2010;
Sunnerhagen, 2016; Wissel et al., 2015). Due to a
combination of muscle weakness and spasticity in
the affected arm and hand, sub-acute stroke patients
with a moderately to severely affected arm-hand
may be unable to attend functional rehabilitation
training programs, which may lead to a delay in
their functional recovery, or in failure to achieve
specific treatment goals in arm hand rehabilitation
(Demetrios et al., 2014; Esquenazi & Mayer, 2004).
Eventually, this may reduce their, already limited,
possibilities to use their affected arm-hand in daily
activities.

Spasticity occurring in the affected arm and hand
can be reduced by using botulinum toxin (BoNT)
injections (Royal College of Physicians, 2018; G.
Sheean et al., 2010). In the past, BoNT injections
were often applied as a single (pharmacological)
intervention. However, effective management of
reducing spasticity and enhancing hand function
demands a holistic, interdisciplinary approach in
which spasticity management interventions are inte-
grated in an overall rehabilitation program (Baker &
Pereira, 2015; Bhakta, 2000; Devier, Harnar, Lopez,
Brashear, & Graham, 2017; Esquenazi, Novak,
Sheean, Singer, & Ward, 2010; Prazeres et al., 2018;
Royal College of Physicians, 2018; Takekawa et al.,
2013; Wolf et al., 2012). Nowadays, BoNT is more
frequently applied in combination with other forms
of therapy, like, for instance, physical or occupa-
tional therapy (Devier et al., 2017; Kinnear, Lannin,
Cusick, Harvey, & Rawicki, 2014; Royal College of
Physicians, 2018). When BoNT is applied adjunct to

arm-hand rehabilitation interventions, one may first
observe a decrease of spasticity well before improve-
ment of AHF. During this time frame, based on motor
relearning principles, patients are trained to learn how
to use their upper limb muscles with reduced mus-
cle tone within arm-hand function and arm-hand skill
performance tasks (Francis et al., 2004).

In the past decade, a substantial number of therapy
approaches were developed in which botulinum toxin
was provided adjunct to therapy targeting deficits in
AHF and AHSP (Demetrios et al., 2014; Devier et al.,
2017; Kinnear et al., 2014; Kuo & Hu, 2018; Mon-
aghan et al., 2011; Royal College of Physicians, 2018;
Ward et al., 2014). However, reports on the effects
of these approaches have been ambiguous (Baker &
Pereira, 2015; Dong, Wu, Xiaohua, & Wang, 2017;
Foley et al., 2013; Kinnear et al., 2014; Prazeres et al.,
2018; Royal College of Physicians, 2018; Turner-
Stokes, Fheodoroff, Jacinto, & Maisonobe, 2013;
Wolf et al., 2012). Significant though modest results
regarding active AHF after arm-hand rehabilitation
combined with BoNT were reported in the system-
atic reviews by Foley et al. (2013) and Baker et al.
(2015). Also Takekawa et al. (Takekawa et al., 2013)
and Devier et al. (Devier et al., 2017) demonstrated
improved AHF in chronic stroke patients with a mod-
erately to mildly impaired arm-hand who received
botulinum toxin in combination with a tailored arm-
hand rehabilitation program. However, Shaw et al.
(Shaw et al., 2011), Prazeres et al. (Prazeres et al.,
2018) and Wolf et al. (Wolf et al., 2012) found no
added-value of the injection of BoNT versus placebo
both immediately followed by an arm-hand rehabili-
tation program with respect to AHF in chronic stroke
patients. Furthermore, a recently published meta-
analysis of Andringa and colleagues reported lack
of effects of BoNT on arm-hand capacity (Andringa
et al., 2019).

Important factors that may explain the ambiguity
regarding the demonstration of functional improve-
ments in AHF and AHSP after the application of
arm-hand rehabilitation combined with botulinum-
toxin are:

– First, the diversity regarding (often undefined)
therapy type and therapy intensity applied in
conjunction with botulinum toxin across the
studies (Demetrios et al., 2014; Foley et al.,
2013). Studies of interventions combined with
botulinum-toxin have tended to focus on sin-
gle treatment modalities as for instance the
application of electrical stimulation (Hesse,
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Reiter, Konrad, & Jahnke, 1998), constraint-
induced movement therapy (CIMT) (Sun et al.,
2010), and task-specific practice (Weber et al.,
2010). The set-up of these studies deviates from
arm-hand interventions delivered in day-to-day
arm-hand rehabilitation settings which normally
consist of a complex array of interventions,
adjusted to the patient’s individual needs.

– Secondly, the diversity in patient characteristics
like post-stroke time and stroke location (Fran-
sisco, 2007; Picelli et al., 2014; Wissel et al.,
2015): The majority of the studies published,
included chronic stroke patients with a mildly
to moderately affected arm-hand.

– Thirdly: the different pathophysiological mech-
anisms leading to spasticity and how the latter
affects neuromuscular control (Lieber, Roberts,
Blemker, Lee, & Herzorg, 2017). Given their
biomechanical properties, muscles need time
to change after having been injected with
botulinum toxin, and one may assume that the
course of this process may differ considerably
between subjects.

The most effective combination of therapy ap-
proaches, to be applied in conjunction with the
application of BoNT, has not been identified yet
(Demetrios et al., 2014; Kinnear et al., 2014). This
especially holds in sub-acute stroke patients with a
moderately to severely affected arm-hand. Consid-
ering the severity of the disability that has to be
overcome, and in order to achieve a clinically impor-
tant change in AHF and ASHP, it is essential to
evaluate the patient’s full potential within the lim-
ited time-window of recovery. However, the optimal
type (approach, setting and modalities) and intensity
of therapy to improve AHF and AHSP in this partic-
ular group of stroke patients is unclear and is often
based on expert opinion only.

CARAS (acronym for: Concise Arm and hand
Rehabilitation Approach in Stroke) (J.A. Franck,
Halfens, Smeets, & Seelen, 2015) is a well-defined
arm-hand rehabilitation treatment for stroke sur-
vivors with a moderately to severely affected
arm-hand. The CARAS approach provides clinicians
with clear rationales to assist a broad range of sub-
acute stroke patients who cope with hand dexterity
problems towards attaining a certain level of AHF and
AHSP (J.A. Franck et al., 2015). In CARAS, patients
are allocated to one of three training programs,
classified according to the UAT (Utrecht Arm-hand
Test) scores (Kruitwagen-van Reenen, Post, Mulder-
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Fig. 1. Schematic representation of the study design. ABoNt-
A = application of ABoNt-A. Phase A = 3 - 6 weeks of training
in CARAS, program 2. Phase B = CARAS training in program
2 after ABoNt-A injections. Phase C = Measurement moments
from 2 till 12 weeks after CARAS. Dotted line: experimental
stimulus or intervention. Dark dots: measurements of outcome
variable X.

Bouwens, & Visser-Meily, 2009). Program 1 is for
persons with a severely impaired AHF (UAT 0-1),
whereas Program 2 consists of a ‘gross motor grip
performance training’, designed for persons with a
moderately impaired AHF (UAT 2-3). Program 3
targets stroke patients with a mildly impaired AHF
(UAT 4–7). Program 1 and program 3 cover a train-
ing period of six consecutive weeks. Due to their
moderate level of arm-hand impairment at the initial
phase of their rehabilitation period, patients admitted
to Program 2 participate in a 12-week during train-
ing period, consisting of 2 × 6 consecutive weeks,
called ‘training episode 1’ and ‘training episode 2’,
graphically presented in Fig. 1.

The aim of the present study is to investigate
the added-value of reduction of early signs of spas-
ticity on improving arm-hand function (AHF) and
functional arm-hand skill performance (AHSP) in
sub-acute stroke patients with either a severely or
moderately affected arm-hand (Utrechtse Arm-hand
Test (UAT) (Kruitwagen-van Reenen et al., 2009)
score 1–3) and moderate to severe grades of spastic-
ity, i.e. Modified Ashworth Scale (MAS) score 1 + to
3 (Ashworth, 1964) adjunct to therapy-as-usual.

Our research hypothesis is:
In sub-acute post-stroke patients with a moderately

to severely affected arm-hand (UAT score 1–3) and
moderate to severe grades of spasticity, reduction of
spasticity in the shoulder, arm and hand muscles,
adjuvant to a well-defined arm-hand rehabilitation
approach leads to significant and clinically relevant
improvements in arm-hand function and arm-hand
skill performance.
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2. Methods

The present study featured 1) a multiple base-
line single case experimental design (Barlow, 2008)
involving 10 individuals in the sub-acute phase after
a stroke, and 2) a meta-analysis or group analysis
of the data of all these 10 single cases. To cor-
rect for improvements caused by e.g. spontaneous
recovery and/or other treatment received, all-time
series per subject were linearly detrended for any
baseline trends. As presented in Fig. 1, the study
covered three phases (A, B and C) in which each
participant underwent sequential observations and
measurements, generating a time series per patient
per outcome measure.

Measurements were repeatedly performed at base-
line, with a time interval of one week. Baseline
length randomly varied between 3–6 weeks across
subjects during the first training period, i.e. phase A,
in which CARAS was applied, the rationale of which
has been reported by Franck et al., (Franck et al.,
2015). Consecutive to phase A, phase B started once
the Abobotulinum toxin-A (ABoNt-A) was injected,
which was administered adjunct to CARAS. Both
phases together encompassed 12 weeks. Measure-
ments were continued using the 1-week intervals
until the end of the second 6-weeks training period
(phase B). Finally, measurements performed during
the ensuing 3 months follow-up (phase C) were inter-
spaced by two weeks. A detailed description of this
study protocol has been presented by Franck et al.,
(Franck, Smeets, Renders, & Seelen, 2018)

This study received ethical approval from the Med-
ical Ethics Committee of Maxima Medical Centre in
Veldhoven, the Netherlands (METC reference num-
ber: W16.027; CCMO code: 56494.015.16). This
study was conducted according to the principles
of the Declaration of Helsinki (version October
2013) and in accordance with the Dutch Medi-
cal Research Involving Human Subjects Act (Wet
medisch-wetenschappelijk onderzoek met mensen
(WMO) (Nederlandse Rijksoverheid [Dutch Govern-
ment]).

2.1. Study population

First, sub-acute stroke patients admitted to the
department of Brain Injury Rehabilitation at Adelante
rehabilitation centre in Hoensbroek, the Netherlands,
were informed about the content and purpose of the
study. Subsequently, they were asked to participate
in this study. Written informed consent was obtained

from all participants prior to the start of their partici-
pation in this study.

Patients with a moderately to severely affected
arm-hand (UAT score; 1–3) who developed early
signs of spasticity in the arm and/or hand, i.e. within
5 weeks after start of arm-hand treatment (CARAS),
remained in the study. In patients who had a severe
paretic arm and hand (UAT score 1–3) at admis-
sion to the rehabilitation centre, but who did not
develop early signs of spasticity within 5 weeks after
start of arm-hand treatment (thereby not being in the
target group), were excluded from the study and mea-
surements used in the study ceased. However, they
continued their arm-hand rehabilitation in program
2 as ‘therapy-as-usual’ combined with their regular
therapy-related measurements. Any research data of
the latter patient group recorded for the sole purpose
of the research was discarded.

2.2. Inclusion criteria

In order to be eligible to participate in this study,
a subject had to meet all of the following criteria:
Age> = 18 years; stroke; sub-acute phase after stroke,
i.e. between 2 weeks and 3 months post-stroke; mod-
erate to severe paretic arm and hand (UAT score 1–3);
functional disabling spasticity in the upper extrem-
ity: Modified Ashworth Scale (MAS) score 1 + to 3
(developing within 5 weeks after the start of arm-hand
treatment); Eligible to participate in the CARAS pro-
gram for a period of 12 weeks; Able to understand the
questionnaires and measurement instructions.

2.3. Exclusion criteria

A subject who met any of the following criteria was
excluded from participation in this study: severe non-
stroke related co-morbidity that may interfere with
arm-hand function; additional complaints that may
interfere with the execution of the measurements; no
informed consent.

2.4. Procedures

Patients with a moderately to severely affected
arm-hand were asked to participate in the study before
the start of the arm-hand treatment regime, i.e. pro-
gram 2 (gross motor grip performance training) of
CARAS (Franck et al., 2015). Once admitted, mea-
surements started according to the study protocol
(Franck et al., 2018).
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The training duration of CARAS’ program 2
contained 2 × 6 weeks. A single week of training
consisted of 3 days of 1.5 hours training time. All
training sessions contained the following structure:
Patients started with training on a personal goal for 5
– 10 minutes, followed by 45 minutes of training fitted
to arm-hand motor control issues, sub-goals and the
patient’s current performance level, which was deter-
mined by therapists prior to admission. After these 45
minutes of training, the patient worked 5 – 10 min-
utes towards his or her personal goal again. CARAS is
the standard therapy (therapy-as-usual) provided by
physiotherapists and occupational therapists to stroke
patients with arm-hand problems who are admitted
to Adelante rehabilitation centre for treatment. Once
enrolled in CARAS’ program 2, the patient’s level
of impairment and personal needs were determined,
and tailored interventions were applied (Franck et al.,
2015).

Patients who showed early signs of spasticity
(MAS score 1 + to 3) within the first 5 weeks of train-
ing episode 1 of CARAS were treated with ABoNt-
A. The latter occurred within 1 week after the sever-
ity of spasticity was determined. Target muscles
in the shoulder, arm and forearm were identified
using echography. In order to avoid muscles getting
excessively weakened, thereby losing their ability to
facilitate movements, ABoNt-A dosages were limited
to 50% of the prescribed amount related to the target
muscle. (Bakheit et al., 2001; Ipsen, 2016; Suputti-
tada & Suwanwela, 2005).

In patients who had a moderately to severely
affected arm and hand at point of admission but who
did not develop spasticity (MAS score 1 + to 3) within
5 weeks after the start of the arm-hand treatment
(thereby not being in the target group), measurements
ceased.

2.5. Outcome measures

2.5.1. Primary outcome measures
Changes in patient’ arm-hand skill performance

capacity was measured using the Action Research
Arm test (ARAT). The ARAT is a valid and reli-
able instrument, sensitive to change in measuring
upper limb capacity at activity level in patients with
stroke (Hsieh, Hsueh, Chiang, & Lin, 1998; Van der
Lee, Roorda, Beckerman, Lankhorst, & Bouter, 2002;
Yozbatiran, Der-Yeghiaian, & Cramer, 2008). The 19
items are scored on a 4-point scale, with a total score
ranging from 0 to 57.

2.5.2. Secondary outcome measures
Perceived performance was measured by the

ABILHAND, a Rasch-analyzed test, which measures
the level of manual ability in terms of the difficulty
perceived by patients with hand impairments in their
daily life (Ashford, Slade, Malaprade, & Turner-
Stokes, 2008). It focuses on 23 bimanual activities
that are representative for a person’s daily activities
(Penta, Tesio, Arnould, Zancan, & Thonnard, 2001;
Penta, Thonnard, & Tesio, 1998), using a 3-level ordi-
nal rating scale: impossible (0), difficult (1), and easy
(2) to perform. The ABILHAND is valid, responsive
and clinically useful (Ashford et al., 2008; Penta et al.,
2001).

At function level, the Fugl-Meyer Motor Assess-
ment (FMA), Motricity Index (MI) (Demeurisse,
Demol, & Robaye, 1980) and JAMAR hand-held
dynamometer (grip strength) were used. The FMA
(part upper extremity) is a reliable and valid instru-
ment to measure AHF in stroke patients (Gladstone,
Danells, & Black, 2002; Salter, Teasell, Foley, &
Jutai, 2007), with a score ranging from 0 to 66. The
JAMAR hand-held dynamometer was used to mea-
sure grip strength of the hand (in kgf) (Hamilton,
McDonald, & Chenier, 1994).

2.6. Data processing and statistical analysis

2.6.1. Handling of missing values
When 1 or 2 (temporally adjacent) value(s) in

a time series of data were missing, these missing
value(s) were estimated by linear interpolation using
the two valid adjacent values in the time series. In case
of the final time series’ observation missing, the ‘last-
observation-carried-forward’ principle was used. In
case of 3 or more missing values, the whole case was
discarded.

2.6.2. Data analysis
An in-depth overview of the different data analyses

techniques used in this study as well as their rationale
have been reported by Franck et al. (J. A. Franck et al.,
2018).

First, all-time series per subject were linearly de-
trended for any baseline trends, using a least squares
method, to (partially) compensate for improvements
caused by e.g. spontaneous recovery and/or other
treatment received. This was done for the time series
of the ARAT, ABILHAND, FMA, JAMAR and MI.
The residuals, i.e. the detrended (and thereby ren-
dered mutually independent) data, were subsequently
analysed for each participant. Furthermore, mean
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residual data per subject per measure (FMA, MI, grip
strength, ARAT and ABILHAND) were calculated
for the baseline phase (Phase A), for the treatment
phase after application of the spasticity reducing ther-
apy (Phase B), and for the follow-up period (Phase
C). These data were analysed at group level.

2.6.3. Group level data
At group level, first, mean data per subject per mea-

sure (FM, MI, grip strength, ARAT and ABILHAND)
were calculated for the baseline phase (Phase A), for
the treatment phase after application of the spastic-
ity reducing therapy (Phase B), and for the follow-up
period (Phase C). Statistical (within-group) analysis
of these data included Friedman two-way analysis of
variance by ranks, followed by multiple comparison
using Wilcoxon signed ranks tests in a Bonferroni
approach. The latter was done to compensate for
spurious false positive findings (Siegel & Castellan,
1988).

Next, all-time series per subject were linearly de-
trended for any baseline trends, using a least squares
method, to (partially) compensate for improvements
caused by e.g. spontaneous recovery and/or other
treatment received. This was done for the ARAT,
ABILHAND, FM, JAMAR and MI. The residuals,
i.e. the detrended (and thereby rendered mutually
independent) data, were subsequently analysed at
group level. Statistical (within-group) analysis of
these data included Kruskal-Wallis one-way analysis
of variance tests and multiple comparison involv-
ing Mann-Whitney U-tests, again in a Bonferroni
approach.

2.6.4. Individual level data
At individual level, mean baseline trend-corrected

data, i.e. the residuals, per subject per measure (FM,
MI, grip strength, ARAT and ABILHAND) for all
three phases were used in the statistical analyses.
The latter included Kruskal-Wallis one-way analysis
of variance tests and multiple comparison involving
Mann-Whitney U-tests in a Bonferroni approach.

MAS results are reported descriptively.

3. Results

3.1. Patient characteristics and error
analysis

Thirteen patients entered the study. According to
the protocol, three participants left the study within

the first 5 weeks because they did not develop
spasticity in the shoulder, arm or hand. No further
drop-outs of study participants occurred. Ten patients
(all males) completed the study. No baseline values or
final follow-up values were missing. Missing values
were minimal (0.37%) and these data were estimated
using linear interpolation based on the two valid adja-
cent values in the time series.

Two serious adverse events were reported. One
patient underwent a one-day admission to the hospital
because of low blood sugar levels. One patient experi-
enced a recurrent (minor) stroke during the follow-up
phase, between the 3rd and the 4th measurement point
during the follow-up phase. None of these events were
in any way related to the study. Due to logistical rea-
sons, one patient was treated with ABoNt-A on the
Monday of week 7, instead of the originally planned
Friday of week 6 of Phase A.

Demographic and clinical baseline data of all par-
ticipants are presented in Table 1. Table 2 provides
details of the muscles treated with ABoNt-A and the
dosage of ABoNt-A per target muscle, expressed in
Units. Table 2 also presents the patients’ level of spas-
ticity as measured using the Modified Ashworth Scale
in phase A, phase B and phase C.

3.1.1. Group level data: General improvement
over time

Mean group values of the ARAT, ABILHAND,
FM, grip strength and MI for all three phases, i.e.
phase A, phase B and phase C are presented below.

ARAT: Overall, on average, all patients improved
over time on the ARAT (p = 0.002) across all three
phases. Furthermore, a multiple comparison analysis
revealed that mean ARAT values were significantly
improved in phase B, relative to the baseline data,
i.e. phase A (p = 0.005). Also, the mean ARAT
values calculated in phase C were significantly
higher compared to the baseline data (p = 0.013).
No statistical differences were found for the mean
ARAT data between phase B and C (p = 0.221).
Boxplots of ARAT results are presented in
Fig. 2a.

ABILHAND: Overall, on average, patients im-
proved over time on the ABILHAND (p = 0.001).
Multiple comparison revealed that ABILHAND
results were higher both in phase B and phase C,
relative to baseline data (p = 0.017 and p = 0.005
respectively). No significant differences were found
between phase B and C (p = 0.047). Boxplots of
ABILHAND results are presented in Fig. 3a.
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Table 1
Demographic and baseline characteristics of the study participants

P1 P3 P5 P6 P7 P8 P9 P10 P12 P13 Mean (sd)

Participants
Age (year) 50 62 70 51 66 77 49 65 31 42 56.3 (14.1)
Stroke Type Isch Isch Isch Isch Isch Isch Isch Isch Isch Hem
Lesion Site Lac ACM ACM RHns ACM ACM RHns Lac Lac BG
Impaired side L R R L R R L L R L
Dominant side L R R R R L R R R R
Days post-stroke 60 44 31 45 40 66 51 43 69 62 51.1 (12.6)

Measurements
UAT 1 2 2 2 2 2 2 2 2 2
ARAT 3 10 9 6 20 3 0 6 3 9 6.9 (5.6)
ABILHAND 0.364 –1.797 –1.044 –0.327 –0.853 0.048 –1.804 –0.791 0.008 0.263 –0.5933(0.797)
FM 17 17 34 26 39 23 11 17 15 25 22.4 (8.8)
Grip-strength(kg) 0 1.7 4 0 5 0 0 1.3 5.7 0.3 1.8 (2.3)
MI 58 39 49 61 64 44 34 33 49 50 48.1 (10.8)
MAS Elbow 2 1+ 1+ 1+ 1 1+ 1+ 1+ 0 1+

Wrist 0 0 0 0 1+ 2 0 2 1+ 0
Hand 0 0 0 0 1+ 2 1+ 2 2 0

Baseline length (in weeks) 4 4 4 5 5 7 6 4 3 5 4.7 (1.2)

Isch = Ischemic. Hem = Hemorrhagic. Lac = Lacunar. ACM = Artery Cerebri Media. RHns = Right Hemisferic, not specified. BG = Basal
Ganglia. UAT = Utrechtse Arm Hand Test. MAS = Modified Ashworth Scale. MI = Motricity Index. FM = Fugl Meyer. ARAT = Action
Research Arm Test. SD = Standard Deviation.

Table 2
Dosage of ABoNt-A per muscle (in Units), injection sites of target muscles, and grade of spasticity, measured using the MAS

Participants P1 P3 P5 P6 P7 P8 P9 P10 P12 P13

Muscles Injected: FDP 125 150 100 100 125 125 100
FDS 150 125 100 100 150 125 100 100
FPL 100
FCR 125 125 100 125 125 150 75
FCU 125 100 125 150
PrT 75

BBra 50 200
Total Dose of

BoNT-A (U): 500 300 200 275 200 300 500 500 500 250
MAS Score: PA PB PC PA PB PC PA PB PC PA PB PC PA PB PC PA PB PC PA PB PC PA PB PC PA PB PC PA PB PC

1 + 1+1+ 2 1 1 1 + 1 1+ 1 + 0 1 1 + 0 1 1 + 0 2 1 + 1+2 2 2 2 1 + 1+1+ 1 + 1+1

Fig. 2. Boxplots of Action Research Arm Test mean values (2a) and residuals mean values (2b). ARAT = Action Research Arm Test;
Circles = outlier value.
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Fig. 3. Boxplots of ABILHAND mean values (3a) and residuals mean values (3b). Circles = outlier value.

Fig. 4. Boxplots of FMA mean values (4a) and residuals mean values (4b). FMA = Fugl-Meyer Motor Assessment.

Fugl-meyer motor assessment: Overall, on aver-
age, patients improved over time on the FMA
(p = 0.001). Multiple comparison showed significant
changes between two of the three phases; between
phase A and phase B (p = 0.008), and phase A and
C (p = 0.005). No significant differences were found
between phase B and C (p = 0.037). Boxplots of FMA
results are presented in Fig. 4a.

Grip strength: Overall, on average, patients chan-
ged significantly over time regarding grip strength
(p = 0.001). Multiple comparison showed substan-
tial changes between phase B and phase C (p =
0.007) and phase A and phase C (p = 0.037). No sta-
tistical differences were found between phase A and
phase B (p = 0.093). Boxplots of grip-strength results
are presented in Fig. 5a.

Motricity index: Overall, on average, patients
improved over time on strength measured using the
Motricity Index (p = 0.014). Multiple comparison
showed significant improvements between all three
phases; phase A and B (p = 0.013), phase B and phase
C (p = 0.028) and phase A and phase C (p = 0.013).
Boxplots of MI results are presented in Fig. 6a.

3.1.2. Group level data: Changes over time,
corrected for baseline trends

Mean group values of the linearly baseline
detrended data of the ARAT, ABILHAND, FM, grip
strength and MI, are presented above.

Boxplots of the mean linearly baseline trend-
corrected ARAT, ABILHAND, FM, grip strength
and MI values for all 10 participants, for all three
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Fig. 5. Boxplots of Grip strength mean values (5a) and residuals mean values (5b). Circles = outlier value.

Fig. 6. Boxplots of MI mean values (6a) and residuals mean values (6b).

phases, are presented in Fig. 2b, 3b, 4b, 5b and 6b
respectively. No significant differences in the resid-
uals values of the ARAT, ABILHAND, FM, grip
strength and MI were found between either one of
the three phases (p > = 0.419).

3.1.3. Individual level data: Baseline trend
corrected time series for individual
participants

Single case time series: Regarding changes in arm-
hand capacity, for each participant, boxplots of ARAT
time series residuals for phase A, B and C are pre-
sented in Fig. 7.

In three patients (P1, P3 and P7) overall mean
ARAT residuals were higher in the follow-up phase
relative to the baseline phase (p < = 0.012). In the

remaining seven patients (P6, P8, P9, P10, P12
and P13) no statistically significant improvements in
mean ARAT residuals across phases were observed.
In one patient (P5) a statistically significant decrease
in mean ARAT residuals was observed between phase
A and phase C (p = 0.002).

P1 and P3 showed improvements over time across
phase A, B and C: Residuals from phase B were
higher compared to phase A, although this difference
did not attain statistical significance. In phase C a sig-
nificant improvement was observed relative to phase
B (p < = 0.004). ARAT residuals calculated in phase
C were significantly higher than those in phase A
(p < = 0.006). In P7 results were statistically signifi-
cantly different between phase A and C (p < = 0.010).
No significant differences were observed between
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Fig. 7. Boxplots of Action Research Arm Test residuals. Action Research Arm Test within-subject residuals for all subjects for Phase A,
Phase B and Phase C.

Table 3a
Mean residuals data per subject per phase for the ABILHAND, FM, grip strength and Motricity Index. Significant results are printed in bold

Measures P1 P3 P5 P6 P7 P8 P9 P10 P12 P13

Abilhand Overall 0.002 0.034 0.005 0.012 0.459 0.002 0.531 0.002 0.004 0.011
Phase A – Phase B 0.062 0.291 0.337 0.200 0.522 0.062 0.935 0.012 0.174 0.873
Phase B – Phase C 0.003 0.015 0.010 0.025 0.631 0.019 0.273 0.010 0.005 0.010
Phase A – Phase C 0.006 0.100 0.004 0.010 0.200 0.002 0.391 0.006 0.011 0.010

FM Overall 0.525 0.003 0.004 0.001 0.000 0.019 0.001 0.014 0.004 0.002
Phase A – Phase B 0.570 0.006 0.126 0.004 0.004 0.042 0.007 0.028 0.007 0.150
Phase B – Phase C 0.617 0.003 0.015 0.004 0.004 0.831 0.085 0.283 0.053 0.004
phase A – Phase C 0.234 0.408 0.004 0.004 0.004 0.012 0.003 0.008 0.011 0.004

Grip Strength Overall 0.001 0.010 0.006 0.002 0.014 0.272 0.278 0.134 0.003 0.001
Phase A – Phase B 0.004 0.061 0.055 0.109 0.010 0.734 0.223 0.291 0.126 0.025
Phase B – Phase C 0.010 0.046 0.078 0.006 0.522 0.201 0.784 0.063 0.003 0.004
Phase A – Phase C 0.006 0.010 0.004 0.004 0.016 0.156 0.153 0.273 0.011 0.004

Motricity Index Overall 0.001 0.001 0.002 0.001 0.002 0.001 0.001 0.001 0.002 0.001
Phase A – Phase B 0.012 0.012 0.025 0.004 0.010 0.007 0.007 0.004 0.006 0.006
Phase B – Phase C 0.003 0.004 0.010 0.004 0.025 0.033 0.011 0.004 0.017 0.004
Phase A – Phase C 0.006 0.006 0.004 0.004 0.006 0.002 0.003 0.006 0.011 0.004

phase A and B (p < = 0.025). In phase C, in three
participants, P1, P9 and P10 a return of spasticity
in wrist-and hand muscles was observed.

With respect to perceived arm-hand capacity
(ABILHAND) and to arm-hand function (FMA, grip
strength, MI) median and interquartile range of the
within-subject results of all measurements are shown
in Table 3a. Both the Kruskal-Wallis p-values and the
subsequent multiple comparison p-values regarding
phase A, B and C are presented in Table 3b.

4. Discussion

The aim of the present study was to investigate
the added-value of the reduction of early signs of
spasticity on improving arm-hand function and func-
tional arm-hand skill performance in sub-acute stroke
patients with either a severely or moderately affected
arm-hand (UAT score 1–3) and moderate to severe
grades of spasticity, i.e. MAS scores between 1 + to
3 adjunct to a well-defined arm-hand rehabilitation
approach (Franck et al., 2015).

To discern between spontaneous recovery and
therapy-as-usual effects on the one hand, and the
spasticity reducing treatment on the other hand,
two methodological approaches were used. Firstly,
a ‘multiple baseline single experimental design’ was
used. Secondly, the time series of each subject were
‘detrended’ for any baseline trends to investigate
the added-value of BoNt-A on changes in arm-
hand function (AHF) and arm-hand skill performance
(AHSP) in sub-acute stroke patients with a moderate
to severely affected arm-hand.

At group level, on average, participants improved
significantly regarding both AHF and AHSP in phase
B and C, relative to phase A, except for grip strength.
In contrast, after baseline trend correction, data at
group level did not confirm that the application of
ABoNt-A resulted in an additional improvement of
AHF and AHSP adjunct to therapy-as-usual, i.e.
CARAS. However, the application of linear detrend-
ing using the within-subject data baseline values
measured in phase A of the study may have led in
some cases to a) an overestimation of spontaneous
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recovery and therapy-as-usual effects in phase B and
C, and could therefore have led to an underestima-
tion of any unique effect of the ABoNt-A as applied
in phase B (administration of ABoNt-A).

At the individual level, as to each individual pa-
tient’s baseline detrended time series, data showed
that the injection of ABoNt-A in three out of the
ten participants resulted in significant additional im-
provements in arm-hand capacity, as measured with
the ARAT. Five patients improved at the level of
self-perceived performance, as measured with the
ABILHAND. Seven out of ten patients demonstra-
ted significant improvements in arm-hand function
(AHF). Four patients improved on motor function
measured with the FM, the Motricity Index and six
patients improved on (grip)-strength. In three patients
no beneficial effects from the contribution of ABoNt-
A during arm-hand rehabilitation were observed.
In one patient a decrease in ARAT residuals was
observed between the trainings phase and follow-up
phase.

To achieve the desired effect, i.e. a long lasting
improvement of AHF and AHSP in stroke patients
who suffer from spasticity, many authors recom-
mend to apply a person-tailored approach using a
distinct arm-hand rehabilitation intervention in con-
junction with botulinum toxin, coupled to relevant
AHF and AHSP outcome measures (Demetrios et al.,
2014; Devier et al., 2017; Foley et al., 2013; Kinnear
et al., 2014; Mills, Finlayson, Sudol, & O’Connor,
2016; Picelli et al., 2014; Royal College of Physi-
cians, 2018; G. Sheean et al., 2010). However, only
a minority of studies actually did combine reha-
bilitation and the application of botulinum toxin
including an arm-hand rehabilitation program which
is tailored to the patients’ individual characteristics
and adaptable to changes in AHF and AHSP level
throughout the study period. For example, Devier
and colleagues combined botulinum toxin during a
well described, patient-tailored arm-hand rehabilita-
tion program. They observed AHF improvements in
chronic stroke patients with a mildly affected hand
(Devier et al., 2017).

Despite the fact that at group level no significant
results as to the added-value of ABoNt-A adjunct
to therapy-as-usual were found, the individual data
show that several individuals showed significant
improvements on AHSP and even more on AHF. With
respect to these findings some remarks have to be
made. First, the study participants who demonstrated
higher baseline values on the Fugl-Meyer wrist and
hand section improved significantly at arm-hand skill

capacity level during phase B and/or C, in contrast to
participants with lower initial FMA values. FMA out-
come values are associated with cortico-spinal tract
integrity and recovery of the affected arm-hand (Jang
et al., 2003). Our results suggest that the former sub-
group may have benefitted more from spontaneous
recovery in the distal part of the arm during phase A,
compared to the latter subgroup and therefore may
have obtained higher levels of arm-hand capacity dur-
ing phase B and C. Maybe especially in the group of
patients who displayed significant improvements, the
application of botulinum toxin may have facilitated
the re-occurrence of voluntary movements that were
hampered by spasticity before.

Secondly, the application of the linear baseline
detrending of the time series may have led to an under-
estimation of the potential effects of the botulinum
toxin in three study participants regarding both AHSP
and AHF level during and after their treatment. Due
to the rapidity with which spontaneous recovery com-
bined with arm-hand training interventions occurred
during the first (baseline) phase of rehabilitation, the
linear detrending may have caused the aforemen-
tioned underestimation of any singular added-value
of the botulinum toxin application.

Three patients did not attain a significant arm-
hand capacity level because they showed MAS scores
between 1 + and 2 in the wrist and hand combined
with a low level of motor recovery in the distal part
of the arm, as measured with the FMA. The com-
bination of both a lack of strength in the wrist/hand
and the presence of spasticity in wrist and hand mus-
cles may have hampered progression at the level of
arm-hand capacity.

In these three patients, who coped with a very
low level of motor output in the distal part of their
arm, the flexor muscles of the wrist and/or fin-
gers were treated with ABoNt-A. However, patients
who received ABoNt-A in the wrist muscles and/or
hand muscles may experience a temporarily delay
in regaining hand function and the course of re-
learning how to use the affected hand. This is caused
by the combination of reduced muscle tone, changes
in spasticity and changes in muscle function of the
already weakened wrist-and hand muscles (Francis
et al., 2004; Fransisco, 2007). This phenomenon, i.e.
the loss of muscle function, may explain the lack of
significant grip strength improvement between the
baseline phase and the intervention phase in these
three patients. Ultimately, this could have led to
no statistically significant differences regarding arm-
hand capacity being found, as a certain level of grip
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strength is required to observe any progression at
arm-hand capacity level as measured with the ARAT.

Progression in AHF and AHSP may be hampered
by co-morbidity, especially in stroke survivors with
a moderately to severely affected arm-hand. Early
post-stroke spasticity is highly correlated with a low
motor ability level due to severe muscle weakness
(Francis et al., 2004), and a high level of ADL depen-
dency (Leathley et al., 2004; Lundstrom et al., 2010;
Opheim, Danielsson, Alt Murphy, Persson, & Sun-
nerhagen, 2015; Pundik, McCabe, Skelly, Tatsuika,
& Daly, 2018; Wissel et al., 2015), shoulder pain
(Lindgren, Jonsson, Norrving, & Lindgren, 2007;
Ratnasabapathy et al., 2003) or edema (Boomkamp-
Koppen, Visser-Meily, Post, & Prevo, 2005). These
symptoms were also present in the majority of the
patients who participated in the present study. In order
to regain control over goal-directed voluntary move-
ments of the hand as efficiently as possible, depending
on underlying sensory, motor or cognitive deficits,
the aforementioned symptoms were tackled using a
set-up of interventions aimed to the specific needs
and abilities of each participant. However, the mul-
titude of symptoms within a single subject affecting
AHF and AHSP outcome to a certain extent, may
have obscured the unique contribution of ABoNt-A
applied in this study.

The application of botulinum toxin is considered
an adjunct intervention with temporary effects (De
Paiva, Meuniere, Molgo, Aoki, & Dolly, 1999) that
provides a window of opportunity by temporarily
reducing spasticity (Demetrios et al., 2014). In the
follow-up phase of this study, a minority of the
participants experienced a return of spasticity in mus-
cles who were previously treated with ABoNt-A, a
phenomenon that negatively influenced progression
regarding AHF and AHSP. Besides the temporary
effect of botulinum toxin, patients with a low motor
ability level experience more spasticity and associ-
ated reactions (Bhimani & Anderson, 2014). These
associated reactions often appear and increase when
patients become more mobile when, for example,
they get out of their wheelchair and start walking
longer distances. This may have led to an increase in
tone and, eventually, in biomechanical and (neuro-)
physiological changes of the different tissues in the
affected arm-hand (G. Sheean, 2001) during the
training phase, thus negatively influencing AHF and
AHSP.

The overall results at group level of this study
are in line with Baker et al. who found significant
improvements in AHSP as measured by the ARAT

in sub-acute and chronic stroke patients with an
affected arm-hand who received BoNT in conjunc-
tion with arm hand training (Baker & Pereira, 2015).
Furthermore, the studies of Turner Stokes et al.
(2013) and Demetrios et al. (2015) reported substan-
tial improvements in AHF in moderately to mildly
impaired chronic stroke patients who participated in
an unspecified (high intensity) arm-hand rehabilita-
tion program (Demetrios et al., 2014; Turner-Stokes
et al., 2013). However, at group level, the baseline
trend-corrected data of our study did not confirm that
the application of ABoNt-A leads to an additional
improvement in moderately to severely impaired sub-
acute stroke patients.

This is in contrast with Cousins et al. (2010) who
showed a significant positive change in AHSP after
applying botulinum toxin in stroke individuals with
no arm function (Cousins, 2010).

However, in that study an undefined form of arm-
hand training and botulinum toxin was provided
simultaneously. This may have led to difficulties to
ascertain the added-value of the botulinum toxin.

A recently published systematic review found no
evidence that BoNT is effective in regaining arm-
hand use (Andringa et al., 2019). The major part
of this meta-analysis included studies containing
chronic stroke patients. Multiple studies included in
review did not offer adjunctive rehabilitation thera-
pies after botulinum toxin has been applied in order
to optimize voluntary control. Also information with
respect to the content and dose of arm-hand therapy
offered adjunctive to botulinum toxin was not clearly
described. These aforementioned factors make it
difficult to compare their results with our study,
involving stroke patients in the sub-acute phase, who
received ABoNt-A and participated in a defined high-
intensity arm-hand therapy regime.

Research concerning sub-acute stroke patients who
suffer from a non-functional hand (UAT 0–3) is scarce
in literature (Hayward, Barker, & Brauer, 2010; Ouja-
maa, Relave, Froger, Mottet, & Pelissier, 2009). From
a clinical point of view, exploring the possibilities for
training methods for this particular group, especially
in early post-stroke phase, is of utmost importance
because this could make the difference between either
no dexterity or regaining and maintaining dexter-
ity in patients. A further study with more focus on
why some individuals respond well to the combined
intervention of arm-hand therapy and ABoNt-A in
terms of AHF and AHSP progressions, while others
do not respond well to the combined intervention, is
warranted.
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5. Limitations of the study

The present study is not without limitations. The
application of linear detrending may probably have
led to an underestimation of effects of the ABoNt-
A applied within the arm-hand training provided in
phase B. The latter may have been the case in at least
three participants. Future research should also focus
on identifying other, non-linear models that may be
used to describe effects of spontaneous recovery and
therapy-as-usual in stroke patients, that may then be
used to gauge the added-value of adjunct interven-
tions like the use of ABoNt-A,

Using the single case experimental design is a valid
and efficient way to capture clinically relevant clini-
cal questions rapidly and convert them into a research
format. However, creating baseline stability regard-
ing the dependent variables before the intervention to
be investigated is applied, is difficult due to, among
others, spontaneous recovery processes and therapy-
as-usual offered during the baseline phase.

6. Conclusion

Combining early post-stroke spasticity reduction
with a well-defined therapy-as-usual may improve
arm-hand performance in sub-acute stroke patients
suffering from spasticity and who display no dexterity
at the point of therapy admission.

Patients with a moderately to severely affected
hand who benefitted from spontaneous recovery in
the distal part of the arm may benefit from the applica-
tion of botulinum toxin adjunct to arm-hand therapy
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