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BIOMEDICAL ENGINEERING | RESEARCH ARTICLE

Evaluation of the electro-dress Mollii® to affect 
spasticity and motor function in children with 
cerebral palsy: Seven experimental single-case 
studies with an ABAB design
Marina Arkkukangas1,2*, Jenny Hedberg Graff3 and Eva Denison2

Abstract:  There are limited non-invasive treatment options in the home environment 
for children with cerebral palsy (CP); thus, evaluating such treatment options is needed. 
We aimed to evaluate the effect of an innovative full-body suit approach for non- 
invasive surface electrical stimulation ES, the electro-dress Mollii®. The full-body suit 
was primarily designed to reduce spasticity and improve motor function through the 
mechanism of reciprocal inhibition among children with CP. This study involved seven 
experimental single-case studies with an ABAB design. Seven studies were performed 
among children aged 4–17 years. The primary outcome (spasticity) was analyzed using 
graphed data with a visual inspection, and median values were analyzed for secondary 
outcomes (mobility, sitting, upper limb activity, sleep, pain, and adherence to treat
ment). The study protocol was recorded at clinicaltrials.gov (NCT04078321). Seven 
studies were analyzed, and the treatment with the electro-dress had little or no impact 
on the outcomes: spasticity, mobility, sitting, upper limb activity, sleep, and pain, in any 
of these seven studies. In conclusion, multiple ES treatment with the innovative 
electro-dress Mollii® revealed little or no observable changes on primary outcome 
(spasticity) in any of the seven studies. Further the possible impact on motor function is 
recommended to be further evaluated in future studies

Subjects: Health & Society; Public Health Policy and Practice; Pediatrics & Child Health  

Keywords: physiotherapy; rehabilitation; spasticity; occupational therapy; cerebral palsy
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1. Introduction
Cerebral palsy (CP) is caused by damage to the immature brain and is the most common 
cause of motor disability in children (Rosenbaum et al., 2007). The prevalence of CP varies 
among countries; however, it is reported to be approximately 2–4 per 1,000 live births (Boyle 
et al., 2011). There are different subtypes of CP, based on the extent of damage, which can be 
classified as bilateral or unilateral, according to the dominant symptoms, as follows: spastic, 
dyskinetic, or ataxic. Approximately 80% of patients have a spastic CP subtype (Westbom 
et al., 2007). Other common secondary symptoms resulting from CP include a restricted range 
of motion (ROM), pain, sleep, and difficulty performing movements, such as gait and upper 
limb activity, which is a common problem among patients with CP (Rosenbaum et al., 2007). 
Further, it has been suggested that treatments for the prevention of contractures should be 
initiated early considering that ROM seems to decrease over time, leading to movement 
restriction, which in turn results in a lower level of functioning and eventually a decreased 
quality of life (Casey et al., 2021; Jarl et al., 2019).

Some of the most used treatments for spasticity include botulinum neurotoxin (BoNT) in combi
nation with therapies, such as baclofen, orthoses, and surgery (Hoare, 2014; Novak et al., 2013; 
Ryan et al.). Further, exercise (aerobic exercise, resistance training, and “mixed training”) as 
a treatment option for persons with CP to increase activity, participation, and quality of life have 
been suggested to be effective (Gimigliano, 2020; Ryan et al., 2017;). However, the evidence for 
such specific exercise intervention is still sparse (Gimigliano, 2020). Therefore, new ways to address 
both spasticity and activity aspects should be further investigated. One example of such interven
tions targeting both spasticity and activity outcomes is the use of transcutaneous electrical 
stimulation (TENS), a non-invasive modality, to reduce spasticity by placing surface electrodes on 
the antagonist muscles, inhibiting the overactivity in the spastic agonist muscle. The use of the 
TENS is based on the theory of reciprocal inhibition and may reduce hyperactive stretch reflexes by 
improving the inhibition of the H-reflex, which may lead to a reduction in the contraction of spastic 
muscles; this phenomenon may be reflected in a better balance between muscles (AA Alhusaini 
et al., 2019; IlliS, 1994). Reducing spasticity using TENS has previously been evaluated and is 
a promising therapeutic option (AA Alhusaini et al., 2019; Mahmood et al., 2019). Further, neuro
muscular electrical stimulation (NMES) has been shown to strengthen muscles in patients with 
stroke and CP, and there is increasing evidence of NMES for increased muscle fiber diameter and 
muscle size as well as strength in children with CP (De Freitas Gr et al., 2018; Takeda et al., 2017). 
Additionally, single-channel NMES has been used to improve gait functions in patients with spinal 
cord injuries and stroke; however, the use of multi-channel NMES has been rarely investigated 
(Mooney & Rose, 2019).

Although studies have provided evidence for the use of electrical stimulation (ES) to reduce 
spasticity over the years, this treatment option has been difficult to apply in therapy when 
performing exercise due to the placement of the electrodes (Ertzgaard et al., 2018). One way 
to easily attach surface electrodes has been tested by the Mollii® method, multiple ES 
provided in a full body suit (Ertzgaard et al., 2018). By the Mollii® method, multi-channel 
or multiple ES involves the concurrent transfer of electrical signals by several electrodes to 
different antagonist muscles; however, evidence supporting such treatment remains unclear 
(Ertzgaard et al., 2018; Palmcrantz et al., 2020; Pennati et al., 2021).

Given that ES is a relatively safe intervention with an acceptable adverse event profile and 
because there are limited treatment options in the home environment for children with CP, 
there is a need for further evaluation of such treatment options for this target group. 
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Therefore, this study aimed to evaluate the effect of ES treatment with the full-body suit 
(electro-dress) Mollii®, on spasticity, mobility, sitting, upper limb activity, sleep, pain, and 
adherence (frequency of use) to the treatment using experimental single-case studies with an 
ABAB design among children with CP (4–18 years of age).

2. Materials and methods
We used experimental single-case studies with an ABAB design (Kazdin, 2011; Onghena, 
2005) to evaluate the individual effect of ES in a full-body suit, the electro-dress Mollii®. 
The ABAB design is a prospective design suited to study the effects of interventions in 
individual cases. The design was chosen because of significant variation in the population 
of individuals with CP in the geographical area. In an ABAB design, each participant is his or 
her control during alternating baseline (A) and intervention (B) phases. The possibility to 
establish the success of an intervention for a particular patient, as opposed to an average 
patient in group designs, is a strength of experimental single-case designs. Additionally, 
replication of results in several single-case studies strengthens generalizability. This study 
reports the results of seven experimental single-case studies. A study protocol was recorded 
at clinicaltrials.gov under NCT04078321.

2.1. Participants
Seven children who met the inclusion criteria and were available at two habilitation centers 
(HC) in Sweden from April 2019 to September 2019 accepted to participate in this study. 
Verbal information and written informed consent were collected from the participants and/or 
their guardians. The seven studies included four girls and three boys between 4 and 17 years 
of age (see, Table 1). In five studies, participants used a walking aid in their daily lives (three 
girls and two boys). Two participants had a unilateral CP-subtype (study 3 and 5), and five 
had a bilateral CP-subtype.

The inclusion criteria include a) a diagnosis of CP, with spasticity as the main symptom 
according to information from the medical HC journal; b) Gross Motor Function Classification 
System (GMFCS) levels I–V. GMFCS describes gross movement ability at five levels. Level 
I represents the highest ability but with some difficulties in speed, balance, and coordination, 
while level V represents the lowest ability, with difficulties in controlling head and trunk 
posture in most positions (Palisano et al., 2008); c) Manual Ability Classification System 
(MACS) [levels 1–5] describes the use of hands to handle objects in daily activities at five 
levels; level 1 represents the highest function, and level 5 represents the lowest function. 
(Eliasson et al., 2006); d) age 4–18 years; and e) ability to communicate pain or discomfort.

Table 1. Characteristics, n = 7
Study Age Gender CP-subtype GMFCS MACS Walking aid

Study 1 4 boy Bilateral CP 4 4 Yes

Study 2 10 girl Bilateral CP 3 2 Yes

Study 3 10 girl Unilateral CP 1 2 No

Study 4 4 girl Bilateral CP 4 2 Yes

Study 5 10 boy Unilateral CP 1 1 No

Study 6 12 boy Bilateral CP 3 1 Yes

Study 7 17 girl Bilateral CP 3 2 Yes

CP = Cerebral Palsy, GMFCS = Gross Motor Function Classification System, MACS = Manual Ability Classification System 
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The exclusion criteria were as follows: a) botulinum toxin treatment three months before 
participation in the study; and b) having a shunt or other medical pump, such as a baclofen and 
insulin pump, which may be affected by the ES provided by the suit.

2.2. Intervention
Each participant was scheduled for a first individual meeting to adapt to the suit in colla
boration with a physiotherapist (PT) from the company delivering the suit. The company was 
responsible for the surface electrodes´ placements to influence the participants’ spasticity. An 
occupational therapist (OT) and/or physiotherapist (PT) from the HCs attended the initial 
meeting where the electrodes and the settings in the suit were tested before initiating 
ABAB phases but did not participate in decisions regarding the placement of the electrodes. 
The modified Ashworth Scale (Bohannon & Smith, 1987) was used to identify the appropriate 
ES placement at the initial meeting before the study started. For each participant, the three 
highest scores on the MAS were selected and included in this study.

The intervention consisted of a full-body suit with embedded electrodes providing ES. The 
suit consists of a pair of trousers and a jacket equipped with 58 electrodes that provide 
electrical signals inside the suit. A detachable control unit sends electrical signals and 
activates electrodes placed on individually selected antagonist muscles. The location of 
electrodes and intensity of stimulation were individually adapted simultaneously as the suit 
was tried on the participant by the company that distributed the suit. The number of 
electrodes used depends on the participants’ symptoms of spasticity and the muscles requir
ing inhibition. Stimulation parameters include pulse duration (0–30 microseconds), frequency 
20 Hz, and voltage 20 V. The treatment effect is described by the company delivering the suit 
as individual and can last 48 hours or longer after 1 hour of use. The ES stimulation settings 
are saved in the control unit, making it simple for the device to be used at home or school.

The stimulation frequency and the placement of the electrodes were individually adjusted 
for each muscle group where the antagonist of each selected spastic muscle was stimulated 
to reduce the reflex mediated muscle overactivity of an antagonist muscle, promoting the 
balance between agonist and antagonist according to the theory of reciprocal inhibition.

Each participant started the four-week intervention period within two weeks after the initial 
meeting and adjustment of the suit. The treatment regimen was 1 hour every other day (3–4 
times per week) in daily activities. Adverse events were recorded during the study period.

2.3. Assessments
OTs and PTs with working experience at the HCs took all the measurements. Original instruc
tions and manuals were provided in booklets and delivered at the beginning of the study. The 
therapist taking the measurements was not involved in the treatment, which was home- 
based.

All participants were evaluated on 12 occasions during a 4-week period, three times each 
week. The first week included three measurements during an inactive period (baseline: 
A phase). Meanwhile, the second week included three measurements during an active period 
(first B phase), and the third week (second A phase) included three measurements wherein 
the suit should not be used for 48 hours before the first measurement. The fourth week 
included three measurements during an active period (second B phase). In addition, the 
participants and their guardians received a diary to record sleep, pain, and adherence to 
the treatment.
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Spasticity was measured using the modified Ashworth Scale (MAS). MAS consists of a 6-point 
scale (0, 1, 1+, 2, 3, and 4), where 0 indicates normal muscle tone and 4 indicates high spasticity or 
increased resistance to passive movement (Mutlu et al., 2008).

Mobility, sitting, and upper limb activity were measured using the following three methods:

1) Timed Up and Go test (TUG): This test assesses mobility and requires both static and dynamic 
balance. The time required to rise from a chair, walk 3 meters, turn around, walk back to the chair, 
and sit down is recorded (Dhote et al., 2012).

2) Level of Sitting Scale (LSS): This evaluates the ability to sit on an 8-point scale, where 1 
indicates an inability to attain a sitting position, and 8 indicates the ability to lean backward and 
back to the starting position again, without using the hands. LSS is considered to have moderate-to 
-good reliability (Fife et al., 1991).

Table 2. Secondary measures and their median values across experimental phases
Experimental 
single-case 
study

Box and 
Block right/ 

left

TUG LSS Sleep Pain ES dosage 
(minutes)

Study 1 
A phase 
B phase 
A phase 
B phase

0/0 
0/0 
0/0 
0/0

XXXX 333.54 2/2 
2/3 
2/2 
2/2

4 
3 
3 

3.5

240 
120

Study 2 
A phase 
B phase 
A phase 
B phase

5/4* 
6/4* 
6/4* 
7/4*

XXXX XXXX 3/2 
3/2 
2/2 
3/2

1 
2 
1 
1

180 
120

Study 3 
A phase 
B phase 
A phase 
B phase

60/21 
68/25 
70/29 
77/30

8 
6 
6 
6

X 
X 
X 
X

3/3 
3/3 
3/3 
3/3

1 
1 
1 
1

240 
180

Study 4 
A phase 
B phase 
A phase 
B phase

24/20 
27/24 
25/27 
27/30

XXXX 6 
6 
6 
6

3/1 
3/2 
2/2 
3/2

3 
2 
2 
2

180 
180

Study 5 
A phase 
B phase 
A phase 
B phase

62/55 
56/51 
68/61 
74/61

6 
6 
5 
5

X 
X 
X 
X

2/2 
2/1 
3/1 
2/2

1 
1 
1 
2

240 
120

Study 6 
A phase 
B phase 
A phase 
B phase

48/39 
52/43 
47/45 
51/46

17 
20 
18 
20

8 
8 
8 
8

3/2 
3/2 
3/2 
3/3

1 
1 
1 
1

240 
300

Study 7 
A phase 
B phase 
A phase 
B phase

13/13 
7/7 
6/6 
5/5

73 
54 
40 
37

8 
8 
8 
8

2/1 
3/2 
2/1 
2/1

4 
4 
4 
4

120 
180

*15 sec performance (original 60 sec); TUG, Timed Up and Go test; LSS, Level of Sitting Scale; X = missing data; ES, 
Electrical Stimulation 
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3) Box and Block Test: This is used to measure the capacity of the timed upper limb motor 
dexterity. The test materials include a box divided into two equal compartments, with one 
compartment filled with colored cubes. The cubes are moved once with each hand. The Box and 
Block Test is valid and reliable for measuring upper limb manual dexterity at a young age (3– 
19 years; Araneda et al., 2019; Mathiowetz et al., 1985).

Data on pain, sleep, and adherence to using the suit were collected using a diary completed by 
the participant or their guardians. Pain was measured by a rating based on six facial expressions. 
The facial expressions ranged from a happy face at 0, representing no pain, to a crying face at 6, 
representing the worst imaginable pain (Westbom et al., 2017).

Sleep was rated via two questions about the quality of sleep as follows: 1) Do you wake up often 
at night? 2) Do you wake up rested or exhausted? The response format ranged from 1 = “worst 
quality” to 3 = “best quality of sleep.”

Adherence was rated by identifying the time the participants used the suit and the frequency of 
use in a home diary. All PTs and OTs were familiar with the measurements commonly used in daily 
practice for children with CP.

2.4. Ethics
The subjects received no compensation for participation. The study was approved by the Regional 
Ethics Committee in Stockholm DNR: 2019–01564. We followed the 1964 Helsinki Declaration with 
respect to human rights, informed consent, and correct procedures concerning the treatment in 
research involving human participants.

2.5. Statistical analysis
The primary outcome in each case was spasticity, as measured using the MAS, and was 
presented in graphs for the three most spastic measures at baseline. Owing to the limited 
amount of data points in each phase and the ordinal nature of the scores, we examined 
graphed data using visual inspection, considering changes in magnitude, i.e., level and median 
(Kazdin, 2011). The rating level 1+ on the MAS was converted to 1.5 in the graphs. The 
secondary outcomes are presented with their median values across the ABAB phases in each 
study.

3. Results
Seven experimental single-case studies with an ABAB design were performed. Regarding 
adherence, the frequency of using the suit varied from 2 to 5 (120–300 minutes) times in 
each of the two B phases. The total number of electrodes applied varied among the seven 
studies. It varied in intensity (pulse duration) from 2–16 microseconds with a set frequency of 
20 Hz, and 20 V voltage. Since all participants were judged to have low scores on MAS, this 
study only included and evaluated the three most spastic agonists muscles according to the 
results from MAS (Fig. 1–7). The results are presented for the primary outcome for each study 
in Figures 1–7. Secondary outcomes are presented in Table 2. All participants used the suit 
during their normal daily activities in their homes. Missing data resulted from impatience and/ 
or measures being too easy or difficult to take and were, therefore, excluded.

3.1. Results in each experimental single-case study
Study 1. The total number of stimulated muscles in study 1 was six, three on the left and three on 
the right side; Gluteus medius bilateral, tibialis anterior bilateral, and triceps brachii bilateral. The 
pulse duration was 2–12 microseconds, and no visual changes in magnitude were observed; the 
MAS scores across the experimental phases are shown in figure 1. The median scores for the 
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secondary outcomes are shown in Table 2. The adherence rate during the two active periods was 
six times (4/2).

Study 2. The total number of stimulated muscles in study 2 was six, three on the left and 
three on the right side; Gluteus maximus bilateral, tibialis anterior bilateral, and triceps brachii 
bilateral. The pulse duration was 12–16 microseconds, and no visual changes in magnitude 
were observed; the MAS scores across the experimental phases are shown in figure 2. The 
median scores for the secondary outcomes are shown in Table 2. The adherence rate during the 
two active periods was five times (3/2).

Study 3. The total number of stimulated muscles in this study was five; Quadriceps femoris, 
tibialis anterior, extensor digitorum, extensor carpi radialis longus, and extensor carpi radialis 
brevis on the left side. The pulse duration was 8–12 microseconds, and no visual changes in 
magnitude were observed; the MAS scores across the experimental phases are shown in 
figure 3. A change in the Box and Block Test scores between ABAB phases were noted and 
presented in Table 2. All median scores for the secondary outcomes are shown in Table 2. The 
adherence rate during the two active periods was seven times (4/3).

Figure 1. Graph displaying mea
surement timepoints during the 
ABAB phases for experimental 
single- case study 1.
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Study 4. The total number of stimulated muscles in study 4 was six, three muscles on the left 
and three muscles on the right side; Tibialis anterior bilateral, triceps brachi bilateral and gluteus 
medius bilateral. The pulse duration was 2–12 microseconds, and no visual changes in magnitude 
were observed; the MAS scores across the experimental phases are shown in figure 4. Changes in 
the Box and Block Test scores between the ABAB phases were noted and presented in Table 2. All 
median scores for the secondary outcomes are shown in Table 2. The adherence rate during the 
two active periods was six times (3/3).

Study 5. The total number of stimulated muscles in study 5 was five; Tibialis anterior, extensor 
digitorum, extensor carpi radialis longus, extensor carpi radialis brevis, and quadriceps femoris on 
the left side. The pulse duration was 2–15 microseconds, and no visual changes in magnitude were 
observed; the MAS scores across the experimental phases are shown in figure 5. The median scores 
for the secondary outcomes are shown in Table 2. The adherence rate during the two active 
periods was six times (4/2).

Study 6. The total number of stimulated muscles in study 6 was ten, five on the left and 
five on the right side; Gluteus medius, triceps brachii, extensor digitorum communis bilateral, 
extensor carpi radialis longus bilateral, and extensor carpi radialis brevis bilateral. The pulse 
duration was 5–15 microseconds, and no visual changes in magnitude were observed; the 

Figure 2. Graph displaying mea
surement timepoints during the 
ABAB phases for experimental 
single-case study 2.
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MAS scores across the experimental phases are shown in figure 6. Changes in the Box and 
Block Test scores between the ABAB phases were noted and presented in Table 2. All median 
scores for the secondary outcomes are shown in Table 2. The adherence rate during the two 
active periods was nine times (4/5).

Study 7. The total number of stimulated muscles in study 7 was six, three on the left and three 
on the right side; Gluteus medius bilateral, quadriceps femoris bilateral, and tibialis anterior 
bilateral. The pulse duration was 12–15 microseconds, and no visual changes in magnitude were 
observed; the MAS scores across the experimental phases are shown in figure 7. Changes in the 
TUG test score between the ABAB phases was noted and presented in Table 2. The median scores 
for the secondary outcomes are shown in Table 2. The adherence rate during the two active 
periods was five times (2/3).

4. Discussion
We evaluated the effect of multiple ES stimulation with the electro-dress on spasticity, motor 
function, sleep, pain, and adherence to treatment in seven experimental single-case studies, 
with an ABAB design, in children aged 4–17 years with CP. The results suggest that the 
multiple ES treatment had little or no impact on the primary outcome—spasticity—in any 
of the studies.

Figure 3. Graph displaying mea
surement timepoints during the 
ABAB phases for experimental 
single-case study 3.
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Since reciprocal inhibition plays a fundamental role in the normal performance of move
ments, this was an underlying theory in this study. This theory has also been confirmed in 
previous studies, which reported ES as effective in increasing muscle strength, reducing 
spasticity, and increasing the passive ROM (Palmcrantz et al., 2020; Schuhfried et al., 2012). 
However, this study could not provide evidence to support the result of decreased spasticity.

In three of the studies, 3,4, and 6, the results showed a change individually between the 
A and B testing periods for the Box and Block Test, in both the right and left sides. Further, 
a change was observed between the A and B periods in the TUG test in study 7; however, 
these minimal changes were judged to have low clinical relevance; therefore, they were 
recommended to be further evaluated in multiple session of treatment for a longer time 
than in our study. Inconsistent results have been reported in the use of ES to improve activity 
measures, such as gait, activity, and participation levels, among children and adolescents 
with CP. However, studies have suggested that ES may offer unique benefits for gait rehabi
litation (Moll et al., 2017; Mooney & Rose, 2019) and to improve foot drop in CP and stroke. 
Due to the inconsistency in the results obtained with the use of ES to improve activity 
measures, similar to the study by Pennati et al., our study supports the fact that future 
studies should consider the potential dose-response and involve multiple sessions of treat
ment over time (Pennati et al., 2021).

Figure 4. Graph displaying mea
surement timepoints during the 
ABAB phases for experimental 
single-case study 4.
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Our research team discussed the most appropriate time points for measurement following 
the treatment, and in our study, measurements were performed within approximately 
48 hours. In a recently published study, the authors presented promising results after using 
the electro-dress Mollii® in 16 children with CP; however, the measures in that study were 
performed within 24 hours after treatment (Hedin et al., 2020). The optimal timing of 
measurements after multiple ES treatments needs to be further discussed, especially con
sidering the clinical implications of such short-term effects.

The variation in the frequency of use, which ranged from 2–5 (120–300 minutes) times in 
each of the two B phases, appears to have a minimal systematic impact on the results. 
Adherence to using the suit was low in a previous study (Ertzgaard et al., 2018); however, 
a different pattern was observed in our study. Four of the participants used the suit only 
twice during one of their B periods (recommended at least three times in each B phase); 
however, according to the ABAB phases results, this was judged to have no impact. We also 
investigated sleep quality and pain; however, these measures indicated no changes across 
the ABAB phases. A relationship between pain and sleep and sleeping problems has been 
reported in 23–46% of children and adolescents with CP (Dutt et al., 2015).

Figure 5. Graph displaying mea
surement timepoints during the 
ABAB phases for experimental 
single-case study 5.
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4.1. Strength and limitations
There were several limitations associated with this study. First, the seven studies showed that 
treatment evaluation in a heterogeneous group of children with CP is complex. Different levels of 
functioning among these children and adolescents imply that large samples should be accom
modated for potentially large within-group variations. Therefore, choosing a study design that can 
be used to investigate causality in individual cases was judged to be appropriate.

Furthermore, the secondary measurements revealed difficulties in performing the required 
tasks for most children, which warrants further investigation and consideration when plan
ning future studies. This also strengthens the case for the use of a single-case study design 
and an individual approach. We are also aware of reports about the limitations of MAS for 
measuring spasticity and passive resistance to motion because the MAS scores a single value 
and does not discriminate between neural and non-neural contributions (Damiano et al., 
2007; Van den Noort Jc et al., 2017). It has been reported that measures, such as the MAS 
scale, lack precision and sensitivity for measuring and detecting smaller changes in spasticity. 
The assessment results may also relate to the therapist’s experience and subjective ability to 
identify signs and levels (Adel. A Alhusaini et al., 2010; Pandyan et al., 1999). Although MAS 
provides limited information, it is the most commonly used scale in clinical practice for 
measuring spasticity within the context of HC (Alriksson-Schmidt et al., 2017).

Figure 6. Graph displaying mea
surement timepoints during the 
ABAB phases for experimental 
single-case study 6.
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In conclusion, the results indicate that multiple ES stimulation with the electro-dress 
Mollii® had little or no effect on the primary outcome measure of spasticity in all the 
seven studies included in this study. Further, the possible impact of the electro-dress on 
motor function is recommended to be further evaluated considering potential dose-response 
and the involvement of multiple sessions of treatment over time.
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