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Abstract

Introduction. This review aims to find if there is any effectiveness in the application of therapeutic suits or intensive suit train-
ings or both together, among people with cerebral palsy and other pathologies.

Methods. Articles published from 1997 to 2019 were reviewed. Fifteen articles met the inclusion criteria that involved: English,
Spanish, or Polish language; published studies; studies about the effectiveness of suit therapies regardless of the used protocol
(Adeli suit, Therasuit, Penguin suit, or suit therapy); studies conducted among people with cerebral palsy or other neurological
disorders regardless of age, type of cerebral palsy, and severity level.

Results. There were some positive effects in gross motor functions, functional gait, and joint mobility. However, the evidence
was not clear and there were numerous factors that could have affected the results and produced methodological limitations.
Conclusions. The findings justify further exploration of the potential of suit therapies in people with cerebral palsy and other

neurological disorders.
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Introduction

Cerebral palsy (CP) is one of the most common causes
of disability in children [1-7]. The incidence of CP is 2-2.5 per
1000 births [5, 8, 9]. CP is a term used to group a big hetero-
geneity of manifestations observed in people with brain dis-
orders causing problems in motor abilities and other develop-
mental aspects [4, 10-12]. In 2006, a committee of experts
agreed on an international definition, as well as a classifica-
tion for CP. According to Rosenbaum et al. [13], CP is a group
of permanent developmental disorders related to movement
and posture. These disorders cause an activity limitation at-
tributed to nonprogressive disturbances that occurred in the
developing foetal or infant brain. Motor disturbances usually
are accompanied by perception disorders, cognitive and com-
municative difficulties, behavioural disturbances, and others
[8, 14]. In addition, epilepsy and secondary musculoskeletal
problems are frequent.

According to the same authors and their guidelines in
order to classify CP, 4 elements should be taken into consid-
eration: type of motor disturbance, the presence or absence
of other limitations or disorders, anatomical distribution and
neuro-image findings, and the time of injury.

The rehabilitation for people with CP has focused its ef-
forts on minimizing difficulties, promoting general function,
and improving the quality of life [7, 15, 16].

Treatments usually concentrate on several main goals.
One of the most significant ones is preventing muscle weak-
ness or, in other words, strengthening the muscular system.
This is a very important aim because muscular weakness,
altered muscle tone, deficient postural control [1, 17], limited
passive joint mobility, and poor alignment[16] are common
impairments in children and adults with CP [18]. Additionally,

people with CP, in comparison with healthy children and
adults, move at a slower speed and show a poor balance [19].

The management of motor impairments resulting from CP
consists of physical activity and a wide range of other thera-
pies, more or less similar to physical therapy [11, 20]. There
are numerous techniques applied in CP, even though very
few techniques or approaches have a real scientific base.
Even, some of these treatments are considered as alterna-
tive or complementary therapies [10, 13].

Suit therapy is one of these non-proved therapies. There
are many names for this method: suit therapy, Penguin suit
therapy, Adeli suit therapy, Polish suit therapy, Pediasuit ther-
apy, Therasuit therapy, Spidersuit therapy [1]. Usually the
designation alludes to protocols and suits [21].

The first suit was Adeli suit. It was developed by Russian
scientists from the Soviet space program to help cosmonauts
with their problems caused by the effects of zero gravity [1, 10,
11, 13, 16, 17, 21-23]. This orthotic device or dynamic or-
thosis consists of a vest, shorts, knee pieces, a head piece,
and special shoes with hooks [1, 17, 18, 24, 25]. All these
elements are linked, during the therapy, with elastic strings
or bungee cords with varied levels of tension [14, 18, 24] to
increase the body alignment and to provide proprioceptive
information [3, 10, 11, 21, 23].

Mainly, the therapy with a suit, irrespective of the name,
has 3 standards. The first one is the action of the suit per se;
the second one has to do with the intensive training or therapy
during several weeks; the last one is the requirement of ac-
tive movement performed by the person with CP [11, 17, 26].

Suit therapies are very commonly linked with intensive
training. To define intensive training or intervention with CP
is a difficult issue. Some researchers state that training ap-
plied more than 2 times per week can be considered inten-
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sive [27]. However, the adjective ‘intensive’ refers to the du-
ration of the training period (usually weeks), the frequency of
trainings per week (days), and time spent each day (hours)
[27]. The difficulty is related to the fact that a typical frequency
of therapy or training for people with CP does not exist [3, 4].
Some guidelines have been developed in order to establish
rules concerning the frequency and intensity of treatments
or trainings [28, 29]. Bailes et al. [28] state that an intensive
training is performed 3—11 times per week and, for instance,
Hanson et al. [29] indicate a frequency of 3-5 times per week.

When suit therapies or trainings are taken into consider-
ation, the trainings usually consist of a 3—4-week program,
implemented 4-5 days per week, 2—4 hours per day [3, 11,
19, 24, 26, 30].

Suit therapies have their specific characteristics, in ad-
dition to the intensity of the intervention. A traditional protocol
of a suit therapy consists of stretching exercises, isolated
strengthening activities for specific muscles, and functional
training [10, 30]. In spite of the protocol, trainings usually are
not strictly determined, and there are adaptations depend-
ing on the person, the therapist, the goals, and many more.

Owing to this heterogeneity, it is difficult to determine the
effectiveness of these trainings. Moreover, if the use of a suit
is combined with the intensity of the training, both aspects are
taken into consideration to measure the therapy success.

The aim of this review is to present the findings on the
effectiveness of therapeutic suits and intensive suit trainings
in people with CP and other neurological disorders on the
basis of the research published so far. Comparisons of the
characteristics of different types of interventions were con-
ducted, as well as the characteristics that might explain the
observed effect variances were investigated.

Subjects and methods
Search strategy
This scoping review focused on the literature pertaining

to the effectiveness of exercises with a training suit among
people with CP. An extensive literature search was conducted

in the MEDLINE (PubMed), PEDro, Cochrane Library, and
Web of Science databases, with no year, gender, age, or type
of article restrictions; papers published until August 2019
were considered.

The key words used in the online search included ‘Adeli
suit,” ‘Therasuit,” ‘Penguin suit,” ‘suit therapy,” and ‘cerebral
palsy’. The Boolean operator ‘AND’ was used to combine the
search terms. The selection of these terms is justified be-
cause the therapeutic suits used in these kinds of therapies
have different denominations depending on the registered
trademark of the suit, even though all of them employ the
same system. The term ‘cerebral palsy’ was selected to be
sure that the therapies and suits were applied to treat this
pathology or similar ones.

Selection criteria

The inclusion criteria were the following: (1) languages:
English, Spanish, or Polish; (2) published studies; (3) stud-
ies on the effectiveness of suit therapies, regardless of the
protocol: Adeli suit, Therasuit, Penguin suit, or suit therapy;
(4) studies conducted in people with CP or other neurologi-
cal disorders, regardless of age, type of CP, and severity level.
These criteria were set to collect as much information as it
was possible about the suit therapies implemented in people
with similar neurological disorders and to be able to com-
pare these interventions.

The exclusion criteria involved: (1) articles without orig-
inal research; (2) the application of another type of orthosis
or orthotic equipment; (3) research without enough data or
information concerning the protocols or measurements;
(4) articles not available.

Selection of studies and data extraction

After reading titles and abstracts, studies that did not meet
the inclusion criteria were removed. Also, duplicate studies
were excluded.

Owing to the diversity of protocols and a limited number
of studies, all protocols and experimental designs were con-

Table 1. Summary of the search and selection of the bibliography

Total number Results after elimination Results after exclusion
Database Search strategy . o L
of results of duplicate research criteria application

Adeli suit 13 13 8

Therasuit 6 6 4
PubMed Suit therapy 10 7 0

Suit therapy and cerebral palsy 32 17 12

Penguin suit 9 8 0

Adeli suit 13 4 1
Web of Science

Therasuit 2 0 0

Adeli suit 3 0 0

Therasuit 1 0 0
PEDro

Suit therapy 13 7 1

Penguin suit 0 0 0

Adeli suit 5 2 0
Cochrane Library Therasuit 1 0 0

Suit therapy 3 1 0

13
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sidered. To identify other relevant articles, a manual search
was conducted.

Two researchers read all the articles to determine which
ones would be included in this review.

The searching and selection sequence are reflected in
Table 1.

A specific strategy was followed to select as many ap-
propriate studies as possible (Figure 1).

Quality assessment

Because of the diversity of the studies, 2 different tools
were used to verify their quality. For randomized controlled
trials, the Downs and Black [31] checklist was applied, as in
other reviews [32-36]. For case reports, the Quality Assess-
ment Tool for Case Series Studies was utilized from the Na-
tional Heart, Lung, and Blood Institute [37], as in other re-
search [38—41].

Ethical approval
The conducted research is not related to either human or
animal use.

Results

From the initial 78 articles identified as potentially relevant
studies, 15 met the criteria and were included in this review,
as is shown in Figure 1. The included studies were published
between 1997 and 2018.

There were a big variety of studies concerning the inves-
tigated issue: 1 retrospective study, 3 case reports, 5 single
group designs, and 6 randomized clinical trials.

- Studies identified through
ke} database searching (n = 78)
§ MEDLINE (n = 38)
E Web of Science (n = 15)
S PEDro (n = 17) Additional studies identified
ke Cochrane Library (n = 8) through other sources (n = 2)
\ 4 v
Studies after removal of duplicates (n = 50)
c
RS
7 v
D
(O]
2 Studies screened (n = 50)
- Excluded for not meeting
v o inclusion criteria (n = 22)
Full-text articles assessed
= for eligibility (n=28)
o
=)
m
» | Full-text articles excluded
(n=13)
o Studies included (n = 15)
S
=)
2
= Figure 1. Flowchart of the article selection process

A big heterogeneity exists regarding the samples, proto-
cols, and measurements. The inclusion and exclusion crite-
ria are similar in most articles where these criteria could be
found.

Data from the included studies were extracted by using
a data extraction form involving: authors, study design, selec-
tion criteria, sample or study population, intervention proto-
col, measurements, and results. Table 2 shows a summary
of these studies. Each research was numbered to facilitate
the analysis in the successive sections and tables of this
review.

Randomized clinical trials

The 6 randomized clinical trials presented a variability
regarding all the surveyed aspects.

The inclusion and exclusion criteria were very similar.
The samples consisted of children with different types of CP
and diverse levels of severity. The subjects’ age was between
4 and 12 years, although each study had a different range.

All samples performed an intensive exercise program in
combination with a therapeutic suit. The training lasted from
3 weeks to 3 months, with the frequency of 3—7 days per week
and the duration of the sessions from 30 minutes twice per
day to 4 hours per day. Also, experimental and control group
treatments were different. In 2 of the studies, the control
groups received neurodevelopmental treatment (NDT). Also,
in 2 of these studies, there was another control group: one
received NDT + Adeli suit treatment (AST), and modified AST
(MAST) was implemented in the other one. In 2 studies, the
control group had a conventional therapy, and the study
group followed a conventional therapy program with Thera-
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Table 3. Randomized clinical trials: methodological quality assessment checklist

Selected studies

Checklist items

1 | 2 | 4 | ) | 7 | 10
Reporting
1. Is the hypothesis/aim/objective of the study clearly described? 1 1 1 1 1 1
2. Are the main outcomes to be measured clearly described in the introduction 1 1 1 1 1 1
or methods section?
3. Are the characteristics of the patients included in the study clearly described? 1 1 1 1 1 1
4. Are the interventions of interest clearly described? 1 1 1 1 1 1
5. Are the distributions of principal confounders in each group of subjects
. 0 0 2 0 0 0
to be compared clearly described?
6. Are the main findings of the study clearly described? 1 1 1 1 1 1
7. Does the study provide estimates of the random variability in the data 1 1 1 1 1 1
for main outcomes?
8. Have all important adverse events that may be a consequence of the intervention
0 0 1 0 0 0
been reported?
9. Have the characteristic of patients lost to follow-up been described? 0 1 1 1 1 1
10. Have actual probability values been reported for the main outcomes except 1 1 1 1 1 1
where the probability value is < 0.001?
11. Were the subjects asked to participate in the study representative of the entire
. . . 0 0 0 0 0 0
population from which they were recruited?
12. Were those subjects who were prepared to participate representative of the entire
. ) . 0 0 0 0 0 0
population from which they were recruited?
13. Were the staff, places, and facilities where the patients were treated representative
L . . 1 0 1 1 1 1
of the treatment the majority of patients received?
14. Was an attempt made to blind study subjects to the intervention they received? 0 0 1 0 0 0
15. Was an attempt made to blind those measuring the main outcomes 1 0 1 1 1 1

of the intervention?

16. If any of the results of the study were based on ‘data dredging,” was this
made clear?

17. In trials or cohort studies, do the analyses adjust for different lengths of follow-up
of patients, or, in case-control studies, is the time period between the intervention 0 1 1 1 1 1
and outcome the same for cases and controls?

18. Were the statistical tests used to assess the main outcomes appropriate? 1 1 1 1 1 1
19. Was compliance with the interventions reliable? 0 1 1 1 1 1
20. Were the main outcome measures used accurate (valid and reliable)? 1 1 1 1 1 1

21. Were the patients in different intervention groups (trials and cohort studies) or were
the cases and controls (case-control studies) recruited from the same population?

22. Were study subjects in different intervention groups or were the cases and controls
recruited over the same period of time?

23. Were the study subjects randomized to intervention groups? 1 1 1 1 1 1
24. Was the randomized intervention assignment concealed from both patients
. . . 0 0 0 0 0 0
and health care staff until recruitment was complete and irrevocable?
25. Was there adequate adjustment for confounding in the analyses from which
o 0 0 1 0 0 0
the main findings were drawn?
26. Were losses of patients to follow-up taken into account? 0 1 1 1 1 1
Power
27. Did the study have sufficient power to detect a clinically important effect where the 1 1 1 1 1 1
probability value for a difference being due to chance is < 5%?
Total score 16 18 25 20 20 20

Yes = 1 point, no or unable to determine = 0 points. For question 5: yes = 2 points, partially = 1 point, no = 0 points.
18 Results ranges: excellent (26-28), good (20-25), fair (15-19), and poor (< 14)
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Table 4. Quality Assessment Tool for Case Series Studies (National Heart, Lung, and Blood Institute [37])

Selected studies
Criteria
3 6 8 9 11 12 13 14 15

1. Was the study question or objective clearly stated? Yes Yes Yes Yes Yes Yes Yes Yes Yes
2. Was the study popu!a.tllon clearly and fully described, Yes Yes Yes Yes Yes Yes Yes No Yes

including a case definition?
3. Were the cases consecutive? NA NA NA NA NA No NA NA NA
4. Were the subjects comparable? Yes Yes NA NA Yes Yes Yes CD Yes
5. Was the intervention clearly described? Yes No Yes Yes Yes Yes Yes No No
6. Werg the outcome mea}sures clearly defined, valld,.rgllable, Yes Yes Yes Yes Yes Yes Yes Yes No

and implemented consistently across all study participants?
7. Was the length of follow-up adequate? CD CD Yes CD Yes CD Yes CD CD
8. Were the statistical methods well described? Yes Yes Yes NA Yes Yes Yes No No
9. Were the results well described? Yes Yes Yes Yes Yes Yes Yes Yes Yes

Possible answers: Yes, No, CD — cannot determine, NR — not reported, NA — not applicable. For each item where ‘No’ was selected,
a potential risk of bias can be considered. ‘Cannot determine’ and ‘not reported’ were also noted as representing potential flaws.

suit or a modified suit therapy. In the last trial, a comparison
was made with the same protocol but using the suit with
and without bungee cords.

Regarding the measurements, in 5 of the studies, Gross
Motor Function Measure (GMFM) was applied exclusively or
in combination with other scales like Pediatric Evaluation of
Disability Inventory (PEDI), Pediatric Balance Scale (PBS), or
the Timed Up and Go (TUG) test. Also, some studies took into
consideration other parameters, like spatiotemporal or meta-
bolic cost, and 1 study measured back geometry.

In all research, improvements were seen after the ap-
plication of the treatment protocols. Alagesan and Shetty [1]
established higher efficacy of conventional therapy in com-
bination with suit therapy. Azab and Hamed [2] observed an
improvement in back geometry in children from both groups.
Bailes et al. [3] did not demonstrate any improvement in
motor function in children wearing Therasuit in comparison
with those wearing a control suit. Bar-Haim et al. [17] sug-
gested that AST optimized mechanical efficiency in children
with higher levels of motor function, without a correspond-
ing gain in gross motor skills. Kim et al. [19] found a higher
improvement in spatiotemporal gait parameters in the AST/
NDT group, but no differences between groups in GMFM,
PBS, or TUG test. Finally, Mahani et al. [26] noticed a greater
effectiveness of MAST in comparison with AST and NDT.

The selected randomized clinical trials were surveyed in
order to determine their quality by using a checklist for the
assessment of the methodological quality of both randomized
and non-randomized studies of health care interventions
proposed by Downs and Black [31] in its modified version.
The results are shown in Table 3. Using this checklist it can
be determined that Bailes et al. [3] is good and the rest of
them are fair, taking into consideration the result ranges.

Case reports, single group designs,
and the retrospective study

Nine studies were included in this section.

The samples were 1, 2 (2 studies), 7, 17, 25, 29, 45, and
53 subjects. In all studies, the sample involved children with
different types of CP, except in the last one, in which the
study population consisted of adults after acute cerebrovas-
cular lesions or with hyperkinetic syndromes.

Seven studies with treatment protocols were considered
and 2 without treatment, only measurements. The treatment
protocols were varied; nevertheless, 4 of them described
a 3—4-week intervention with trainings on 5 days per week.
Within these protocols, 3 had 3—4 hours of training per day,
and there was only 1 hour in 1 study. Another protocol involved
18 consecutive weeks with one 50-minute long session once
per week. There was 1 study with a 15-day treatment, 20—
120 minutes per day, comprising traditional rehabilitation with
an Adeli suit. The last treatment was very poorly described,
the Adeli suit protocol was performed without any additional
data.

The measurement tools were GMFM in 5 studies exclu-
sively or in combination with other tests, like PEDI and 3D
gait analysis [3]; StepWatch activity monitor, Canadian Oc-
cupational Performance Measure, and Pediatric Outcomes
Data Collection Instrument [30]; and PBS, 10-meter walking
speed and gait parameters [18]. Semyonova and Antonova
[43] used electroneuromyography and Shvarkov et al. [22]
measured the range, strength, and precision of movements,
equilibration, and patients’ mood.

Although all of the studies showed improvements in mea-
surements, almost all authors stated that further studies were
necessary to confirm their findings.

There were studies without treatment protocols. These
compared measurements in conditions with and without
suits. These measurements applied a 3D gait analysis to
evaluate the effects on gait, a force plate to assess postural
stability. Martins et al. [42] concluded that some positive
immediate effects were seen in gait kinematics when a suit
orthosis was used, and Pavao et al. [21] observed that the
suit improved postural stability in children with Manual Abil-
ity Classification System levels Il and Il during anticipatory
postural adjustments.

To evaluate the quality of these studies, a quality assess-
ment tool from the National Heart, Lung, and Blood Institute
was used. In this tool, for each item where ‘no’ was selected,
a potential risk of bias can be considered that could be intro-
duced by that flaw in the study design or implementation.
‘Cannot determine’ and ‘not reported’ were also noted as rep-
resenting potential flaws. The results are reflected in Table 4.
There are similarities among most of the articles. We can con-
sider the majority of them as a ‘good’ research; however,
a lower quality can be observed in studies 14 and 15 [22, 43].
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Discussion

This scoping review examined the current evidence of
effects of therapeutic suits (Therasuit or Adeli suit), associ-
ated or not with intensive training protocols.

There is not much investigation accessible on this topic.
Nevertheless, in most studies selected for this review, im-
provements in the measurements were observed. However,
the evidence is not clear and there are numerous factors that
can affect the results and produce methodological limita-
tions.

The first limitation could be the fact that studies with sta-
tistically significant or positive findings are more likely to be
published than trials with nonsignificant findings; then, the
validity of a review conclusions can be threatened [44, 45].

Also, a limitation is the shortage of evidence and large
heterogeneity in the existing trials regarding the type of study
and their improvable quality, especially in oldest studies.

The samples were another limitation. They were very small
(the largest one involved 55 people [22]) and there was a big
a variability among them. The samples were comprised of
children of different ages, as well as adults in one of the stud-
ies, with very diverse characteristics: type of CP, severity,
and GMFM level. This is an important point because age
could influence the level of gross motor function and the
improvement potential.

Inclusion and exclusion criteria, when mentioned, were
very constrained; this aspect is also a limitation because CP
and other similar neurological disorders are very commonly
associated with other problems, for instance, cognitive, sen-
sorial, or behavioural disorders [8, 13, 14]. Studies should
preferably focus on more real samples to test the effective-
ness of the treatment in most common patients and enable
result generalization.

Regarding the measurements, the most frequently used
one was GMFM in combination with other tests or examina-
tions in some research. The majority of these tests and mea-
surements are useful for quantitative evaluations, even though,
especially in the most affected people, these improvements
could be difficult to measure.

The diversity in the protocols, treatments, and compari-
sons among groups in each study was another limitation. It is
complex to determine, in some of the studies, if the results
were due to the suit, the protocol, or combination of both.

Case reports determined improvements in gross motor
function, functional gait, and joint movements. However, all
the researchers stated that more studies were needed to
confirm their results and to clarify if the improvement was
due to the suit by itself, the intensive training, or combina-
tion of both. Some studies seemed to show that the suit by
itself produced improvement in postural stability and gait
kinematics in children wearing the suits without any training
protocol [21, 42]. Also the suit combined with intensive train-
ing protocols apparently produced better results than the
intensive training in isolation [1], even though in other similar
studies [2] the results were parallel in both groups, with and
without suits.

Another important aspect to determine is if the effective-
ness of the suit in combination with treatment protocols is
always similar or if there are different factors that can affect it.
Mélo et al. [6] mentioned that there were improvements in
GMFM in all children in almost every module of treatment,
even though they observed that the improvements were
greater in the first modules than in the last ones of each child.
This could be due to the age or the patients’ getting used to
the suit, the treatment, or both.

Therapists’ opinions were not compiled in any of the stud-
ies and this could be an important dimension to take into
account. The suit improved the alignment of patients by it-
self [3, 10, 16, 21, 23] and it would be a good assistance for
the therapists to reduce their effort and fatigue during work-
ing time. If it were demonstrated, probably the use of the suit
during intensive treatments could have a reasonable expla-
nation, regardless the suit effects on patients.

The criteria for selecting the studies were met, with a lan-
guage restriction. Only studies in English, Spanish, or Polish
were included, which resulted in the exclusion of some, pos-
sibly pertinent, studies in Russian.

Finally, a good quality assessment tool for all studies was
not found because of the diversity in their structure and for-
mat. Therefore, 2 different tools were necessary.

Owing to these limitations, the conclusions of the review
were seriously limited, even though there are several inter-
esting issues for future investigations.

Further research is necessary to confirm the effective-
ness of this type of treatment, reducing the risk of bias and
other limitations that have been highlighted before.

Also, a very important aspect that needs to be correctly
measured is the quality of life in people with CP and the ef-
fects of the therapeutic intervention on this aspect. The mea-
surement of the patients’ quality of life reflects a holistic ap-
proach to patients with CP [46] and can be one of the main
indicators of the effectiveness of the therapeutic methods
[7]. Quality of life evaluation could provide important infor-
mation about the patient’s physical and mental state, nec-
essary to perceive problems and to take actions aimed at
solving them [47].

In connection with the previous idea, measuring the ef-
fectiveness of therapeutic suits and intensive trainings can
be related to the improvement in other aspects that are usu-
ally affected in CP patients, like chronic constipation. Some of
the several reasons for constipation are poor diet and de-
creased intestinal motility [48]; very likely, an intensive treat-
ment with a therapeutic suit could help solve both these
problems.

Conclusions

The results show that, nowadays, the evidence of the ef-
fectiveness of therapeutic suits like Therasuit or Adeli suit is
weak. Therefore, more experimental studies with wider sam-
ples are required to confirm the results or to clarify the rea-
sons for the method effectiveness.

Samples should be more homogeneous in each inves-
tigation, even though exclusion criteria should be less restric-
tive, including children with several disorders.

Additionally, it would be relevant to determine the impact
of suits and intensive treatments in isolation.

Therapists’ opinions should be surveyed to reinforce the
usefulness of the suit, not only regarding the improvements
in children’s development, but also in the facilitation of the
therapists’ work.

Finally, the development of adequate assessment tools to
test the quality of different types of trials could be interesting.
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