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Abstract

Background: Suit therapy is widely used to improve functions in children with cerebral palsy.
Although the efficacy of suit therapy has been verified in previous studies, studies on the
effects of TheraTogs are still inefficient. The purpose of this study was to compare the spatio-
temporal gait parameters of children with spastic cerebral palsy wearing the TheraTogs suit.
Methods: A total of 10 children with spastic cerebral palsy participated, and the GAITRite
was used to analyze and compare the spatio-temporal gait parameters (gait velocity, cadence,
step length, stride length, single support time, and double support time) of children with
cerebral palsy while wearing and not wearing the TheraTogs.
Results: There was a significant difference in the gait velocity, cadence, step length, stride
length, single support time, and double support time between conditions with- and without the
TheraTogs (p<0.05).
Conclusion: The results of this study show that the use of TheraTogs in children with cerebral
palsy may have positive effect to improve the gait ability.
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Introduction
Cerebral palsy is a non-progressive disease that occurs in the
brain of the developing fetus and infants causing limitations in
activity and permanent disability. It also involves cognition,
language, behavior, sensory, and musculoskeletal system
problems [1]. Decreased muscle tone, especially in the trunk,
causes problems with stability and mobility. The spasticity in
the lower extremities affects mobility and delays motor
development, which is essential for independent gait [2]. If gait
ability does not improve through proper intervention, it may
interfere with activities of daily living and can cause problems,
such as instability, difficulty moving for a long time, and
excessive energy consumption [3,4]. Normal gait requires
coordinated and selective movement control according to
muscle coordination and reciprocal control [5]. Many factors
such as age, muscle strength, and motor control should be
applied normally [6]. However, most children with cerebral
palsy have abnormal muscle tone, reflex, and central control
mechanism, and muscle weakness, impaired sensory exercise
information, and ataxia [7].
Suit therapy is widely used for children with cerebral palsy [8],
It is a therapeutic approach for abnormal tone control and
improvement of postural stability and function. Also, it uses the
orthotic garment, which has been reported to improve postural
stabilization, gait ability, and ability to perform tasks [9-11].

Recently, orthotic garments are being sold in a variety of
forms; they are widely used at home because they can be worn
for a long time during suit therapy [8,12]. Suit therapy
promotes the proprioceptive sense of the child with cerebral
palsy and improves abnormal muscle tone, posture alignment,
balance, and gait [13]. Typical suit therapies include AdeliSuit
and TheraSuit [13]. AdeliSuit was developed for Russian
astronauts to maintain muscle strength during weightlessness.
In recent years, it has been used for cerebral palsy with
abnormal postural alignment to promote the proprioceptive
sense and improve abnormal muscle tone, posture alignment,
balance, and gait [13]. In addition, the TheraTogs is a stretchy
strap with a velcro on the vest; it improves posture alignment,
joint stability, and exercise efficiency [14]. Moreover, Richards
et al. reported that TheraTogs was effective in the treatment of
in-toeing gait in patients with spina bifida [15].
Although the efficacy of suit therapy has been verified in
previous studies, most of them are related to AdeliSuit [16,17].
However, studies on the effects of TheraTogs are still
inefficient. Therefore, the aim of this study was to investigate
the effects of TheraTogs on gait ability of children with spastic
cerebral palsy and to examine its potential as a therapeutic
approach in cerebral palsy.
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Methods
The desktop virtual environments we developed for the
experiments reported here aim to emulate a stationary work
area, where the avatar puppets the motions of the user’s arm in
the real world, to allow the user to manipulate objects through
the avatar’s actions. A typical example we have implemented
is a kitchen food preparation area, where the user has control of
one arm of the avatar in the virtual space to manipulate knives,
bowls, food and other objects. The user can have full control of
the arm(s), and in more immersive versions can also control
head gaze and direction.
We use the hands-free capability of the Kinect to test different
conditions of physical embodiment in a vegetable cutting task,
where the user has a (prop) knife versus a wand or a tracked
empty hand when controlling an avatar with a virtual knife in
the virtual environment. The Kinect device provides position
information of the user’s hand in real space, which is
transmitted to the running Blender program as a set of three
position coordinates. We have developed the framework to
gather this positioning information reported by the Kinect, and
then transmit them to a running Blender simulation. We
recorded the effector position in pixels every 10 ms.

Participants
Children who were diagnosed with cerebral palsy were
enrolled in this study. The participants were recruited through
the bulletin board of the S development center in and were
screened according to the following criteria. First, the
volunteers were screened based on the Level I and II of the
Gross Motor Function Classification System (GMFCS), which
can be predictors of independent gait [18]. GMFCS is a tool for
evaluating the ability of children to perform voluntary motor
functions. Level I means that the child can walk without
limitation whereas Level II means that the child can walk but
with limited functionality. And then, the volunteers were
screened following criteria:
1) Those who have been diagnosed with cerebral palsy by a
neurologist,
2) Between 5 and 18 years of age,
3) Who can walk more than 10 meters independently without
walking aids?
4) Who understand and can follow the instructions of
researchers?
5) Do not take any medication that affects balance, and
6) Do not have musculoskeletal injuries or problems including
congenital structural deformities. A total of 10 subjects were
screened, and general characteristics are described in Table 1.
For all participants, children under the age of 18 had
voluntarily agreed with the caregiver after full explanation of
the purpose and procedure of the study. This study was
approved by the Kyungnam University Institutional Review
Board.

Table 1. Characteristics of participants.

Variables Values

Gender (Male/Female) 7/3

Age (year) 7.10 (3.36)

Height (cm) 108.60 (42.21)

Weight (kg) 36.80 (31.06)

Period of onset (month) 91.40 (941.45)

Etiology (PVL/IVH) 8/2

Type (Diplegia/Hemiplegia) 8/2

GMFCS (Level I/II) 7/3

NOTE: Values are presented as mean (SD)

Abbreviations: PVL: Periventricular Leukomalacia, IVH: Intraventricular
Haemorrhage, GMFCS: Gross Motor Function Classification System

Procedure
After investigating the general characteristics of the
participants, this experiment was conducted. The participants
were allowed to walk on a gait mat while wearing and not
wearing the TheraTogs. TheraTogs, which is worn by the
participants, is used as a garment system to promote the
children's functional recovery and postural correction. It is a
US FDA registered Class I medical device. It consists of a
garment (top and bottom) and strapping that is applied on the
body of the target child [14] (Figure 1). Based on
biomechanics, it has been reported to help children maintain
the correct posture and provide appropriate sensory and vital
feedbacks [14]. The garment itself is elastic, and it wraps the
child's body providing adequate compression and adhesion to
help promote body movement and sensation. Strapping is
added to maintain the child's alignment to stimulate the
muscles that it holds and stabilizes [14].

Figure 1. USFDA registered class I medical device

The gait mat for gait analysis was used. It evaluates the gait
velocity, cadence, step length, stride length, single support
time, and double support time, which are spatio-temporal
variables of gait [19]. The measurement was carried out by
letting the participant stand in front of the gait mat and walk
with a comfortable walking velocity by the verbal signal of the
research assistant. Walking was repeated 3 times for each
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condition, and 3 minutes of rest time was provided between
each measurement. When switching to other conditions, a 20-
minute break was provided considering the time to wear the
TheraTogs.

Outcome measurements
GAITRite (The GAITRite Electronic Walkway, CIR system
Inc, USA) is a gait analysis system that has an effective
measurement area with a width of 61 cm and a length of 366
cm, in which sensors are arranged in a grid shape at an interval
of 1.27 cm. A gait mat is spread flat on the floor, and the
participant walks on the gait mat. A sensor responds to the foot
pressure, and the information is saved on a computer through a
serial interface cable to collect the information on the spatio-
temporal variables of gaits. The tool’s test-retest validity is an
intraclass correlation coefficient of 0.91, indicating high
reliability [20].

Statistical analysis
Statistical analyses were performed using SPSS version 18.0
(IBM Corporation, NY, USA). To analysis the demographic

characteristics of the participants, a descriptive statistical
analysis was conducted. A paired t-test was used for
comparison condition with- and condition without the
TheraTogs. All statistical significance levels (ɑ) were set at
<0.05.

Results

Spatio-temporal gait analysis and comparison
Table 2 demonstrates the gait velocity, cadence, step length,
stride length, single support time, and double support time
between the conditions with TheraTogs and without
TheraTogs. There was a significant difference in the gait
velocity, cadence, step length, stride length, single support
time, and double support time between conditions with- and
without the TheraTogs (p<0.05).

Table 2. Comparison of gait variables between conditions with and without the TheraTogs.

Variables
 With Without Difference value P

Velocity (cm/sec)  55.82 (16.15) 87.49 (12.61) 31.67 (20.48) 0.001

Cadence (step/min)  99.39 (32.85) 131.87 (28.64) 32.48 (31.87) 0.01

Step (cm)

Rt 35.67 (7.28) 41.06 (5.11) 5.40 (6.49) 0.027

Lt 33.28 (6.60) 39.55 (6.43) 6.27 (6.89) 0.018

Stride (cm)

Rt 65.44 (19.72) 81.07 (10.56) 15.64 (18.91) 0.028

Lt 69.38 (13.38) 81.43 (10.20) 12.05 (13.16) 0.018

Single Support Time (sec)

Rt 0.44 (0.07) 0.350 (0.06) -0.092 (0.09) 0.01

Lt 0.45 (0.13) 0.350 (0.06) -0.098 (0.12) 0.035

Double Support Time (sec)

Rt 0.43 (0.290 0.211 (0.10) -0.219 (0.23) 0.016

Lt 0.42 (0.27) 0.209 (0.10) -0.206 (0.22) 0.015

Values are presented as mean (SD)

*p<0.05, between pre-test and post-test 

Discussion
The purpose of this study was to investigate the effects of the
TheraTogs on gait ability in children with diplegic cerebral
palsy; comparison the difference between the spatio-temporal
gait variables was analyzed and compared between conditions
with- and without the TheraTogs. The results showed that the
spatio-temporal gait variables, including the gait velocity,
cadence, step length, stride length, single support time, and
double support time of the children with cerebral palsy wearing
the TheraTogs were significantly improved compare to those
who did not wear the TheraTogs.
Previous studies reported that various forms of suits therapy
can be effective for children with cerebral palsy who have a
developmental disorder and lack of trunk stability and have an
abnormal gait [17,21]. Romeo et al. investigated an effects of
suit therapy on motor function and static balance in cerebral
palsy. As a result of the study, it was reported that improved

the static balance by providing better stability to the trunk due
to the elastic properties of Suit [22]. Elshafey [21] reported that
posterior correction suit therapy for children with spastic
diplegia may be effective in improving walking; the elastic
strapping system of the postural correction suit plays a role in
bringing the body alignment of participants closer to normal.
The appropriate function of the restoration of posture and
postural muscles is that it enables the patients to learn proper
movement patterns. This effect improves the erroneous gait
pattern and improves other executive mobility activities [21].
Ko [17] reported that significant changes in step length and
stride length after wearing a suit seemed to play a role in
providing balance and stability during walking, this change is
due to the postural correction suit providing external stability
to the body, and reported that both legs provided adequate
stability and mobility. In addition, Mahani et al. suggest that
suit therapy may play a role in supporting weakened lower
extremity muscles and stretching shortened muscles [22].
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Thus, it can be helpful by improving the stability and mobility
of the lower extremity during gait [23].
Suit therapy can be used not only for walking but also as a
therapeutic approach for many purposes. The therapist can
correct the abnormal movement pattern and it can be used to
promote normal movement patterns in children with cerebral
palsy by providing posture correction in real time through the
suit without manual contact [24]. This can be useful in
situations when the therapist attempts to the manual correction
the head or neck alignment by hand for children with
developmental disabilities and when the upper and lower
extremities show an abnormal movement pattern. In the
present study, it was also found that participants wearing a
TheraTogs had positive effect on gait variables without guiding
the gait. In addition, Bailes et al. reported that AdeliSuit of
children with cerebral palsy improved the gross motor function
[25]; Bar-Haim et al. reported improved energy metabolic
efficiency during stair climbing [26]. A previous study
reported that wearing TheraTogs alone, without a walking aid
such as a cane, significantly activated the hip adductor, which
plays an important role in gait [27]. It is reported that suit
therapy can provide intense exercise and resistance to children
with cerebral palsy with low resistance to gravity and
perceptual ability [28]. Intensive rehabilitation program after
AdeliSuit was able to elicit significant motor function
improvements in these children [29].
However, this study has several limitations. First, it is difficult
to generalize the results of the present study to all other
children with cerebral palsy, since only 10 children were
included. Second, it is difficult to clarify the cause-effect of the
TheraTogs within the limit of the cross-sectional study. In
addition, the long-term effect was not be investigated. Finally,
the fact that the developmental characteristics of the
participants were not considered may prove to be a limitation.
However, TheraTogs are made up of velcro, which are easy to
wear by a protector and have several advantages, including the
fact that they are relatively inexpensive in contrast to other
suits. Therefore, based on the present study, high-quality
clinical studies using TheraTogs need to be conducted in
future, investigating the basis for the effect of TheraTogs in
children with cerebral palsy.

Conclusion
The results of the present study showed that the spatio-
temporal gait variables of the children with cerebral palsy
wearing the TheraTogs were significantly improved compare
to those who did not wear the TheraTogs. The results can
suggest that the use of TheraTogs in children with cerebral
palsy may have positive effect to improve the gait ability.
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