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Efficacy of axial TheraTogs on gait pattern
in children with dyskinetic cerebral palsy: a
randomized controlled trial
Shamekh Mohamed El-Shamy* and Ehab Mohamed Abd El Kafy

Abstract

Background: TheraTogs promotes proprioceptive sense of a child with cerebral palsy and improves abnormal
muscle tone, posture alignment, balance, and gait. Therefore, the aim of this study was to investigate the efficacy of
TheraTogs orthotic undergarment on gait pattern in children with dyskinetic cerebral palsy. Thirty children with
dyskinetic cerebral palsy were selected for this randomized controlled study. They were randomly assigned to (1) an
experimental group that received TheraTogs orthotic undergarment (12 h/day, 3 days/week) plus traditional
physical therapy for 3 successive months and (2) a control group that received only traditional physical therapy
program for the same time period. Gait parameters were measured at baseline and after 3 months of intervention
using Pro-Reflex motion analysis.

Results: Children in both groups showed significant improvements in the gait parameters (P < 0.05), with
significantly greater improvements in the experimental group than in the control group.

Conclusions: The use of TheraTogs may have a positive effect to improve gait pattern in children with dyskinetic
cerebral palsy.

Trial registration: This trial was registered in the ClinicalTrial.gov PRS (NCT03037697).
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Background
Cerebral palsy (CP) is a group of disorders of the devel-
opment of movement and posture that occur as a result
of a non-progressive lesion to the developing brain [1].
Children with CP usually have a variety of motor impair-
ments, such as spasticity, involuntary movements, un-
steady gait, and problems with balance that limit
activities of daily living and self-care [2].
Dyskinetic cerebral palsy (DCP) is one of the most

debilitating types of CP because it causes severe motor
impairment [3]. Children with DCP experience abnormal
muscle activity stemming from the simultaneous, sus-
tained contraction of the agonist and antagonist muscles

during movement [4, 5], resulting in difficulties main-
taining spatiotemporal trajectories and considerable vari-
ability in their movements [6]. The most common
manifestations are athetosis, chorea, and dystonia [7].
These involuntary movements can cause discomfort,
interfere with voluntary movements, and limit or even
impede upper and lower limb functions [8, 9].
Children with CP are often classified by severity of

mobility limitation through the Gross Motor Function
Classification System (GMFCS) [10]. This is a useful tool
to identify levels of motor ability, guide treatment deci-
sions, and allow estimation of the development of motor
performance [11]. A common therapeutic goal for re-
habilitation is to improve mobility and walking ability.
Improved walking ability has a positive impact on
achievement of daily activities and motivating social en-
gagement [12].
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Current intervention options, including physical and
occupational therapies, pharmacological approaches, and
deep brain stimulation, are often not successful or only
partially successful in controlling symptoms. As a result,
there is a need to investigate new non-invasive options
for treating dyskinesia in children [13–15]. Physical ther-
apy intervention is the major treatment for postural de-
viations in children with DCP. The designed exercise
protocol is used to encourage adjustment and reposi-
tioning of skeletal segments which in turn produce static
posture realignment. It has been reported that the exer-
cise program is insufficient alone without additional
physical therapy modalities to produce adaptive changes
in postural control [16, 17].
TheraTogs orthotic undergarments have been devel-

oped to provide a gentle, passive force to correct align-
ment through the combination of a trunk-and-shorts
system with a customized external strapping system. It is
suggested that this system can improve joint stability,
posture, and gait skills [18, 19]. The purpose of this
study was to investigate efficacy of TheraTogs orthotics
undergarments on gait pattern in children with DCP.

Methods
Design
This single-blind randomized controlled study was ap-
proved by the Ethical Committee of the Faculty of Ap-
plied Medical Sciences, Umm Al Qura University (19-
MED-1-01-0004). Parents signed a consent form approv-
ing children participation. The children who participated
in this study were enrolled from the physical therapy de-
partment, Maternity and Children Hospital, Makkah,
Saudi Arabia. This trial was registered in the
ClinicalTrial.gov PRS No NCT03037697.

Participants
Thirty children diagnosed with dyskinetic CP were re-
cruited for this study. Their scores on the Gross Motor
Function Classification System (GMFCS) were Levels I
or II. The inclusion criteria for this study were age be-
tween 8 and 12 years; spasticity degree ranging between
grades 1, 1+, and 2 according to the Modified Ashworth
Scale (MAS); and the ability to understand and follow
simple verbal instructions. The exclusion criteria were
any fixed deformities that interfere with lower limb func-
tions, cardiac or respiratory conditions that are affected
by exercise, and the presence of seizures or lower limb
orthopedic surgery in the preceding 12 months or botu-
linum toxin injections in the previous 6 months. During
the study, children will not receive any treatment to im-
prove the gait pattern other than the study intervention.
They did not participate in any previous trials with orth-
otic undergarment, adhesive tape, or spiral strapping to
the lower limbs and axial trunk.

Randomization
In order to eliminate bias in the treatment assignment,
the children will be randomized into both groups.
Randomization was performed utilizing the SPSS com-
puter program (version 16; SPSS Inc., Chicago, IL).
Assignment happened before the underlying appraisal.
The control group received the traditional physical ther-
apy program. The experimental group received Thera-
Togs orthotic undergarments in addition to the same
traditional program given to the control group. The ex-
perimental design is shown as a flow diagram in Fig. 1.

Gait parameters evaluation
All children were assessed for gait parameters before the
treatment and at the end of 3 months of treatment by
the same examiner using the Pro-Reflex motion analysis
system (Qualisys; Qualisys Inc., Goeteborg, Sweden).
This system consists of an 8-m-long wooden walkway, a
three-dimensional infrared camera system with six cam-
eras spaced equally on both sides of the walkway, and a
personal computer with Q-Trace software installed to
analyze the motion pattern. This system incorporates 9-
mm-diameter reflective markers for optimizing the focus
settings of the camera. Twelve markers were fixed bilat-
erally on the following landmarks: the superior border of
the patella, laterally at the knee joint line, tibial tuberos-
ity, lateral malleolus, heel posterior of the calcaneus, and
between the second and third metatarsal heads. The
procedures of calibration, capture, and analysis of data
were performed according to guidelines in the manual of
the motion system. The selected gait parameters were
evaluated: velocity (m/s), stride length (m), cadence
(steps/min), and percent of time spent in double limb
support (%) [20, 21].

Interventions
Traditional physical therapy program
Children in both groups got the traditional physical
therapy program, which included reflex-inhibiting exer-
cises for both lower limbs, stretching exercises, strength-
ening exercises for muscles of the trunk and both lower
limbs, proprioceptive training, balance exercises in all di-
rections from a standing position using a wooden bal-
ance board, and gait training (1 h/day, 3 days/week for 3
consecutive months) [22].

TheraTogs orthotic application
Children in the experimental group received the strap-
ping technique using TheraTogs orthotic undergarment
strapping system (TheraTogs™ Inc., Telluride, USA).
TheraTogs are made of a patented, proprietary, machine
washable, compose fabric consisting of nylon and span-
dex with an inner foam that gently grips the skin and
the underlying soft tissues and a velcro-sensitive outer
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layer to which therapist can affix elastic strapping, to ef-
fectively influence your patient’s movement, stability,
posture, and gait. A TheraTogs orthotic undergarment
consists of sleeveless tank-Top, two shorts (Hipster)
each with two thigh cuffs and limb cuffs. All parts fabri-
cated from nylon and spandex with a foam layer made
of aqueous-based elastomeric urethane and a variety of
elasticized straps. They are designed to be worn directly
on the skin as undergarments that allow unimpeded
toileting.
TheraTogs system gives the wearer a comfortable,

breathable Latex-free “second skin” on his torso and
thighs, providing vertical stiffness to reinforce postural
stability and horizontal stretch for child compression
and a comfortable fit. The following precautions will be
considered when applying this strapping technique; the
child should be comfortable without feeling constriction,
itching, or circulatory impairment. The garments should
be snug against the skin, with no significant gaps, folds,
or loose material. Well-fit garments are snug enough
that they effectively grip the wearer’s skin, without slip-
ping. Each child will have his own TheraTogs orthotic

undergarment, and it will not be allowed for any child to
share his orthosis with others for several reasons: to
avoid any infectious disease transformation, each child
has its special size which may not fit with other, and the
way of fitting and strapping technique will differ from
one child to other according to his case.
The wearing schedule for this study was adopted and

modified from Flanagan et al. [18]. Children wore Thera-
Togs orthotic undergarment and strapping system under
their usual clothes so it was not annoying or disturbing.
One week before starting the training program, the par-
ticipating children wore their TheraTogs as preparatory
stage without application of any exercise program with
gradually increasing the worn time till reaching the 12 h
per day, to allow the children to become acclimated to
the system.

Statistical analysis
Comparison of assessments before and immediately after
the treatment in each group (experimental or control)
was performed using a paired t test. The comparison of
assessments between both groups before and

Fig. 1 Flow chart showing the experimental design of the study
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immediately after treatment was carried out using an
unpaired t test. The Statistical Package for the Social
Sciences (SPSS) version 16.00 was used for data analysis.
P values less than 0.05 were considered to be statistically
significant.

Results
Thirty children with DCP (18 boys and 12 girls) were in-
cluded in this study. The children were randomly
assigned to one of two equal-sized groups (n = 15 each).
The demographic and clinical characteristics of the chil-
dren were similar in both groups (Table 1).
Baseline measurements revealed no significant differ-

ences in the mean values of gait parameters (velocity,
stride length, cadence, and percent of time spent in
double limb support) between the experimental and
control groups (P > 0.05) (Table 2). However, there was
a significant difference between the mean values of gait
parameters obtained at the baseline and post-treatment
assessments (P < 0.05). The children in the experimental
group exhibited improvements in their gait parameters
compared with children in the control group (Table 2).

Discussion
The purpose of this study was to investigate the effi-
cacy of the TheraTogs on gait pattern in children
with DCP; comparison of the difference between the
gait parameters was analyzed and compared between
conditions with and without the TheraTogs. The re-
sults showed that the selected gait parameters of the
children with DCP wearing the TheraTogs were sig-
nificantly improved compared to those who did not
wear the TheraTogs.
Cerebral palsy causes nervous system injury and

results in lower limb spasticity, contracture, lack of
coordination, muscle weakness, and inability to move

independently in children [23, 24]. When comparing the
number of motor units recruited during a voluntary con-
traction, the children with CP had less units than the
healthy children [25]. Along with muscular spasm and
joint contracture, the problems cause abnormal gait,
joint restriction, and loss of functional activity [26].
Ambulation is an important functional activity, as a pre-
vious study of Kadhim and Miller [26] pointed out that
90% of children with CP had instability problems during
gait, and 54% of the children were unable to walk alone.
Therefore, the children with CP needed more training
and assistance for walking in the rehabilitation
treatment.
TheraTogs is certainly a viable and useful physical

therapy intervention tool for modulating biomechan-
ical malalignment and poor postural control in
children having CP. Many scientists proposed that
therapeutic strapping would provide the foundation
for increasing proprioceptive and tactile awareness,
restoring optimal muscle length to provide a basis for
normal firing and recruitment patterns and orienting
the muscle force along normal vectors in the frontal
and sagittal planes [27–30].
TheraTogs and strapping system are designed to im-

prove body awareness, postural stability, and functional
joint alignment during therapy as well as during per-
formance of activities of daily living. Many authors sup-
ported that lower extremity strapping by application of
TheraTogs and strapping system could (1) gently rotate
the thigh as needed to improve knee joint alignment and
function and also to improve the recruitment of muscles
that cross the hip joint in swing phase, (2) gently rotate
the leg as needed to improve foot alignment and func-
tion, (3) reduce hip adduction and keep the legs apart to
correct scissoring gait, and (4) reduce trunk, hip, and
knee flexion [19, 31–33].

Table 1 Demographical and clinical characteristics of the children at baseline

Characteristics Experimental group
(n = 15)

Control group
(n = 15)

T value P value

Age (years) 10.53 ± 1.24 10.13 ± 1.25 0.88 0.364

Weight (Kg) 33.13 ± 1.73 32.4 ± 1.92 1.09 0.281

Height (meter) 1.35 ± 1.34 1.34 ± 1.24 0.12 0.333

Sex (boy/girl) 10/5 8/7 − 0.73 0.473

Spasticity grades

1 3 4 − 0.63 0.464

1+ 6 6

2 6 5

GMFCS level

I 7 6 0.47

II 8 9 0.724

GMFCS Gross Motor Function Classification System
Level of significance at P < 0.05
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The findings of this study agree with that of El Fiky
et al. [29]; they revealed that using of TheraTogs for a
long period might act as a continuous reflex-inhibiting
pattern for the abnormal internal rotation and adducted
hip pattern of the involved spastic limb. This inhibitory
mechanism might help in dampening the continuing re-
ciprocal inhibiting pattern of these overexcited groups
on the antagonist groups facilitating their action [29].
The study by Chang et al. [34] aimed to evaluate the

effects of external strap orthosis on plantar pressure and
gait parameters in children with CP. They found that the
plantar pressure and spatiotemporal gait analysis indi-
cated the potential use of external strap orthosis to im-
prove the gait speed, stride length, and cadence and
influence the foot motion and path of pressure trajectory
in the children with CP. The elastic force of the orthosis
can provide immediate assistance to correct the leg
alignment and improve the gait performance. The
current results support the importance of applying a
customized external strap orthosis for the child in the
treadmill ambulation training [34].
The results of the present study are consistent with

those of Jung et al.’s [35]; they showed that the spatio-
temporal gait variables of the children with CP 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 CP
may have positive effect to improve the gait ability [35].
Abd El-Kafy studied the clinical impact of ground reac-

tion orthoses and TheraTogs in gait parameters of

children with spastic diplegia CP. The results of the study
showed that the use of TheraTogs and the ground reac-
tion orthoses during treatment of children with CP over
12 weeks led to a greater improvement in their gait than
using conventional treatment without TheraTogs [36].
However, this study has some limitations, namely, (1)

the small sample size does not allow the generalization
of the results, (2) the lack of participants with other di-
agnosed types of CP, (3) the long-term effect was not be
investigated, (4) the effect of the physical therapy pro-
gram in both groups also limits the ability to isolate the
contribution of the TheraTogs orthotic undergarment
alone. The results of the present study are encouraging,
but further studies that include a larger number of
children with CP would provide results that could be
more easily generalized. Long-term effects of the orth-
osis on functional activity also needed to be investigated.
Future studies investigating the effect of TheraTogs
orthotic undergarment and its role in improving muscle
strength and energy expenditure in children with CP
may be useful for guiding clinical practice.

Conclusion
The results of the present study showed that the gait
pattern of the children with DCP wearing the TheraTogs
was significantly improved compared to those who did
not wear the TheraTogs. The results can suggest that
the use of TheraTogs may have positive effect to
improve the gait pattern in children with DCP.

Table 2 Pre and post-treatment mean values of gait parameters within each group and between groups

Parameters Experimental
group

Control
group

95% confidence interval of the difference T value P value

Lower Upper

Velocity (m/s) Pre 0.63 ± 0.29 0.64 ± 0.26 − 0.03 0.01 − 1.03 0.311

Post 0.80 ± 0.01 0.73 ± 0.02 0.05 0.08 9.92 < 0.001

T value − 28.08 − 20.82

P value < 0.001 < 0.001

Stride length (m) Pre 0.71 ± 0.37 0.70 ± 0.30 − 0.02 0.03 0.37 0.714

Post 0.92 ± 0.20 0.81 ± 0.32 0.09 0.13 11.35 < 0.001

T value − 29.56 − 21.72

P value < 0.001 < 0.001

Cadence (steps/min) Pre 87.6 ± 3.25 88.4 ± 2.16 − 2.86 1.26 − 0.79 0.434

Post 107.2 ± 4.72 94.9 ± 2.55 9.43 15.1 8.85 < 0.001

T value − 20.5 12.68

P value < 0.001 < 0.001

Percent of time spent in double
limb support (%)

Pre 35 ± 2 34.5 ± 1.88 − 0.98 1.92 0.65 0.516

Post 27.47 ± 1.46 30.2 ± 1.32 − 3.77 − 1.69 − 5.38 < 0.001

T value 12.38 15.08

P value < 0.001 < 0.001

Level of significance at P < 0.05
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