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Effect of functional electrical stimulation 
versus TheraTogs on gait and balance in children 
with hemiplegic cerebral palsy: a randomized 
controlled trial
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Abstract 

Background:  Children with cerebral palsy exhibit postural restrictions and gait problems as a result of both primary 
and secondary brain damage impairments. One of the main goals of cerebral palsy rehabilitation is to improve gait 
and balance. As a result, the purpose of this study was to compare the effects of FES and TheraTogs on gait and bal‑
ance in children with hemiplegic CP. A randomized controlled study was conducted on 30 children with hemiplegic 
CP (18 boys and 12 girls) between the ages of 8 and 12 years. The children were divided into two equal groups. In 
addition to the traditional physical treatment program, the FES group received functional electrical stimulation (pulse 
width 300 μs, frequency 33 Hz, 2 h/day, 3 days/week, 3 months). The TheraTogs group, on the other hand, received the 
TheraTogs strapping system as well as the same traditional program for the same time period. The 3-D motion analysis 
and the Biodex balance system were used to analyze gait parameters and postural stability at baseline and 3 months 
after the intervention.

Results:  When comparing the mean values of the gait parameters and postural stability indices of children in both 
groups before and after treatment, a significant improvement was reported. Furthermore, the FES group showed a 
greater improvement in all of the measured outcomes (P < 0.001).

Conclusion:  Functional electrical stimulation improves gait pattern and postural stability in children with hemiplegic 
cerebral palsy significantly more than TheraTogs strapping systems.

Clinical trial registration:  This study was registered in the Clini​calTr​ial.​gov PRS (NCT05​020834).
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Background
Cerebral palsy (CP) is a term used to describe a group of 
permanent movement and posture impairments caused 
by non-progressive brain disorders [1]. Hemiplegia is 
characterized by the involvement of both the upper and 
lower limbs on the ipsilateral side, with the upper limb 
being more severely affected [2]. Hemiplegic CP accounts 

for 22.6–40% of all cases of CP, resulting in decreased 
functional independence and quality of life [3].

The most common gait impediment for children with 
hemiplegic CP is poor foot clearance during the swing 
phase and diminished heel strike on the affected side, 
possibly limiting higher-level ambulation and balance 
skills [4]. Children with hemiplegic CP experience higher 
energy cost [5] and reduced walking endurance [6] com-
pared to typically developing children.

Children with hemiplegic CP learn to walk with their 
feet wide apart, knees stiff, and feet turned inwards, 
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bearing their weight on the medial portions of their feet. 
They exhibit impaired balance, visual motor control, and 
strength, as well as shorter step and stride lengths, a high 
cadence, and a slow velocity [7]. In ambulatory children 
with CP, the ankle joint is the most commonly affected 
joint [8]. Common impairments are insufficient ankle 
dorsiflexion during swing phase of gait, or foot drop, 
and excessive plantarflexion during early to mid-stance. 
Standing and walking instabilities, as well as a higher 
risk of falling, are possible consequences of these impair-
ments [9].

Pharmacological treatments such as botulinum toxin 
type A [10], along with a variety of physiotherapy treat-
ments and/or the prescription of ankle foot orthoses 
(AFOs) are currently being used to help children with 
hemiplegic CP improve their gait [11]. Although AFOs 
improve ankle kinematics and temporal-spatial param-
eters during gait [12], the external support of AFO may 
hinder balance strategies for secondary repertoire expan-
sion as well as impede power generation for effective 
push off during walking and running for high functioning 
children [13]. As a result, research into alternative inter-
ventions is warranted.

Functional electrical stimulation (FES) is another treat-
ment that involves surface electrical stimulation of mus-
cles with impaired motor control in order to overcome an 
inability to contract and execute functional movements 
[14]. Previous studies of FES to improve ankle function in 
children with CP [15–17] have reported beneficial effects 
in gait including improved dorsiflexion, improved gait 
speed, and reduced asymmetry. However, a large concern 
has been children’s tolerance to wearing devices during 
normal daily activities [18].

The use of TheraTogs orthotic garments has been sug-
gested to improve the ability to stabilize the posture, to 
correct or prevent deformities, to improve functionality, 
and to enable the user a more appropriate functional pat-
tern [19]. A recent clinical trial has shown that the gait 
pattern of the children with CP wearing the TheraTogs 
was significantly improved compared to those who did 
not wear the TheraTogs [20].

Although the literature suggests that FES and Thera-
Togs are effective in the treatment of CP [16–20], there 
is limited research comparing the two therapies. The 
purpose of this study was to compare the effects of FES 
and TheraTogs on the treatment of children with hemi-
plegic CP.

Methods
Design
The Ethics Committee of the  Umm Al-Qura Univer-
sity approved this randomized controlled trial (HAPO-
02-K-012-2020-12-516). Parents have completed a 

consent form allowing their children to participate in 
the research. The children who participated were chosen 
from  the Physical Therapy Department, Maternity and 
Children Hospital, Makkah, Saudi Arabia. This trial was 
registered in Clini​calTr​ial.​gov PRS No. NCT05020834.

Participants, therapists, and centers
To evaluate age, diagnosis, and inclusion and exclusion 
criteria, forty children with hemiplegic CP were first 
examined and assessed. The following were the criteria 
for inclusion: magnetic resonance imaging (MRI) was 
used to confirm the diagnosis of hemiplegic CP in the 
children who participated in this study. Both sexes are 
between the ages of 8 and 12. The level of spasticity in 
the lower limbs ranged from grade 1 to grade 2 on the 
modified Ashworth scale (MAS). The levels of motor 
function were between levels I and II, according to the 
Gross Motor Function Classification System (GMFCS). 
The children in concern were cognitively capable of com-
prehending and following directions. They had no major 
medical issues, according to their medical report. Skin 
diseases and allergic reactions to the adhesive tape used 
in this study were excluded, as were any deformities that 
interfered with lower limb functions, children with pace-
makers who were contraindicated by electrical stimula-
tion, children with visual, auditory, or perceptual deficits, 
children with seizures, and children who had received 
botulinum toxin or other spasticity medication. Demo-
graphic (i.e., age and sex) and clinical (i.e., side of hemi-
plegia and GMFCS levels) information was collected in 
order to describe the sample. Therapists were included in 
the study once they were familiar with the FES and Ther-
aTogs. Centers were included in the study if they were 
well equipped and specialized in pediatric rehabilitation.

Randomization
Thirty children with hemiplegic CP met the above-men-
tioned criteria after the screening process. Children were 
randomly allocated, using a random number generator, 
with the allocation to either the FES or TheraTogs group 
being concealed. The random numbers were generated 
by the receptionist with every alternate number being 
marked either 1 or 2. However, the receptionist was 
blinded to the interventions assigned to group 1 (FES 
group) and group 2 (TheraTogs group). During allocation, 
every subject was asked to pick up one enclosed envelope 
from a box containing numbers from 1 to 30. Depending 
on the number picked by the subject, they were allocated 
to either group 1 or group 2 by the receptionist. There-
fore, two groups of 15 patients each were created with 
an aim to minimize the risk of allocation bias. All the 
patients were evaluated at baseline and after 3 months 
of treatment by the same therapist, who was blinded to 
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the allocation of patients to the FES or TheraTogs group. 
Group 1 (FES group) received traditional physical treat-
ment as well as FES, while group 2 (TheraTogs group) 
received TheraTogs as well as traditional physical therapy. 
The experimental design of this study is shown in Fig. 1.

Gait parameters evaluation
The same examiner used the Pro-Reflex motion analysis 
(Qualisys; Qualisys Inc., Goeteborg, Sweden) to analyze 
all children’s gait parameters before treatment and after 
3 months of treatment. An 8-m-long wooden walkway, a 
three-dimensional infrared camera system with six cam-
eras evenly positioned on both sides of the walkway, and 
a personal computer with Q-Trace software installed to 
analyze the motion pattern comprise this system. Reflec-
tive markers with a diameter of 9 mm are included in this 
system to help users fine-tune the camera’s focus settings. 

The superior border of the patella, laterally at the knee 
joint line, tibial tuberosity, lateral malleolus, heel poste-
rior to the calcaneus, and between the second and third 
metatarsal heads were all marked bilaterally. The cali-
bration, data capture, and analysis procedures were car-
ried out in accordance with the motion system’s manual. 
Velocity (m/s), stride length (m), cadence (steps/min), 
cycle time (s), and percent of time spent in stance of the 
affected limb (%) were the gait parameters that were ana-
lyzed [21, 22].

Postural stability evaluation
The same examiner, who was blinded to the children’s 
assignment, tested all of the children for postural stabil-
ity before therapy (pre-treatment) and after 3 months 
of treatment (post-treatment). The Biodex balance sys-
tem (Balance System SD, Shirely, NY) was used to assess 

Fig. 1  Flow chart showing the experimental design of the study
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postural stability. It measures the capacity to maintain 
postural stability on an unsteady surface and is used to 
test neuromuscular control [23]. A high-resolution color 
touch screen, support rails, and 12 platform control lev-
els are included in the Biodex. It has a total of 12 levels of 
stability (12 is more stable and 1 is less stable).

During the assessment, children were asked to main-
tain a centered position on a slightly unstable surface 
by shifting their feet until they could easily keep a cur-
sor centered on a screen while standing. The child was 
then instructed to keep his or her foot in place until the 
platform was stable. After the foot angles and heel coor-
dinates were entered into the system, the test started. 
The child was instructed to keep their eyes focused on 
the visual feedback screen directly in front of them, to 
keep both arms at their sides without grasping the hand-
rails, and to keep the cursor in the middle of the screen’s 
bull’s eye. The test lasted 30 s and was determined as the 
average of three tests. The results were printed once the 
test was completed. The overall stability index, anterior-
posterior stability index, and medio-lateral stability index 
were all included in the results. These results with higher 
values indicate balance problems [24].

Interventions
Traditional physical therapy program
Both groups of children received a traditional physical 
therapy program that included neuro-developmental 
treatment for both lower limbs, stretching exercises for 
tight hip flexors and adductors, knee flexors, and ankle 
plantar flexors, strengthening exercises for the trunk and 
both lower limbs, proprioceptive training, balance exer-
cises in all directions from a standing position, and gait 
training in a closed and open environment, for three con-
secutive months (1 h/day, 3 days/week) [25].

FES treatment
The WalkAide stimulator (Innovative Neurotron-
ics, Austin, Texas, USA) was used to administer FES to 
the children in the FES group. During the swing phase, 
WalkAide FES has one channel with two electrodes that 
are adhesively placed on the peroneal nerve to trigger 
dorsiflexors. The device is powered by a single AA bat-
tery and includes a tilt sensor, accelerometer, and incli-
nometer to detect the rate and angle of the lower leg and 
initiate stimulation of the peroneal nerve, which gener-
ates an action potential that stimulates the dorsiflexors 
during the swing phase, reducing foot slapping and pro-
ducing a normal gait pattern.

To stimulate the peroneal nerve before its separation 
into superficial and deep branches, the active electrode 
was placed inferior and behind the head of the fibula. 
The therapist performed small changes to the electrode 

placement to activate the tibialis anterior muscle more 
selectively. The electrode sensor was then inserted inside 
the device cuff to eliminate any bias in electrode position 
every time the device was worn. To complete the circuit, 
the passive electrode was inserted over the belly of the 
tibialis anterior muscle. The intensity of the WalkAide 
system’s asymmetrical biphasic electrical current was 
gradually increased in order to get the best contraction 
of the tibialis anterior muscle while remaining within the 
child’s tolerance.

The software was saved on the device once the proper 
timing was determined, ensuring that the stimulation 
was continuously delivered and ended at a specific shank 
angle. The pulse width has been set to a maximum of 
300 μs, and the frequency has been set to a maximum of 
33 Hz. With a dial on the WalkAide device, a therapist 
can adjust the intensity (mA). This device kept track of 
operation times as well as the total number of stimula-
tions. Electrodes should be changed every 2–3 weeks 
for proper care and maximum efficiency. A permanent 
marker was used to mark the position of the cuff and 
electrodes on the leg. Children were required to utilize 
WalkAide for 2 h per day as massed practice, 3 days per 
week, for 3 months during FES therapy [26–28].

TheraTogs orthotic treatment
A sleeveless top vest and two shorts with two thigh cuffs 
and limb cuffs each make up the TheraTogs strapping 
system which applied to the children in the TheraTogs 
group. The TheraTogs suit was worn directly over the 
skin under the garments, providing breathable, comforta-
ble Latex over the torso and thigh, as well as unrestricted 
toileting. For infection control and size fitting problems, 
participants were not allowed to share their TheraTogs 
with other patients [29].

TheraTogs were applied in two stages: the top vest or 
hipster fit and the strapping technique. First, the top 
vest was properly adjusted while the patient was upright, 
ensuring that there were no constrictions, comfort, 
or circulation difficulties. This top fitting provides the 
patient with constant exteroceptive and propriocep-
tive feeling, allowing the patient to recover core stability 
and adequate postural orientation, providing the patient 
with the necessary stability and safety. With the patient 
in the starting position with the hip in 5° abduction and 
external rotation, the hip abduction strapping system 
was applied. A wide strap was then fastened to the lower 
back of the affected thigh cuff and drawn up inner to and 
in front of the thigh, the hip joint, into the sacral region, 
and attached to the non-affected side’s torso. The top 
two straps supported the top vest in front and back pan-
els, the lower two straps were attached to the thigh cuffs 
to resist hip adduction while providing vertical trunk 
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firmness, and on the outer thigh, the thigh cuff straps 
were moved closer together, and all straps were modified 
in length and position to get the desired effect [19, 29].

The wearing schedule of TheraTogs for this study was 
adapted from our previous research on children with CP 
[20]. TheraTogs orthotic undergarment and strapping 
system were worn under their regular clothes, so it was 
neither distracting nor irritating. The participating chil-
dren wore their TheraTogs as a preparation stage with-
out any exercise program for 1 week before starting the 
training program, gradually increasing the worn time 
till reaching 2 h per day to allow the children to become 
acclimated to the system [20].

Statistical analysis
A preliminary power analysis (power = 0.8, α = 0.05, 
effect size = 0.5) was performed to avoid a type II error, 
resulting in a sample size of 30 for this study. The sample 
size was calculated using G Power version 3.1 (Heinrich- 
Heine-Universität, Düsseldorf, Germany).

The results were expressed as mean and standard devi-
ation (SD). Our data were normally distributed which 
was tested by Shapiro-Wilk test, so the mean values of all 
measured parameters, comparison of assessments before 
and immediately after the treatment in each group was 
performed using paired t-test, whereas the comparison 
of assessments between both groups before and immedi-
ately after treatment was carried out using an unpaired t 
test. The level of significance was set at alpha < 0.05. Sta-
tistical analysis was performed using SPSS software ver-
sion 20 (SPSS Inc., IBM, Chicago, IL, USA).

Results
Flow of participants through the trial
For this randomized trial, 40 children were screened, 
6 children were excluded because they failed to meet 
the inclusion criteria, and the parents of four children 
refused to participate in this study. Thirty children (18 
boys and 12 girls) with hemiplegic CP participated in 
this study. They were randomly divided into two groups 
of equal size (n = 15 each). The baseline characteristics 
of participants are represented in Table  1. The FES and 
TheraTogs groups were similar in terms of age, weight, 
height, sex, side of hemiplegia, GMFCS levels, and spas-
ticity grades. Two physical therapists with PhDs and 
more than 10-year experience in pediatric rehabilitation 
supervised the participants’ treatment, and each child 
was trained by the same therapist for all of the sessions.

Effect of interventions
At baseline, the mean values of gait parameters in the 
FES and TheraTogs groups were not statistically sig-
nificant (P > 0.05). However, the mean values of gait 

parameters measured at baseline and after treatment 
were statistically significant (P < 0.05). The FES group 
showed improvements in gait parameters as compared to 
the TheraTogs group, as shown in Table 2.

Before treatment, there were no statistically significant 
differences in mean values of postural stability indices 
between the FES and TheraTogs groups (P > 0.05). The 
mean values of the postural stability indices obtained 
from baseline and post-treatment evaluations were sta-
tistically significant (P < 0.05) in both groups. The FES 
group improved postural stability significantly more than 
the TheraTogs group, as shown in Table 3.

Discussion
The results of this study indicated that a 3-month pro-
gram of combined FES and traditional physical therapy 
produced better improvement in gait pattern and pos-
tural stability compared with a 3-month program of 
combined TheraTogs and traditional physical therapy. 
Significant improvement in both groups in all measuring 
variables was noted after 3 months of treatment. How-
ever, higher improvement was achieved in the FES group 
in all measuring parameters.

Spasticity often interferes with mobility, especially 
with walking. Spasticity of the ankle plantar-flexors 
and weakness and poor selective control of the ankle 
dorsiflexors can lead to drop foot or true equinus. As 
a result, children with CP often have a decreased walk-
ing distance and increased incidence of tripping and 
falling [30].

Table 1  Demographical and clinical characteristics of the 
children at baseline

GMFCS Gross Motor Function Classification System

*Significant

**Non-significant

Character FES group
(n = 15)

TheraTogs group
(n = 15)

P value

Mean ± SD Mean ± SD

Age (years) 10.53 ± 1.24 10.13 ± 1.25 ٭٭0.363
Height (meter) 1.35 ± 1.34 1.34 ± 1.24 ٭٭0.333
Weight (kg) 33.13 ± 1.73 32.4 ± 1.92 ٭٭0.281
Sex (boy/girl) 10/5 8/7 ٭٭0.473
Affected side (right/left) 9/6 11/4 ٭٭0.454
GMFCS level ٭٭0.724
  I 7 6

  II 8 9

Spasticity grades ٭٭0.464
  1 3 4

  1+ 6 6

  2 6 5
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The mechanism for gait improvement after FES is 
not well understood, but a possible hypothesis involves 
reciprocal inhibition, proposing that FES reduces 
muscle contraction at the ankle joint by addressing 
impaired reciprocal inhibition. FES produces stimula-
tion of the tibialis anterior muscle, which would cause 
inhibition of the gastrocnemius muscle, thereby ena-
bling better prepositioning of the foot for the stance 
phase of gait. This reciprocal inhibition coupled with 
increased awareness caused by the stimulation might 
also account for the observed improvements in selec-
tive motor control of the ankle joint [31].

The positive effect on walking recovery in these chil-
dren is due to stimulating the peroneal nerve, which 
actively dorsiflexes the ankle and strengthens the mus-
cles. At high levels, common peroneal nerve stimulation 
can produce hip and knee flexion, and it has also been 
claimed to reduce or counteract spasticity [18, 32]. This 
may lead to a global improvement of walking function 

and, maybe, a lower cost of oxygen consumption. Thus, 
children during therapy may walk more and better, per-
forming more steps with less overexertion [33].

The improvement of postural stability in the FES group 
could be due to regaining normal muscle contraction 
sequences, which had been affected in children with CP, 
starting with the activation of the anterior tibial group, 
followed by the proximal lower limb muscles, and finally 
the trunk muscles. Furthermore, the FES caused nerve 
and muscle stimulation to be repeated and continuous, 
resulting in an increase in synaptic transmission of intact 
neural fibers, the advancement of new synaptic pathways, 
and the support of linking alignments in the nervous sys-
tem [34].

Mäenpää and colleagues [35] described children with 
spastic hemiplegia or diplegia and weak or absent active 
ankle dorsiflexion who received electrical stimulation 
of the tibialis anterior muscle during ordinary sched-
uled physical therapy sessions for 1 month. In that study, 

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

Level of significance at P < 0.05

*Significant

**Non-significant

Parameters Stride length (m) Cadence (steps/min) Speed (m/s) Cycle time (s) Affected stance (%)

Pre Post Pre Post Pre Post Pre Post Pre Post

FES group 0.4 ± 0.08 0.74 ± 0.09 131.3 ± 4.75 119.9 ± 5.11 0.47 ± 0.07 0.75 ± 0.83 0.4 ± 0.07 0.65 ± 0.05 46.5 ± 1.69 55.9 ± 1.67

TheraTogs group 0.38 ± 0.78 0.5 ± 0.07 130 ± 3.96 125 ± 4.23 0.47 ± 0.08 0.6 ± 0.07 0.37 ± 0.07 0.49 ± 0.07 45.33 ± 1.8 50.47 ± 1.85

Tvalue 0.68 7.48 0.84 −2.96 −0.24 5.28 1.00 7.13 1.89 8.51

Pvalue 0.51** 0.001* 0.41** 0.006* 0.81** 0.001* 0.33** 0.001* 0.07** 0.001*

Table 3  Pre- and post-treatment mean values of postural stability indices within each group and between groups

Level of significance at P < 0.05

*Significant

**Non-significant

Parameters FES group TheraTogs group T value P value
Mean ± SD Mean ± SD

Overall stability index Pre 3.37 ± 0.21 3.28 ± 0.16 1.32 0.198**

Post 2.25 ± 0.16 2.75 ± 0.15 − 8.57 < 0.001*

Tvalue 27.67 12.91

Pvalue < 0.001* < 0.001*

Antero-posterior stability index Pre 2.85 ± 0.16 2.78 ± 0.14 1.18 0.248**

Post 1.8 ± 0.15 2.26 ± 0.19 −  7.04 < 0.001*

Tvalue 34.36 16.48

Pvalue < 0.001* < 0.001*

Medio-lateral stability index Pre 2.32 ± 0.29 2.24 ± 0.28 0.82 0.419 **

Post 1.65 ± 0.16 2.01 ± 0.18 − 5.51 < 0.001*

Tvalue 11.75 5.40

Pvalue < 0.001* < 0.001*
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electrical stimulation at the sensory level combined with 
physical therapy improved active and passive motions of 
the ankle and foot, and the improvement persisted for 
months after the termination of electrical stimulation 
therapy.

TheraTogs strapping system used in this study 
increased proprioceptive stimulation and decreased mus-
cle length, promoting the action of the hip abductors and 
extensors and allowing for normal firing and recruitment 
mechanisms of these muscles, resulting in increased 
force generation and improved body static and dynamic 
balance. Furthermore, using the TheraTogs strapping 
system to position the affected limb in external rotation 
and abduction caused reflex inhibition of the spastic hip 
internal rotators and adductor muscles, facilitating nor-
mal antagonistic muscular activation [36].

The findings of this study are similar to those of Sherief 
et  al. [37], they found that combining FES with tradi-
tional physical therapy treatment improved balance and 
functional abilities in hemiplegic CP. Pool et al. [14], have 
also demonstrated that short-term daily community FES 
is a beneficial activity-based treatment with orthotics and 
therapeutic effects. Up to 6 weeks after therapy, improve-
ments in community mobility, balance, and spasticity can 
be shown. This indicates that FES can be used to treat 
children with CP and equinus gait patterns during every-
day walking activities.

This study’s findings are similar to those of Eid et  al. 
[38], and they examined the impact of FES versus hinged 
AFO on gait performance in children with hemiplegic 
CP. Both the FES and the hinged AFO have been shown 
to enhance gait characteristics such as stride length, gait 
velocity, and ankle dorsiflexion angle at initial contact 
and mid-swing. FES, on the other hand, is more effective 
at increasing ankle dorsiflexion angle in the middle of the 
gait cycle.

Prenton et  al. [39], disagree with the findings of this 
study, suggesting that, contrary to belief, AFO show the 
same positive combined-orthotic effects as FES on key 
walking measures for stroke-related foot drop. However, 
additional high-quality, long-term RCTs are needed. 
These should concentrate on determining the mecha-
nisms of action, as well as whether improvements in 
impairment translate into improved function, as well as 
detailed reporting of the devices utilized across diagnosis.

However, there are some limitations to this study, 
including the small sample size, which limits the gen-
eralization of the findings; lack of a control group that 
received the traditional therapy only; the lack of partici-
pants with different types of CP; and the lack of follow-up 
the children after the cessation of interventions. The cur-
rent study’s findings are promising, but future research 
with a larger number of children with CP would provide 

results that could be more easily generalized. It was also 
important to search into the long-term effects of FES and 
TheraTogs on functional activity. Future research on the 
effects of FES and TheraTogs, as well as their involvement 
in enhancing muscle strength, bone mineral density, and 
energy expenditure in children with CP, could help clini-
cians make better decisions.

Conclusions
FES is significantly more effective than TheraTogs strap-
ping systems in improving gait pattern and postural sta-
bility in children with hemiplegic CP, according to the 
findings of this study.
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