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ABSTRACT

The purpose of this blind-assessor randomized crossover trial was to
evaluate the effect of Vojta therapy (VT) and a balance training program
(BTP) on dynamic sitting balance in individuals with thoracic chronic
motor complete spinal cord injury (SCI). Eleven individuals with SCI
(T2-T12, American Spinal Injury Association (ASIA) class A-B) were randomly
assigned to undergo either VT or BTP for 45 minutes. One week later,
the interventions were alternated. The primary outcome measures were
dynamic sitting balance assessed via the modified Functional Reach
Test (MFRT) and the ability to don and doff a T-shirt (the T-shirt test).
Gross motor function assessment (GMFA) was the secondary outcome. All
assessments were performed immediately before and after the
intervention. The Mann-Whitney U test was used to compare the change
score between interventions, and the Wilcoxon signed rank test was used
to analyze the data within an intervention. There was not significant
difference at before between interventions. VT was superior to BTP in
yielding a statistically significant difference in dynamic sitting balance and
gross motor function (p-value < 0.05). However, both interventions proved
effective in improving dynamic sitting balance and gross motor function
(p-value < 0.05) in those suffering from motor complete chronic SCI. A
45-minute VT and BTP program was able to improve dynamic sitting balance
and gross motor function relating to the functional ability and activities
daily living of individuals with thoracic SCI with a long post-injury time.

*Corresponding author: Chatwalai Sonthikul, MSc. Department of Physical Therapy, Faculty of Medicine, Prince of Songkla
University, 15 Karnjanavanich Road, Kho Hong, Hat Yai, Songkhla 90110, Thailand. E-mail: chatwalai.s@gmail.com
Received: 10 July 2021/ Revised: 25 September 2021/ Accepted: 23 October 2021



Sonthikul et al.

Arch AHS 2022; 34(1): 9-20.

Introduction

Thoracic spinal cord injury (SCI) results in
impaired sensorimotor function of the trunk and
legs below the injury level. Due to a decreased
control of the trunk, many individuals with thoracic
SCI have poor sitting balance and remain
wheelchair-dependent even after rehabilitation’.
Good sitting balance is a fundamental component
for functional activities of daily living in both
the home and the community, such as grooming,
dressing, wheelchair propulsion, transfer to
and from the wheelchair, and reaching objects?.
Furthermore, a previous study found that 31
percent of their participants reported more than
500 fall events in wheelchair-dependent SCI
patients®. Therefore, improving the sitting balance
is essential for achieving independence activities
daily living in individuals with thoracic spinal cord
injury?.

There are different intervention methods for
improving dynamic sitting balance in individuals
with SCI %57, Task-specific training is commonly
used®7, and it involves intensive and repetitious
practice following the principle of motor
relearning®®. A systemic review in 2018 found
a moderate level of evidence that task-specific
training interventions can improve sitting balance
in the chronic stages of the disease*. In addition,
these treatments require six to twelve weeks
to yield any improvement in dynamic sitting
balance®. The balance training program (BTP) is one
type of task-specific training. Furthermore, a new
intervention, Vojta therapy (VT), has been shown
to improve balance™.

VT was first used by Prof. Dr. Vaclav Vojta
in 1959 for the treatment of children with
cerebral palsy. Later, it was successfully applied
to treat movement disorders in adults''. The
basic principle of VT is reflex locomotion'>"3,
The reflex locomotion pattern is the “building
blocks” used for movement and postural control,
which are emerged by position correction and
stimulation of the appropriate zone'*". The
position consists of supine and side lying (reflex
rolling) and prone lying (reflex creeping)'>™.
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There are ten different zones on a human
body'. Isometric muscles, which take part in
the locomotion of the whole body, are activated
via exteroceptors and the enteroceptors'®'2,
Afferent stimulation goes to the central nervous
system and a connection between the spinal
cord and the brain is established by propriospinal
neurons'>'3, In addition, a previous study also
found that VT activated the transversus
abdominis muscle which is one of the core muscles
for providing proximal stability to improve
balance' "7,

To our knowledge, no study has used VT as
an intervention in SCI patients. Hence, the aim
of this study was to investigate the effects of VT
and BTP on improving dynamic sitting balance
in people suffering from chronic thoracic motor
complete SCI.

Materials and methods

Trial design

An assessor-blind, randomized, 2x2
crossover trial study (switching from one
intervention to another during study)'® was
undertaken at the Department of Physical
Therapy, Faculty of Medicine, Prince of Songkla
University from December 2019 to February 2020.
A computer-generated random intervention was
obtained before beginning the trial by a person not
involved in the recruitment of the participants.
The participants, who passed the screening
process and completed the initial assessment,
were informed which intervention they received
first. Using a repeated-measures crossover
design, participants were randomized to receive
45 minutes of either VT or BTP, followed by
a 1-week wash-out'®, after which the participants
received the other intervention paradigm
(Figure 1). This study used the crossover deign as
a way to minimize the occurrence of participant
heterogeneousness (e.g., age, gender, body mass
index, etiology of disease, neurological level of
injury which could have affected the results of
the study).
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Assessed for eligibility (n=22)
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‘ Allocation ‘
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- Received intervention (n=5) program (n=6)
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Allocated to balance training
program (n=5)

- Received intervention (n=5)

v

v

Allocated to Vojta therapy (n=6)
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v

Analyzed (n=11)

Figure 1 CONSORT (Consolidated Standards of Reporting Trial) flow diagram of randomized crossover

design.

Participants

Participants were included if they had
a motor complete SCI (classified as ASIA
Impairment Scale (AIS) A to B) at a neurological
level of injury between T2 and T12 for a duration
of more than 12 months". The additional inclusion
criteria were the following: age between 18 and
60 years and the ability to sit unsupported for
more than 10 seconds with a shoulder flexion
of more than 90 degrees. Potential participants
were excluded according to the following: had
experienced VT within one month, had other
neurological (e.g., stroke, traumatic brain injury,
or Parkinson’s disease, and had musculoskeletal
(e.g., osteogenesis imperfecta) or cardiovascular

problems (heart disease) that are precautions
and contraindications for VT. The study protocol
was approved by the Human Research Ethics
Committee (HREC), Faculty of Medicine, Prince
of Songkla University (No. 62-292-30-2). All the
participants understood and acknowledged the
details of the study and the risk involved and
provided a written informed consent before the
study’s commencement.

Sample size calculation

The sample size was calculated based on
a pilot study among five participants using the
formula described below
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The sample size was estimated on the
basis of the dynamic sitting balance measured
on a modified functional reach test (mFRT) after
intervention and assuming an 80.0% power, 5.0%
significance, and 20.0% dropout rate. In order
to detect a statistical significance between
interventions on mFRT, a minimum total sample
size of 11 was required for the study.

Interventions

Participants received two programs for 45
minutes. The programs consisted of 15 minutes
of prolonged passive stretching before the
intervention and 30 minutes of VT or BTP

A. Chest zone in reflex rolling

B. Scapular and ASIS zone
in reflex rolling

depending on the treatment order. The prolonged
passive stretching consisted of five poses: trunk
rotator muscles, hip flexor muscles, hip adductor
muscles, ankle plantar flexor muscles, and hip
extensor muscles. The participants were stretched
holding each pose for 15 seconds and repeating
it five times.

VT was administered by a Vojta therapist,
who is licensed and has an experience of more
than two years. The participants received 30
minutes of VT in the supine position (reflex rolling)
for the chest zone, the side lying position (reflex
rolling) for the scapular and anterior superior iliac
spine (ASIS) zone, and the prone position (reflex
creeping) for the calcaneus zone?. Each position
was stimulated for 10 minutes on both left and
right sides (Figure 2).

C. Calcaneus zone in reflex
creeping

Figure 2 Vojta therapy

The BTP is modified from previous study®.
It comprised 24 different exercises in three sitting
positions, which consisted of long sitting on the
bed, side sitting, and side sitting on the balance
board. Each position involved eight poses composed
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of static sitting balance training for one minute,
ball elevation 10 times, front reaching 10 times,
right and left side reaching 10 times, cross right
and left side reaching 10 times, and front reaching
to contact the feet 10 times (Figure 3).
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A. Static sitting balance B. Ball elevation sitting C. Front reaching
on the bed on the bed sitting on the bed
n—

D. Right side reaching sitting  E. Crossed right side reaching  F. Front reaching to contact

on the bed sitting on the bed the feet sitting on the bed
G. Static side sitting balance  H. Ball elevation side sitting I. Front reaching side sitting

s e

J. Right side reaching side K. Left side reaching side L. Front reaching to contact
sitting sitting the feet side sitting

-

N. Ball elevation side sitting  O. Front reaching side sitting
on the balance board on the balance board

M. Static balance side sitting
on the balance board

P. Right side reaching side Q. Left side reaching side sit-  R. Front reaching to contact
sitting on the balance board ting on the balance board the feet side sitting on the
balance board
Figure 3 Examples of exercises in the balance training program
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Outcome

All assessments were made both before and
after the intervention by one assessor blinded
to the participants’ treatment allocation.
Participants were asked not to discuss their
intervention allocation with the assessor.

Primary outcome

Dynamic balance was the primary outcome
of this study, which was measured using two
assessments-mFRT and T-shirt test. mFRT measures
spatial variables, while the T-shirt test measures
temporal variables. mFRT has been modified to
evaluate dynamic balance in a sitting position
in individuals with SCI?'. This test has excellent
reliability and is not complicated for assessment?'.
Participants sat at the edge of the bed with hips
and knees flexed at 90° and feet resting on the
floor?'. The distance between the popliteal fossa
and the edge of the bed was about two inches?'.
The tape measure was placed along the subject
shoulder at the level of the acromion?'. The tip
of the middle finger served as the landmark for
measuring the distance in centimeters. For forward
mFRT, the participants flexed the dominant
shoulder at 90° reaching forward as far as
possible without turning the trunk or using
the hand for support’. During right mFRT, the
participants abducted the right shoulder 90°
reaching forward as far as possible without turning
the trunk or using the hand for support?. When
performing the left mFRT, the participants
abducted the left shoulder 90° reaching forward
as far as possible without turning trunk or using
the hand for support??. Each participant had two
practice trials followed by three trials tested with
a 15-second rest between trials. The average of
the results from three trials was used for data
analysis.

In addition, the T-shirt test was used to
assess dynamic balance in the sitting position as
a functional task, which measured the time
required to put on and take off the shirt?. This
test has excellent reliability, takes less than
three minutes, and requires a minimal amount of
equipment?. Participants sat at the edge of the
bed with the feet resting on the floor. A T-shirt
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one size larger than the participants’ normal size
was placed face down on a table in front of the
participants that was at the height of their iliac
crests®. The participants were asked to put on
and take off the T-shirt as quickly as possible. The
test was repeated twice, and the average times
calculated from each component (on, off, and
total time) was used in data analysis.

Secondary outcome

This study used gross motor function
assessment because it is one of the components of
functional ability. It evaluates the amount of time
to move from supine position to another position;
from the supine position to right side lying, from
the supine position to left side lying, and from the
supine position to sitting. The test was repeated
for three times, and the average times were used
in data analysis.

Statistical analysis

SPSS 23.0 was used for the statistical
analysis of this study. Due to the small number
of participants, this study used non-parametric
statistics to analyze the data. The Mann-whittney
U test was employed to compare the change in
scores between VT and BTP. A Wilcoxon signed rank
test was also performed to investigate whether
there was any within-group difference. The level
of statistical significance was set at a = 0.05.

Results

Table 1 presents demographics and
baseline characteristics of 11 participants (eight
male and three females). The median of age,
weight, height, and BMI were 49.00 years
(interquartile range (IQR) 35.00 to 53.00), 65.00 kg
(IQR 62.80 to 70.00), 165.00 cm (IQR 165 to 168),
and 23.59 kg/m? (IQR 20.76 to 25.71), respectively.
All participants had etiology from trauma. Four
participants had the 12" thoracic level, three
participants had the 11t thoracic level, and another
one had the 2™, 4% 5% and 6% thoracic level. The
median of months post injury was 214.00 months
(IQR 164 to 240). Six participants had AlS class A,
while five participants had AlS class B.
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Discussion

This study aimed to evaluate the efficacy
of VT as compared with BTP in chronic motor
complete SCI. The primary findings of this study
demonstrated that VT elicited greater gains in
dynamic sitting balance and gross motor function
than BTP in motor complete SCI. This study is
inconsistent with the findings of the study by Ha
and Sung?®, which compared VT and traditional
physical therapy after 6 weeks in 10 children with
spastic cerebral palsy (CP). That study found no
significant improvement in gross motor function
using gross motor function measure (GMFM)-88.
Nevertheless, they found significant difference in
diaphragm movement between the study groups.
However, this study is consistent with the finding
of Epple et al. in 2020%, which found that Vojta
therapy was statistically superior to traditional
physical therapy in postural control of individuals
with severe acute stroke. The researcher
hypotheses corresponding to the changes
observed in this study were caused by VT
activating the diaphragm, transversus abdominis
muscle, and deep muscles of the spine'®'"2°, The
transversus abdominis is activated first among
the trunk muscles before the extremities move
to control trunk stability and the movement
of the spine?. Furthermore, the transversus
abdominis and diaphragm muscles work together
to increase pressure in the abdomen, which
provokes the physiological extension of the
axial axis by rotating and extending each of its
segments; this mechanism may help improve
balance and gross motor function in VT more than
BTP10,11,20,25.

VT significantly immediately improved
dynamic sitting balance and gross motor function
in motor complete SCI. This result is consistent
with Tayati et al?®, who found VT can immediately
improve in dynamic balance in individuals with
chronic stroke. In addition, this result is consistent
with a previous study which found a significant
improvement in sitting ability after VT in the
children with CP?°, Furthermore, the study of
Lim and Kim (2013) also found a significant
improvement in spatiotemporal gait parameters in
the children with CP after VT when measured using

the Vicon motion analysis?’. This improvement
can be attributed the ability of VT to stimulate
reflex locomotion, which enables the proper
sequential activation of motor centers controlling
the muscles of both upper and lower extremities
via propriospinal neurons'2. Propriospinal neurons
communicate information over short and long
distances within the spinal cord to play a crucial
role in motor control and sensory processing?®%°,
They act to coordinate between upper extremities,
lower extremities, and the trunk based on the
Sherrington’s concept'>?. Furthermore, it has
been reported that the activation of propriospinal
circuits can promote the recovery of locomotion in
individuals with SCI?. Furthermore, VT promotes
the establishment of the pontomedullary reticular
system and the function of the putamen®. This
portion of the brain coordinates with the brain
stem to govern posture control and locomotion
before initiate movement3'. Furthermore,
VT also activates the transversus abdominis
and diaphragm muscles and increases spinal
elongation, which help improve both sitting
balance and mobility'%20.27:32,

The BTP improved significantly the dynamic
balance and gross motor function in complete SCI.
This result is supported by an earlier study, which
found a significant immediately improvement in
the dynamic balance of 20 individuals with SCI
measured using the timed up and go test (TUG)
after obstacle crossing training and conventional
overground walking training'.In addition, the
study of Saensook et al. found an immediate
significant improvement in dynamic balance
after sit-to-stand training evaluated via the TUG
in 27 individuals with SCI®. Moreover, a previous
study in 2019 found a significant improvement
in the ability to transition from supine position
to right side lying after activity-based therapy
assessed using the Modified Rivermead Mobility
Index in 91 individuals with SCI**. This is consistent
with the findings of a previous study, which
suggested that task-specific balance training may
augment plastic neuromuscular changes®. It has
been reported that it can influence locomotor
performance in individuals with SCI*>. Furthermore,
the core or trunk muscles used in the balance
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training program can contribute to increased
functional abilities3®.

In light of the fact that no side effects were
observed in this study, it can be concluded that
both VT and BTP are safe for individuals with SCI.
However, a limitation of this study is the fact that
the assessment was conducted immediately after
the intervention, so any short-term or long-term
effects of VT or BTP on dynamic sitting balance
could not be determined. Future studies should
employ a suitable follow-up as well as measure
other parameters such as electromyography,
muscle tone, muscle power, etc.

Conclusion

In conclusion, both VT and BTP were
effective in the treatment of dynamic sitting
balance and gross motor function in chronic motor
complete SCI. However, the researchers observed
a greater overall improvement in the scales of
dynamic balance and gross motor function when
the individuals were treated via VT.

Clinical implication

e VT achieves a significantly greater
improvement in dynamic sitting balance
and gross motor function in motor
complete SCI

e Both VT and the BTP results in an
immediate improvement of dynamic
sitting balance and gross motor function
in motor complete SCI.
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