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Abstract: The development of motor function is related to the development of neural pathways in the
white matter. Children with developmental delay (DD) and hypotonia have reduced motor function,
and their neural pathways are observed differently from those of typically developed children. We
investigated changes in neural pathways through diffusion tensor imaging (DTI) after utilizing the
Vojta approach. The participant was a child with DD and hypotonia, and had delayed motor function.
Although he had no brain damage on magnetic resonance imaging findings, damage to the neural
pathway was confirmed through DTI due to cytomegalovirus infection in the mother’s womb. From
11 months of age, the Vojta approach was performed for a total of 8 months. In this study, we found
that in CST, the left FA and right TV increased in follow-up DTI more than in the initial DTI. In
CRP, Wallerian degeneration was observed in the left FA, MD, and TV in follow-up DTI. GMFM-88
improved after intervention. The structural change of neural pathways through the Vojta approach
influenced the improvement of gross motor function. Therefore, it is thought that the Vojta approach
can be suggested as a meaningful intervention for children with DD and hypotonia.

Keywords: developmental delay; Vojta approach; corticospinal tract; corticoreticular pathway; gross
motor

1. Introduction

The Vojta approach induces a certain movement by stimulating specific stimulation
zones. It is a method that suppresses abnormal movement, and induces normal motor
development by repeatedly memorizing the normal movement in the brain [1]. These
stimuli suppress the patient’s wrong compensatory movements, and promote correct
postural control [2]. Therefore, the Vojta approach is used as an intervention method
for spastic cerebral palsy (CP) [3], developmental delay (DD) [4], and musculoskeletal
diseases [5].

DD and hypotonia are diseases that cause problems due to interference with normal
brain development at the time of brain formation, or after birth [6]. This includes various
diseases such as chromosomal diseases, high-risk infants, and various syndromes. They
are characterized by delayed motor development [7].

The development of motor function is related to the development of neural path-
ways [8]. The neural pathways involved in motor function include the corticospinal tract
(CST) and the non-corticospinal tract (non-CST), located in the white matter [9]. The CST
tract plays a crucial role in fine motor functions, such as voluntary movement control of
the extremities and delicate hand movements [8,10]. Among the non-CST, the corticoretic-
ular pathway (CRP) is mainly involved in the trunk and axial muscles, and affects gross
motor function such as trunk control and gait [8,11]. Children with DD and hypotonia
have a smaller white matter volume than typically developed children, showing abnormal
myelination [12]. Moreover, the neural pathways located in the white matter are observed
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differently from typically developed children [13,14]; these problems are related to the
motor development of children.

Diffusion tensor imaging (DTI) is a method for evaluating the structure of these
neural pathways, which is an effective test for studying the fundamental structure of white
matter [15]. DTI is a non-invasive test that detects and analyzes changes in movement in a
certain direction, using the property of water molecules to diffuse in white matter [15]. The
findings of lesions in children with DD and hypotonia vary, and they may cause DD despite
normal magnetic resonance imaging (MRI) findings. Clinically applied rehabilitation
improves motor function and brain microstructure [16], but it is not easy to demonstrate
the mechanism by which the improvement occurs. DTI can evaluate the lesions of the
neural pathways of the white matter [17], and demonstrate deranged myelination [12]. In
addition, it is possible to estimate the improvement of motor function through changes to
the CST and CRP [18].

Among the various intervention methods, the Vojta approach is reported to be effective
in improving the motor function of children with DD and hypotonia [4], but studies on
structural changes in the neural pathways have not been reported. Therefore, the purpose
of this study was to investigate the effect of the Vojta approach on the CST and CRP changes
in children with DD and hypotonia.

2. Materials and Methods
2.1. Case Presentation

The participant was a male, born on 19 April 2016, with a gestation period of 39 weeks
and 4 days, and a birth weight of 2.6 kg. At birth, his heart rate decreased, and autonomous
respiration was difficult, so oxygen therapy was given for 10 days. MRI showed no brain
damage. Thereafter, he was discharged from the hospital and lived at home, and there were
no special features in sleep, diet, and other lifestyle patterns. However, he had difficulty in
head control and eye contact until approximately six months of age, and was diagnosed
with DD at the hospital in October 2016.

In February 2017, there was no progress in motor development, so he underwent
a thorough examination at the hospital. As a result, the child was diagnosed with cy-
tomegalovirus infection transmitted from the mother in utero. He was hospitalized for
approximately one month for cytomegalovirus treatment, and was discharged after com-
pletion of treatment. While in the hospital, he underwent an initial DTI at 10 months of age,
which confirmed damage to his neural pathways. He also had hearing problems. He was
discharged in early March 2017, and was able to control his head and roll over at the time.
The child received the Vojta approach from early March 2017, after his hospital discharge.
A follow-up DTI was performed after 9 months. The goal of rehabilitation for the child
and parent involved was to enable normal motor development and participation in daily
life through early intervention. We informed the child and parent of the purpose of the
study, and they consented to this study. This study was approved by the Research Ethics
Committee of Kyungnam University (1040460-A-2020-055).

2.2. Diffusion Tensor Imaging (DTI)

DTI was used to measure the neural pathway changes before (10 months of age) and
after (18 months of age) intervention application. Since the child was young and unable to
follow the examiner’s verbal instructions, the child was tested after taking a sleep-inducing
drug to limit movement during the measurement.

The DTI data were acquired using a Synergy-L Sensitivity Encoding (SENSE) head
coil on a 1.5 T Philips Gyroscan Intera (Philips, Best, The Netherlands), and single-shot
echo-planar imaging (EPI). For each of the 32 non-collinear and non-coplanar diffusion-
sensitizing gradients, we acquired 60 contiguous slices parallel to the anterior commissure–
posterior commissure line. The image parameters were as follows: matrix = 128 × 128; field
of view = 221 × 221 mm2; TE = 76 ms; TR = 10.726 ms; SENSE factor = 2, EPI factor = 67;
b = 600 mm2 s−1; NEX = 1; and a slice thickness of 2.3 mm. Pre-processing of the DTI data
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set was performed using the Oxford Centre for Functional Magnetic Resonance Imaging of
the Brain (FMRIB) software library (FSL), and DTI Studio software (CMRM, Johns Hopkins
Medical Institute, Baltimore, MD, USA) was used for reconstruction of CST and CRP.

The fiber tracking was performed using a fractional anisotropy (FA) threshold of >0.15
and direction threshold of <70◦. The three-dimensional fibers were superimposed on the
T2 transverse images performed immediately after DTI imaging. We measured the FA,
mean diffusion (MD), and tract volume (TV) of CST and CRP in both hemispheres [19].

2.3. Gross Motor Function

The Gross Motor Function Measure-88 (GMFM-88) is a standardized evaluation tool
that can evaluate changes in gross motor function and the effects of treatment [20]. The
items are divided into 5 areas: A (lying and rolling), B (sitting), C (crawling and kneeling),
D (standing), and E (walking, running, and jumping). The validity of GMFM-88 is 0.91 [21],
the inter-rater reliability is 0.77, the test-retest reliability is 0.88, and the intra-rater reliability
is 0.68 [22]. GMFM-88 was measured before and after intervention.

2.4. Intervention

Intervention was performed by physical therapist. The Vojta approach consists of
reflex turning 1, reflex turning 2, and reflex creeping. Reflex turning 1 and reflex turning
2 target the quadrupedal position by stimulating specific zones, and the reflex creeping
induces forward movement from the prone position. The intervention was applied for
40 min per session, 3 times a week, for a total of 8 months. It consisted of 10 min each,
depending on posture, a total of 30 min, and stretching was performed for 5 minutes before
and after the intervention.

3. Results
3.1. Change of the Neural Pathway

In the CST, the right FA decreased at follow-up rather than at the initial intervention,
but the left FA increased at follow-up rather than at the initial intervention. The right
and left MD decreased at follow-up rather than at the initial intervention. The right TV
increased at follow-up rather than at the initial intervention, but the left TV decreased at
follow-up rather than at the initial intervention.

In the CRP, the right FA decreased at follow-up than at the initial intervention, but the
right MD and TV increased at follow-up rather than at the initial intervention. The left FA,
MD, and TV showed degeneration at the initial intervention (Figure 1) (Table 1).

Table 1. Changes in CST and CRP pre- and post-intervention.

CST CRP

Initial Follow-Up Initial Follow-Up

FA Right 0.263 0.330 0.350 0.290
Left 0.330 0.398 0.307 -

MD Right 1.520 1.006 0.943 0.002
Left 1.110 0.987 0.012 -

TV Right 244.000 2508.000 152.000 183.000
Left 507.000 354.000 3920.000 -

CST: corticospinal tract; CRP: corticoreticular pathway; FA: fractional anisotropy; MD: mean diffusion; TV:
track volume.

3.2. Change of the Gross Motor Function

In the GMFM-88 scale, gross motor function improved from 17.17% at initial interven-
tion to 57.35% at follow-up (Table 2).
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Figure 1. Changes in neural pathway through diffusion tensor imaging (DTI) of a child at initial and follow-up interventions.
The initial DTI was performed at 10 months of age, and the follow-up DTI was performed after the intervention was applied
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Table 2. Changes in gross motor function (unit: %).

Initial Follow-Up

GMFM-88 17.17 57.35
GMFM-88: gross motor function measure-88.

4. Discussion

Myelination of white matter is closely related to the development of sensory, motor,
and cognitive functions in children [23,24], and children with DD are observed to decrease
FA and increase MD during DTI [13]. The purpose of this study was to investigate the
effect of the Vojta approach on the neural pathway changes of white matter in children
with DD and hypotonia.

The development of the CST affects the prognosis of motor function [23]. Azizi et al.
showed that when anti-gravity treadmill training was applied to children with CP, FA
increased and MD decreased in the CST, and gait function was improved [18]. They
reported that the intervention could induce neuroplasticity by positively affecting the
structure and motor function of neural pathways. Moreover, Trivedi et al. showed that,
when DTI were compared after 6 months of rehabilitation in spastic quadriplegia [25],
FA of the CST was increased, indicating that the improved clinical status demonstrates
plasticity in the cortex. In this study, the increase of FA in the CST and improvement of
motor function after applying the Vojta approach demonstrates increased plasticity in the
CST. An increase in TV in the right side also contributes to the maturation of more precise
fine motor skills, such as motor timing, and motor integration [8,26,27]. In this study,
the increase of TV in the right CST is thought to affect the precise movement of the left
hand. Therefore, stimulation of the specific zones through the Vojta approach is thought to
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have affected the neuroplasticity by communicating the inhibited movement to the central
nervous system.

The CRP exhibits symmetrical integrity during normal motor development, but if
disruption occurs, it cannot be considered normal development [8]. As a result of this study,
FA of the right CRP was decreased, MD and TV were increased, and the left side showed
degeneration. The therapeutic effect for improving motor function was more correlated
with TV than FA in DTI analysis [28]. Rha et al. reported that the high-functioning CP group
showed higher TV than the low-functioning CP group, but that there was no difference in
FA between the two groups [29]. In the study of Kwon et al., the bilateral trunk instability
group among children with DD showed lower FA and TV in the bilateral CRP. On the
other hand, the unilateral trunk instability group showed lower FA and TV in the CRP,
opposed to the clinical signs of typically developed children [30]. Moreover, in a study by
Son and Shin, due to observing DTI in children with trunk weakness, although MRI did
not show any clear abnormal lesions, the CRP showed a difference between the severely
damaged side and the less damaged side [31]. In studies by Kwon et al. and Son and Shin,
it was reported that the disruption to the CRP, even though there was no lesion in the MRI
results in common, was due to microstructural damage or pathological immaturity [30,31].
In this study, TV of the right CRP increased after the intervention, which is thought to
influence the improvement of trunk function and gait. However, in the left CRP, Wallerian
degeneration was observed. These results suggest that microstructural damage caused by
cytomegalovirus infection in the child affected the neuronal degeneration. It is thought that
microstructural damage also affected the right side, resulting in a decrease in FA, and an
increase in MD on the right side. Nevertheless, the child was able to walk independently
by 2–3 steps around the time of DTI imaging at follow-up, which is thought to be because
the increase in TV of the CRP affected the control of the contralateral proximal and bilateral
axial muscles [32]. In addition, the increase in TV of the right CRP is thought to be an effect
of the Vojta approach applied early, and the study of Jang et al. which supports our results
demonstrates that the increase in TV of the CRP affects the improvement of gait and motor
function [33].

The limitation of this study is that it is a single case report, and it is difficult to
generalize the results, since there is only one participant. Furthermore, there was no control
group, so it was difficult to compare the results. In addition, it was difficult to perform
various functional evaluations due to the young age of the subject. Therefore, in future
work, studies that complement these limitations should be conducted.

5. Conclusions

We were able to objectively prove the effect of the Vojta approach on the improvement
of gross motor function by observing neural pathway changes using DTI in a child with
DD and hypotonia.
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