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INTRODUCTION

The Vojta approach is an intervention method that elicits a sys-
temic motor response by stimulating a specific reflex zone in a 
specific starting position [1]. Stimulating the reflex zone of the 
Vojta approach inhibits abnormal movements and induces nor-
mal motor development by repeatedly remembering normal 
movements in the brain [2]. In addition, since it has a certain 

direction of muscle contraction, it stimulates muscles, joints, 
ligaments, and tendons, and postural maintenance can be im-
proved through isometric contraction [3]. Based on this pur-
pose, the Vojta approach has been applied to various diseases 
such as children with developmental delay (DD) [1], stroke pa-
tients [4], and musculoskeletal diseases [5].

Children who present with weakness, low muscle tone, ab-
normal reflexes, and sensory and motor problems have devel-
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Purpose: In this study, the effect of the Vojta approach on neck stability and static balance in children with hypotonia was 
studied.
Methods: Seventeen children with hypotonia were randomly divided into the Vojta approach group (n=9) and the general 
physical therapy group (n=8). Each group was applied intervention for 30 minutes per session, 3 times a week, for a total of 4 
weeks. Ultrasonography was used to measure deep neck flexor muscle thickness, craniovertebral angle (CVA) to measure neck 
alignment along the spine segment, and Balancia software program to measure static balance.
Results: In the Vojta approach group, the deep neck flexor muscle thickness was significantly increased (P<0.05), and the 
CVA was significantly improved (P<0.05). In addition, path area among static balance was significantly improved (P<0.05).
Conclusions: The Vojta approach can be suggested as an effective intervention method for improving neck stability and static 
balance in children with hypotonia.
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• HIGHLIGHTS
- Children with hypotonia reduced gross motor function.
- Low muscle tone affected the posture and reduces the balance in children with hypotonia
- The Vojta approach affected postural improvement by activating the deep spinal muscles.
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opmental delays and are considered hypotonia [6]. They are 
sometimes accompanied with seizures and organ malformation 
[7,8]. Many disorders, including neurological disorders, endo-
crine and metabolic disorders, Prader-Willi syndrome, and spi-
nal muscular atrophy, often present with hypotonia as a clinical 
symptom [6]. Hypotonia is characterized by lack of resistance 
to passive movements, joint hypermobility, and reduced endur-
ance [8,9]. This causes abnormalities in the posture of tilting the 
head back in a sitting position, and excessive wrinkles appear 
on the neck, which lowers the stability of the neck [10,11].

Neck stability refers to the action of the deep neck flexor 
muscle, the antigravity flexor muscle that controls the head 
movement [11]. The deep neck flexor muscles have a positive 
effect on the correct alignment of the neck and the balance of 
the trunk and neck and play a role in providing neck stability 
during movement [12,13]. They are attached directly to the cer-
vical spine and joints and play an important role in the postural 
control of the cervical spine and each segment stability [14]. 
Weak deep neck flexor muscle can lead to cervical spine insta-
bility [12]. This problem causes the forward head posture 
(FHP), which affects balance due to incorrect afferent input 
from the neck muscles [15].

Balance is the basis of motor development, and tonic activa-
tion of the trunk muscles is necessary to maintain an upright 
sitting posture [16,17]. Hypotonia are difficult to maintain bal-
ance due to low muscle tone, and postural sway are greater than 
those of typical developing children [18]. Abnormal posture is 
a major factor that reduces balance ability and quality of life 
[19,20], and balance disorders affect daily life by limiting inter-
actions with the environment [21]. Therefore, it is important to 
improve balance in children with hypotonia.

Various interventions such as treadmill, dual task, neck and 
trunk stabilization exercise, and Vojta approach have been ap-
plied to improve motor function [1,9,15,22,23]. Among them, 
the Vojta approach has been reported to influence postural im-
provement by activating the deep spinal muscles [3]. Studies on 
the Vojta approach mainly focuses on children with hypertonia, 
and there are few studies on children with hypotonia. In addi-
tion, the neck stability and balance in children with hypotonia 
are decreased, but studies on this ae rare. Therefore, we deter-
mined the effect of the Vojta approach on neck stability and 
static balance in sitting position in children with hypotonia.

MATERIALS AND METHODS

Participants
The experiment was performed on children with hypotonia 
who were admitted to hospital. Th inclusion criteria were as fol-
lows: (1) children diagnosed with DD before the age of 5 and 
accompanied by hypotonia, (2) gross motor function classifica-
tion system level II–IV, (3) children who can perform simple 
verbal instructions from the researcher, (4) children who can 
maintain a sitting posture. The exclusion criteria were as fol-
lows: (1) children with DD accompanied by spasticity, (2) chil-
dren with vision and hearing impairments, (3) children with 
uncontrolled seizure, (4) children with acute fever or inflam-
mation. All participants were informed of the study and signed 
consent forms. This study was conducted after approval by the 
Research Ethics Committee of the Kyungnam University 
(1040460-A-2020-016).

Participants were divided into 2 groups (experimental group 
and control group). The general characteristics of the partici-
pants were as follows: experimental group (n=9), age 46.88± 
20.39 months, gross motor function classification system (GM-
FCS) I/II/III/IV=1/2/4/2 and control group (n=8), age 54.87± 
19.09 months, GMFCS I/II/III/IV=1/2/3/2. The experimental 
group applied the Vojta approach, and the control group ap-
plied general physical therapy. Intervention was applied to each 
group for 30 minutes per session, twice a day, 3 times a week, 
for a total of 4 weeks. All groups were examined for deep neck 
flexor muscle thickness, craniovertebral angle (CVA), static bal-
ance before and after intervention.

Intervention
The Vojta approach is divided into reflex turning 1, reflex turn-
ing 2, reflex creeping, and first position. The reflex turning 1 
stimulated the breast zone in the supine position, and reflex 
turning 2 stimulated the medial border of the scapula and the 
anterior superior iliac spine (ASIS) in the side lying position. 
Reflex creeping stimulated the medial epicondyle of the hu-
merus and calcaneus in the prone position. In the first position, 
both knees bent in the prone position, and the upper limbs 
were in the same position as the reflex creeping, stimulating the 
ASIS and the medial epicondyle of the humerus. Each posture 
was applied for a total of 30 minutes, 10 minutes each, and re-
flex creeping or the first position was selected according to the 
characteristics of the child.
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Ultrasonography
The thicknesses of deep neck flexor muscle were scanned imag-
es in B mode using SONON application, and a 10-MHz linear 
probe of ultrasonography (Sonson, Healcerion, Seoul, Korea). 
Participants were seated with their feet on the floor, with the 
spine extended and maintained as far as possible. The probe 
was placed vertically at a position 3 cm outward from the cen-
ter of the trachea to measure the thickness of the right deep 
neck flexor muscle [24]. It was measured at the end of the exha-
lation to reduce the error due to respiration. For the thickness 
of the muscle, a baseline was determined between the cervical 
spine 4 and 5, and then 3 lines were drawn at 0.5 cm intervals 
to measure the length, and the average value of 6 lines for 2 im-
ages was used. The deep neck flexor muscle thickness was mea-
sured by NIH Image J ver. 1.47 (Sun Microsystems Inc., Staple-
ton, NY, USA) (Fig. 1).

Craniovertebral Angle
To measure CVA, the examiner asked the child to remain in a 
sitting position and stare straight ahead. We installed and re-
corded Galaxy Tab S3 (Samsung, Seoul, Korea) at 3-m distance 
and a 0.7-m height on the right side of the child to measure the 
CVA according to each segment. CVA was measured when 
supporting 5 segments of the spine: thoracic spine 3 (T3), T7, 
T11, lumbar spine 3 (L3), sacral spine (S1). Eight small round 
stickers (2 cm×2 cm×2 cm) were attached to C7, T3, T7, T11, 
L3, S1, ear tragus, temporal lobe sulcus to accurately track the 
vertebral segment and CVA. CVA measured the angle formed 
by the horizontal line passing through the spinous process of 
C7 and the line connecting C7 and ear tragus [25]. The angle 
was measured according to the segment using the Dartfish soft-
ware program (Dartfish 7, Lausanne, Switzerland). The reliabil-
ity for the CVA is 0.88 [25].

Static Balance
To measure the static balance in the sitting position, center of 
pressure information for the X and Y axes was collected using a 
Wii Balance Board (Nintendo, Kyoto, Japan). The collected data 
were measured for path length, path velocity and path area us-
ing Balancia software version 2.0 (Minto Systems, Seoul, Ko-
rea). Participants were seated on a Wii balance board at the 
height of the feet not touching the floor, with their arms relaxed 
and gazing straight ahead. They kept their eyes open for 20 sec-
onds and were measured twice and the average value was used.

Date Analysis
IBM SPSS version 21.0 (IBM Corp., Armonk, NY, USA) was 
used for statistical analysis. Shapiro-Wilks test was performed 
to test the normality of variables. We used the independent t-
test for differences between groups and the paired t-test for dif-
ference within group. All levels of statistical significance (α) 
were set to 0.05.

RESULTS

Comparison of Deep Neck Flexor Muscle Thickness
In the experimental and control group, there was a significant 
difference within group (P<0.05) (Table 1).

Comparison of CVA
T7, T11, L3, and S1 were significantly different between the 
groups in postintervention (P <0.05). In the experimental 

Fig. 1. Ultrasonography imaging of the deep neck flexor muscle 
in children with hypotonia. The deep neck flexor muscle thick-
ness was measured in a sitting position with the back as straight 
as possible. A baseline was established between cervical vertebra 
4 and 5, and 3 lines were drawn at 0.5-cm intervals to measure 
the length.
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group, there was a significant difference within the group in T7, 
T11, L3, and S1 (P<0.05). The change (post-pre) in T11, L3, 
and S1 was significantly different between the groups (P<0.05) 
(Table 2).

Comparison of Static Balance in Sitting Position
In the experimental and control group, there was a significant 
difference within group (P<0.05) (Table 3).

DISCUSSION

Children with hypotonia show delayed motor development [6]. 
The Vojta approach allows the body to be erected and postural 
control through tonic muscle contraction of the neck, trunk, 
and limbs [4].

In this study, the thickness of the deep neck flexor muscle 

and the CVA were increased in the Vojta approach group. Low 
muscle tone of the trunk in children with hypotonia increases 
the bending of the lumbar spine in the sitting position and af-
fects the kyphosis of the thoracic spine [6]. This leads to postur-
al misalignment, which causes FHP and ultimately reduces 
quality of life [9,19]. The FHP reduces the CVA in the sitting 
position and causes deep neck flexor muscle weakness [26]. 
The deep neck flexor muscle is interconnected with the deep 
muscles of the spine located below the cervical spine, and the 
instability of the vertebral segment eventually affects the insta-
bility of the cervical spine [27]. Ishida et al. [26] reported a cor-
relation between deep neck flexor muscle and CVA in healthy 
people, as the FHP does not use the deep neck flexor muscle in 
a sitting position, resulting in a smaller thickness of the deep 
neck flexor muscle. Falla et al. [14] reported that craniocervical 
training improved the upright posture of the cervical spine 

Table 1. Comparison of deep neck flexor muscle thickness (cm)

Experimental Control

Pre Post Post-pre Pre Post Post-pre

0.45±0.10† 0.54±0.50* 0.09±0.11 0.53±0.10 0.56±0.06* 0.03±0.06

Values are presented as mean±standard deviation.
*P<0.05, significant difference within group. †P<0.05, significant difference from control.

Table 3. Comparison of static balance in sitting position

Variable
Experimental Control

Pre Post Post-pre Pre Post Post-pre

Path velocity (cm/sec) 12.98±5.52 11.87±3.31 -1.10±2.40 11.07±5.62 10.13±3.66 -0.93±2.52

Path length (cm) 25.08±10.12 24.32±7.31 -0.75±3.62 22.60±7.27 21.19±6.75 -1.21±7.34

Path area (cm2) 12.25±5.16 8.57±2.17* -3.67±4.91 12.07±4.82 9.44±4.13* -2.63±4.00

Values are presented as mean±standard deviation.
*P<0.05, significant difference within group. 

Table 2. Comparison of CVA in sitting position (˚)

Variable
Experimental Control

Pre Post Post-pre Pre Post Post-pre

T3 36.57±8.66 37.57±9.23 1.00±8.66 34.28±5.85 35.03±5.40 0.74±4.76

T7 39.30±7.27 43.77±3.78*,† 4.47±5.81 37.07±3.99 39.26±5.12* 2.18±2.07

T11 42.26±4.11 46.68±5.81*,† 4.42±3.06† 40.45±5.09 40.17±4.83 -0.28±3.18

L3 39.98±5.45 43.57±4.87*,† 3.45±9.42† 40.04±3.67 37.96±5.66 -2.18±6.49

S1 38.63±4.54 42.27±5.51*,† 3.63± 4.66† 37.12±2.35 36.83±5.30 -0.28±6.18

Values are presented as mean±standard deviation.
CVA, craniovertebral angle; T3, thoracic spine 3; T7, thoracic spine 7; T11, thoracic spine 11; L3, lumbar spine 3; S1, sacral spine 1.
*P<0.05, significant difference within group. †P<0.05, significant difference from control.
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when craniocervical training and endurance strength training 
of deep neck flexion muscles were applied to patients with 
chronic neck pain. This is a result of a direct improvement of 
the deep neck flexors of the cervical spine, and inadequate con-
trol of the head was functionally related to deep cervical muscle 
damage. Kang et al. [28] found that when scapular stabilization 
exercise was applied to FHP patients, SCM activity decreased 
and CVA increased. This increased the activation of muscles 
scapular around the scapula, which affected the entire upper 
body and improved the round shoulder and spine alignment. 
Previous studies show that when the deep neck flexor muscle 
thickens, CVA increases, and the posture of the spine also af-
fects neck alignment. In this study, it is thought that deep neck 
flexor muscle stimulation and spinal extension through reflex 
creeping of the Vojta approach activated deep spinal muscles. 
In addition, it is thought that the increase in the thickness of the 
deep neck flexor muscle improved the CVA by increasing the 
stability of the spine. The CVA was improved when supporting 
all vertebral segments except T3 in the experimental group, and 
these results suggest that stimulation of the deep spinal muscles 
also affects the posture of the cervical spine.

The misalignment of the body makes it difficult to control 
the head and trunk in a sitting or standing position and causes 
problems with balance and postural control [29]. Children with 
hypotonia have decreased flexibility due to hypotonia and lack 
of motivation, resulting in increased postural sway than typical 
developmental children [30]. Therefore, reduction of postural 
sway in children with hypotonia can be the goal of intervention. 
Shin et al. [15] reported that the static balance improved when 
a neck and trunk stabilization exercise was applied to children 
with spastic CP. This is a result of the improvement of trunk 
and neck muscle strength, they mentioned that the balance was 
improved by integrating sensory information in the central 
nervous system to perform movement. Park et al. [31] reported 
that when postural control training in a sitting position using 
virtual reality for children with spasticity, balance ability im-
proved in the sitting position. In this study, path area among 
the static balance was improved in the Vojta approach group. 
These results suggest that the tonic muscle contraction through 
the Vojta approach improved afferent information of the neck, 
affecting neck stability and static balance. However, the path ve-
locity and path length were not significantly different from 
those of the general physical therapy group, which is thought to 
be due to the role of visual information monitoring the body 
position when looking straight ahead to maintain a sitting pos-

ture and the short duration of intervention.
Summarizing the results of this study, the vertebral muscles 

strengthened through the Vojta approach influenced the in-
crease in the thickness of the deep neck flexors, thereby im-
proving the stability of the neck, which increased CVA. In addi-
tion, the improvement of afferent information through neck 
stability influenced the static balance. Therefore, the Vojta ap-
proach can be suggested as an effective intervention for im-
proving neck stability and balance in children with hypotonia. 
The limitation of this study is that it is difficult to generalize the 
contents because the number of participants is small and the 
intervention period is short. In addition to experimental inter-
ventions, participants had difficulty controlling variables in 
their daily lives. Therefore, future research should be conducted 
to supplement these limitations.
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