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Abstract: Background/Objectives: The main objective of this research was to compare the Bobath
concept and conventional medical gymnastics in psycho-social and cognitive habilitation of infants
with mild neurodevelopmental delay, and determine whether there is a difference in their effective-
ness. Methods: The study included 100 children up to 3 months of age who were diagnosed with
a mild neuromotor disorder based on clinical examination, the Miinich Functional Developmental
Diagnostic Test for the first year of life, and the Ages and Stages questionnaire. The respondents were
randomized into two groups, habilitated according to the Bobath concept or conventional medical
gymnastics. The observed parameters were problem-solving skills, communication skills, and the
infants” psycho-social status. Results: The Ages and Stages questionnaire revealed no significant
differences between the two concepts. The Munich Diagnostic Test revealed different starting values
in speech and socialization delay, but the treatment outcomes showed significant improvement in
both cohorts. There were also no significant differences in the guardians” opinions on therapeutic
effectiveness. Conclusions: This study demonstrated that there is no difference in effectiveness
between the two tested habilitation programs in mild neurodevelopmental delay treatment in infants
after six months of therapy, laying the foundation for a professional consensus.

Keywords: neurodevelopmental disorder; habilitation; Bobath therapy; conventional medical
gymnastics

1. Introduction

Neurodevelopment encompasses the development of motor skills, speech, behavioral
patterns, learning, and communication. It begins in the embryonic stage and intensely
progresses during the entire intrauterine period, as well as the first twelve months of
postnatal life [1]. Neurodevelopment is influenced by many factors, from the expression
of certain genes to environmental variables. Interaction between these factors is key for
proper development, and any variance can potentially lead to noticeable deviations [2].
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A deviation in the neurodevelopmental process can be classified as mild or severe [3,4].
Severe deviations include specific pathologies such as epilepsy, cerebral palsy, visual and
auditory impairment, and mental retardation. On the other hand, mild disorders include
delays in gross and fine motor skills, motor clumsiness, and cognitive, emotional, and
psycho-social development abnormalities.

This study encompasses the two most commonly used habilitation concepts in the
context of neuromotor developmental impairment: conventional medical gymnastics and
the Bobath method. A habilitation concept refers to a therapeutic framework designed for
functional habilitation.

Conventional medical gymnastics involves exercises in which movements are carried
out without active participation from the child, implying passive exercises in which the
movement is facilitated by the therapist. The main aim of conventional medical gymnastics
is the improvement in the motility, endurance, strength, and flexibility of certain muscles
or muscle groups, as well as posture improvement [5]. Conventional medical gymnastics is
an older habilitation concept that has been proven to be effective in children with different
neurodevelopmental disorders. Examples of such conditions include cerebral palsy and
perinatal lesions of the central nervous system [6-8].

Bobath therapy is a newer concept based on motor plasticity and functional learning.
This implies an individual and interactive approach focusing on motor function quality,
unlike conventional methods focusing on quantitative measures. Today, it is one of the
most frequently used neurohabilitation concepts [9]. It is based on learning by integrating
sensory and motor signals, with facilitation as its key aspect. By correctly performing
certain movements, sensory input is provided, which leads to better motor control as the
brain learns based on these inputs [10-12]. Much like conventional medical gymnastics,
the Bobath concept has also been proven to be effective in different clinical scenarios but
predominantly in the case of cerebral palsy [13-15]. While the Bobath concept is a more
expensive therapeutic approach, cost-effectiveness analyses have shown positive results.
Geng et al. analyzed the cost-effectiveness of Bobath vs. traditional rehabilitation in post-
stroke syndrome and concluded that Bobath was more cost-effective [16]. Additionally, a
systematic review by Diaz-Arribas MJ et al. investigated the effectiveness of Bobath therapy
in post-stroke rehabilitation [17]. While no significant superiority was noted regarding
the mobility or motor control of the lower limb, evidence was found for superior results
regarding upper limb motor control and dexterity. On the other hand, Dorsch S. et al.
provided an opposing view in their systematic review [18].

While previous studies have investigated these concepts individually, a direct com-
parison of the effectiveness of the two concepts on this population and pathology has
never been published in the literature. The aim of this study was to compare the two most
commonly used therapeutic methods, conventional medical gymnastics and the Bobath
concept, and determine whether there is a statistical difference in the outcomes between
the two regarding psycho-social, emotional, and cognitive development. Secondly, this
study aimed to demonstrate the importance of early abnormality detection and prompt
intervention. Our first hypothesis was that the Bobath treatment would result in statistically
significant improvements in the measured outcomes in our cohort. Our second hypothesis
was that the conventional medical gymnastics treatment would result in statistically signifi-
cant improvements in the measured outcomes in our cohort. Finally, our third hypothesis
was that no statistically significant difference in effectiveness would exist between these
two concepts.

2. Materials and Methods
2.1. Participants and Study Design

By design, this was a double-blinded prospective cohort study in which the legal
guardian, evaluator, and statistician were unaware of the distribution of children among
groups. The study included 100 children up to three months of age and of Caucasian
ethnicity who had demonstrated certain deviations in their neuromotor development. The
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inclusion criteria were neurodevelopmental deviation of normal age-specific development
diagnosed by a physiatrist, abnormal brain ultrasound findings, and positive risk factors.
Risk factors included advanced maternal age, hypothyroidism, gestational diabetes, multi-
ples pregnancy, placenta previa, [IUGR, EPH gestosis, IVF-based conception, infections, Rh
incompatibility, premature birth, C-section, encephalopathy in the early neonatal period,
postnatal episodes of apnea or convulsions, and positive family history for neurological
conditions. The exclusion criteria were any previous enrolments in a habilitation program
and an age greater than three months. The children were randomly assigned to either
the Bobath or conventional gymnastics group, creating two cohorts with 50 children in
each (Figure 1).

l Inclusion criteria met

Children up to 3-months with
mild neurodevelopmental
delay (n=100)

Randomization

gymnastics cohort (n=50)

Conventional medical J: *—L Bobath cohort (n=50)

v v

( 1st examination (3 months of age, 0 months of therapy) J

3 MONTHS OF THERAPY

v v

( 2nd examination (6 months of age, 3 months of therapy) ]

3 MONTHS OF THERAPY

v v

( 3rd examination (9 months of age, 6 months of therapy) J

v v

( Activity log collection and final statistical analysis J

Figure 1. Study flow chart demonstrating the selection and treatment process of involved patients.
After randomization, the selected patients were subject to three examination checkpoints: initially,
after three months of therapy, and after six months of therapy (created with Biorender.com).

2.2. Measures and Procedures

Assessment of neuromotor development was conducted by clinical examination per-
formed by a specialist physiatrist, as well as using the Munich Functional Developmental
Diagnostic Scale, Ages and Stages questionnaire, and multiple questionnaires filled out by
the child’s legal guardian. Children who met the inclusion criteria were examined at the
beginning of the study, at the age of three months, and at the age of six months; after three
months of therapy, the first assessment was conducted, which included a clinical examina-
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tion and the first questionnaire review. After completion of the study, the final assessment
of the observed parameters occurred at nine months of age. Multiple questionnaires
for keeping track of sessions were analyzed after 3 months of therapy and at the end of
the study.

2.3. Intervention

Both groups had one hour per week of habilitation therapy sessions and speech
therapy and educational rehabilitation therapy twice per month. It was recommended to
exercise with the legal guardian every day for 2 h, divided into several sessions depending
on the child’s daily activities. Prior to including the child in the study, the assigned therapist
taught the guardian how to properly perform the exercises. Consistency in performing
domicile therapy was achieved by daily phone reminders from the therapist, with the aim
of reminding the guardians to perform the exercises and answering any potential questions.

2.4. Statistical Analysis

Statistical analysis included descriptive statistics and comparative statistics between
the two cohorts. The normality of the data was assessed by the Kolmogorov-Smirnov test.
Distribution differences for non-normal continuous variables were tested using the Mann-—
Whitney U test, Wilcoxon signed-rank test, and Friedman test. Fisher’s exact test was
used to analyze categorical variables. A p-value less than 0.05 was considered statistically
significant. The analyses were completed using the MedCalc Statistical Software (v20.112).

3. Results

The initial analysis of the comorbidities and risk factors showed no significant differ-
ences between the conventional medical gymnastics and Bobath cohorts (Table 1).

Table 1. Comparison of characteristics between Bobath and conventional medical gymnastics groups.

BOBATH THERAPY (n = 50) CONVENTIONAL THERAPY (1 = 50)

CATEGORY p-Value *
N % N %

Male 25 50.0% 26 52.0%

SEX Female 25 50.0% 24 48.0% 0.841
4 0 0.0% 1 2.0%

. 5 1 2.0% 1 2.0%

APGAR 1st min 9 7 14.0% 10 20.0% 0.714
10 ) 84.0% 38 76.0%
0 19 38.0% 17 34.0%
1 23 46.0% 26 52.0%

NUMBER OF RISK FACTORS ) p 0 5 00 0.939
3 2 40% 2 40%
No 41 82.0% 2 84.0%

TWIN Yes 9 18.0% 8 16.0% >0.999
No 48 96.0% 48 96.0%

PREMATURE Yes 2 4.0% 2 4.0% >0.999
No 33 66.0% 35 70.0%

HYPOTHYROIDISM Yes 17 34.0% 15 30.0% 0.830
No 44 88.0% 0 84.0%

GESTATIONAL DIABETES e . o g 600 0.774

INTRAUTERINE No 46 92.0% 44 88.0% 07a1

GROWTH RESTRICTION Yes 4 8.0% 6 12.0% :
No 49 98.0% 49 98.0%

HASHIMOTO DISEASE Yo . o ) s 50.999
No 49 98.0% 50 100.0%

COLESTASIS Yo ) oo 0 0.0% 50.999

HYPERTENSION No 48 96.0% 48 96.0% >0.999

Yes 2 4.0% 2 4.0%
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Table 1. Cont.

BOBATH THERAPY (1 = 50) CONVENTIONAL THERAPY (1 = 50)
CATEGORY p-Value *
N % N %
REANIMATION \1\{2(; (5)0 (1)%[1‘/?0/ ’ ‘119 38600/:/ ° >0.999
PLACENTA PREVIA \1\{2 N go é%?,fo/ ° ‘119 2800/ ’ >0.999
Vaginal 33 66.0% 27 54.0%
MODE OF BIRTH C-section 17 34.0% 23 46.0% 0.307
BRAIN ULTRASOUND 1st degree 42 84.0% 38 76.0% 0.454
FINDINGS 2nd degree 8 16.0% 12 24.0% ’
Median Q1 Q3 Median Q1 Q3 p-value **
AGE OF MOTHER (years) 32.00 28.00 36.00 33.00 28.00 36.00 0.658
BIRTH WEIGHT (kg) 3.270 2.673 3.483 3.020 2.403 3.343 0.072
BIRTH LENGTH (cm) 48.00 45.75 50.00 47.00 44.00 49.25 0.420
GESTATIONAL AGE (days) 273.00 260.75 280.00 266.50 257.75 280.00 0.491
AGE OF INCLUSION (days) 100.00 92.75 112.00 105.50 96.75 119.75 0.073
* Fisher’s exact test; ** Mann-Whitney U test.
The neurodevelopmental status of the children was assessed at three, six, and nine
months of age at three levels: communication skills, problem-solving skills, and psycho-
social status (Table 2).
Table 2. Comparison of communication skills, problem-solving skills, and psycho-social status
dynamics (Ages and Stages questionnaire).
BOBATH THERAPY (n = 50) CONVENTIONAL THERAPY (1 = 50)
CATEGORY (AGE) p-Value *
Nos (%) Nmon (%) Nnos (%) Nos (%) Nmon (%)  Nnos (%)
COMMUNICATION SKILLS
(3 MONTHS) 0.0 26.0 74.0 0.0 26.0 74.0 >0.999
COMMUNICATION SKILLS
(6 MONTHS) 1.0 80.0 6.0 18.0 70.0 12.0 0.437
COMMUNICATION SKILLS
(9 MONTHS) 76.0 249 0.0 78.0 22.0 0.0 >0.999
PROBLEM-SOLVING SKILLS
(3 MONTHS) 2.0 26.9 72.0 0.0 28.0 72.0 >0.999
PROBLEM-SOLVING SKILLS
(6 MONTHS) 18.0 76.0 6.0 20.0 74.0 6.0 >0.999
PROBLEM-SOLVING SKILLS
(9 MONTHS) 84.0 16.0 0.0 84.0 16.0 0.0 >0.999
PSYCHO-SOCIAL STATUS
(3 MONTHS) 2.0 34.0 64.0 4.0 32.0 64.0 >0.999
PSYCHO-SOCIAL STATUS
(6 MONTHS) 34.0 66.0 0.0 32.0 66.0 2.0 >0.999
PSYCHO-SOCIAL STATUS
(9 MONTHS) 92.0 8.0 0.0 92.0 8.0 0.0 >0.999

* Fisher’s exact test; Nxx (%)—percentage of participants per category; OS—on schedule; MON—monitor;
NOS—not on schedule.

There was no statistically significant difference noted between the groups in any of
the observed categories at any of the points of assessment.
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The legal guardians were asked to evaluate their child’s developmental improvement
using our questionnaire. The answers and results were compared between the groups
(Table 3). The first question focused on improving psycho-social interactions, and the sec-
ond question assessed the guardians’ opinions regarding the reasons for the improvement
if an improvement was present.

Table 3. Subjective evaluation of progress in social contact and interactions via questionnaire filled

out by legal guardians.
BOBATH CONVENTIONAL
QUESTION ANSWERS THERAPY (1=50) ~ THERAPY (z = 50) p-Value *
N N (%) N N (%)
IS THERE A NOTICEABLE (a) Yes 47 94.0 47 94.0
IMPROVEMENT IN SOCIAL CONTACT (b) No >0.999
AND INTERACTIONS? 3 6.0 3 6.0
(a) Yes, I attribute it to daily
IF THERE IS A NOTICEABLE therapeutic sessions 28 59-6 4 574
IMPROVEMENT, WOULD YOU (b) No, I would attribute it to >0.999
ATTRIBUTE IT TO THE THERAPY? my child’s course 19 40.4 20 42.6
of development
* Fisher’s exact test; N—absolute number of participants per category; N (%)—percentage of participants
per category.

No statistically significant difference was noted between the groups regarding any of
the questions.

The participants’ activity logs were analyzed to gain better insight into the characteris-
tics of the daily domicile sessions (Table 4). The observed parameters were the number of
days exercised, the number of weekend days exercised, the length of a single series, the
number of series per day, and the number of days to the first noticeable improvement.
Table 4. Comparison of activity log characteristics.

BOBATH THERAPY (n = 50) CONVENTIONAL THERAPY (n = 50)
CATEGORY " n p-Value *
Median Q1 Q3 Median Q1 Q3
NUMBER OF DAYS EXERCISED 159.00 140.00 170.00 166.50 155.75 175.50 0.012
NUMBER OF WEEKEND
DAYS EXERCISED 39.50 32.00 45.25 41.50 36.75 46.00 0.148
LENGTH OF SINGLE
SESSION (min) 30.00 30.00 35.00 30.00 30.00 31.25 0.422
NUMBER OF DAILY SESSIONS 3.00 3.00 4.00 3.00 3.00 4.00 0.755
NUMBER OF DAYS TO FIRST 30.00 20.00 45.00 30.00 25.00 45.00 0.447

NOTICEABLE IMPROVEMENT

* Mann-Whitney U test, 0.0xx—statistically significant p-value.

A statistically significant difference was noted in the total number of days exercised
(p = 0.012) (Figure 2).

A box plot analysis of the distributions regarding the total exercise days showed higher
values in the conventional medical gymnastics group. The other variables analyzed from
the activity logs showed no statistically significant differences.

Finally, the results of the Munich Functional Developmental Diagnostic Scale were
analyzed. The observed categories included perception age delay, speech age delay, and
socialization age delay. The values in the table represent the number of days the child
deviated in achieving a milestone from the expected time of achievement for the age-specific
milestone. Initially, the improvement in delay was assessed for both cohorts in each of the
observed categories (Table 5).
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80 140 200

Figure 2. Comparison of total exercise days showing a significantly greater number of exercise days
in the conventional medical gymnastics cohort (p = 0.012) (created with Biorender.com).

Table 5. Longitudinal comparison of Munich Functional Developmental Diagnostic Scale results
between examinations at 3 months, 6 months, and 9 months of age.

BOBATH THERAPY CONVENTIONAL THERAPY
CATEGORY
Test Value * p-Value * Test Value * p-Value *
PERCEPTION AGE DELAY 100.000 <0.001 100.000 <0.001
SPEECH AGE DELAY 100.000 <0.001 100.000 <0.001
SOCIALIZATION AGE DELAY 99.508 <0.001 100.000 <0.001
* Friedman test, 0.0xx—statistically significant p-value.
A significant improvement was observed in both cohorts between all three evaluation
stages in all three observed categories (Figure 3).
Additionally, a statistical comparison of the scores was conducted between each of the
three time points to provide a more detailed analysis of the improvement trend (Table 6).
Table 6. Longitudinal comparison of Munich Functional Developmental Diagnostic Scale results
between examinations at 3 and 6 months, 6 and 9 months, and 3 and 9 months of age.
BOBATH THERAPY CONVENTIONAL THERAPY
CATEGORY . .
Comparison p-Value * Comparison p-Value *
3 months vs. 6 months <0.001 3 months vs. 6 months <0.001
PERCEPTION AGE 6 months vs. 9 months <0.001 6 months vs. 9 months <0.001
DELAY (days)
3 months vs. 9 months <0.001 3 months vs. 9 months <0.001
3 months vs. 6 months <0.001 3 months vs. 6 months <0.001
SPEECH AGE 6 months vs. 9 months <0.001 6 months vs. 9 months <0.001
DELAY (days)
3 months vs. 9 months <0.001 3 months vs. 9 months <0.001
3 months vs. 6 months <0.001 3 months vs. 6 months <0.001
SOCIALIZATION AGE 6 months vs. 9 months <0.001 6 months vs. 9 months <0.001
DELAY (days)
3 months vs. 9 months <0.001 3 months vs. 9 months <0.001

* Wilcoxon signed-rank test, 0.0xx—statistically significant p-value.

Significant differences were noted between each of the three time points in all three
categories in both cohorts (p < 0.001).

Secondly;, a statistical comparison was conducted between the two groups to assess
any differences between the two cohorts at each stage of the study (Table 7).
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Figure 3. Comparison of (a) perception age delay, (b) speech age delay, and (c) socialization age delay
trends at 3 months (blue), 6 months (orange), and 9 months (grey) of age. Both cohorts demonstrated

significant improvement trends, as shown by the Friedman test (p < 0.001) and Wilcoxon signed-rank
test (p < 0.001).

Statistically significant differences were noted in the speech age delay at the initial

examination (p = 0.002) and after three months of therapy (p = 0.030). The conventional
medical gymnastics group had greater deviations initially and after 3 months of therapy.
Additionally, statistically significant differences were noted regarding the socialization
age delay at the initial examination (p = 0.019) and after six months of therapy (p = 0.042).
The conventional medical gymnastics cohort had greater deviations initially and after six
months of therapy.
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Table 7. Cross-sectional comparison of Munich Functional Developmental Diagnostic Scale results
between cohorts.

BOBATH THERAPY (n = 50) CONVENTIONAL THERAPY (n = 50)

CATEGORY AGE p-Value *
Median Q1 Q3 Median Q1 Q3
3 MONTHS 20.50 17.00 22.00 22.00 17.75 24.00 0.111
PERCEPTION AGE
DELAY (days) 6 MONTHS 14.00 11.00 15.25 14.00 11.75 16.00 0.289
9 MONTHS 6.00 4.00 7.00 6.50 5.00 8.00 0.201
3 MONTHS 19.50 17.00 21.00 22.00 18.50 24.00 0.002
SPEECH AGE
DELAY (days) 6 MONTHS 11.00 9.75 15.00 13.50 10.75 15.25 0.030
9 MONTHS 4.50 2.75 6.00 5.00 2.00 7.25 0.440
3 MONTHS 19.00 17.00 22.00 22.00 19.50 24.25 0.019
SOCTALIZATION
AGE DELAY (days) 6 MONTHS 11.00 8.75 14.25 12.00 10.00 16.00 0.152
9 MONTHS 3.00 1.00 6.00 5.00 2.00 6.25 0.042

* Mann-Whitney U test; Q1—1st quartile; Q3—3rd quartile; 0.0xx—statistically significant p-value.

4. Discussion

One-hundred children, up to three months of age, were randomly assigned to the
Bobath and conventional gymnastics groups, which both showed significant improvements
in all the observed variables. Studies analyzing the effectiveness of these concepts alone
have demonstrated significant improvements in motor skills in children with cerebral palsy
following the Bobath method, as well as in children with Down syndrome following the
conventional method [19,20]. In our study, similar trends were observed regarding commu-
nication skills, problem-solving abilities, and psycho-social status. However, no literature
has been published regarding these categories when it comes to comparisons between the
Bobath and conventional medical gymnastics concepts. In our study, the results measured
by the Ages and Stages questionnaire showed no statistically significant differences initially,
after three months, or after six months of therapy. There was also no statistically significant
difference regarding the guardians’ opinions on therapy effectiveness. The activity log
showed a significant difference regarding the distribution of total exercise days. Finally, the
results of the Munich Functional Developmental Diagnostic Scale showed a statistically
significant difference when analyzing speech age delay and socialization age delay initially,
speech age delay after three months of therapy, and socialization age delay after 6 months
of therapy.

The subjective evaluation of therapy effectiveness was based on questionnaires re-
porting noticeable improvements in developmental patterns. The majority of the legal
guardians of the children in both groups answered that there was a noticeable positive
change in social contact and interactions. Once again, there were no statistically significant
differences in subjective perception regarding the effectiveness of the two methods (Ta-
ble 2). Additionally, the guardians noted after how many days they noticed the first signs
of improvement. The median for both groups was 30 days, and there was no statistically
significant difference (Table 3). The statistical analysis of the activity logs demonstrated a
statistically significant difference in total exercise days between the groups, with the Bobath
group having fewer than the conventional gymnastics group. Even though the therapeutic
effect achieved in both groups was equally effective, the number of days required to achieve
the maximum effect differed between the Bobath group and medical gymnastics group (the
effect was achieved statistically significantly faster with Bobath therapy).

The statistical analysis of the Munich Functional Developmental Diagnostics Scale
results demonstrated strong therapeutic effectiveness. The longitudinal comparison of
effectiveness showed statistically significant improvement trends for both cohorts. When
comparing the developmental deviations in the cohorts at each stage cross-sectionally,
significant differences were noted in the categories of speech age deviation and socialization
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age deviation. In the speech age deviation category, the conventional gymnastics group
had greater initial deviation values. While this discrepancy persisted after the first three
months of therapy, there was no significant difference between the groups at the end of the
study. In the socialization age deviation category, the conventional gymnastics group once
again had greater initial deviation values. This was the only category in which a statistically
significant difference was noted at the end of the study, after six months of therapy.

The results of this study confirm that there is no statistically significant difference
between the effectiveness of the conventional medical gymnastics concept and Bobath
concept. According to the Ages and Stages questionnaire, both conventional medical
gymnastics and Bobath therapy achieved deviation correction after six months of therapy.
The instructed course of exercises for domicile therapy, which entailed three daily exercises
of 3045 min, proved to be effective and led to the normalization of psycho-social and
cognitive status, as well as problem-solving abilities after six months of therapy. The
strength of this research lies in the fact that these two habilitation concepts have never
previously been compared regarding a cohort of children with mild developmental delay.
However, other research related to these concepts has been published.

Zanon MA et al. compared the effectiveness of these two concepts on a subpopulation
of children with cerebral palsy up to 18 years of age [15]. The observed outcome was
an improvement in muscle strength, and the statistical analysis showed no difference
between the two approaches, with no analysis of psycho-social, cognitive, and emotional
development. Umber F et al. compared two cohorts, one that was treated via a combination
of the Bobath and conventional medical gymnastics and one that was treated solely via the
conventional method [21]. The Functional Independence Measurement Scale was used to
assess the improvement of the children. The authors concluded that the addition of the
Bobath method had no significant impact on the treatment outcome. However, the study by
Jamil M et al. noted a certain superiority of the Bobath method [22]. Some studies analyzed
the effectiveness of a combined approach of Bobath and Vojta concepts. Ungureanu A
et al. assessed this approach regarding a cohort of children with cerebral palsy [23]. As
shown by the Berg scale score improvements the authors used as an outcome measure, the
combination of the two approaches was shown to be useful. Parau D et al. also used a
combined approach with Bobath and Vojta concepts for the treatment of infants with motor
development impairment [24]. The results demonstrated that the combined approach
with these two concepts shortens improvement time when compared to the individual
approaches. The sole Bobath approach was also tested on a cerebral palsy cohort in a study
by Salatenko I et al. [25]. Once again, the result demonstrated that Bobath therapy is an
effective method in cerebral palsy habilitation. Bukhovets BO and Romanchuk AP assessed
the effectiveness of Bobath therapy in the correction of psychomotor development in
children with injuries of the central nervous system [26]. The results demonstrated that the
Bobath concept has utility in these cases as well. Some studies have explored task-specific
training approaches in habilitative therapy in children with neurodevelopmental delay. One
such example is locomotor treadmill training, which was analyzed in a study by Valentin-
Gudiol et al. [27]. Following an extensive review, the authors found evidence that this
method is also effective in subpopulations such as Down syndrome, cerebral palsy, as well
as in general developmental delay. Our study also demonstrated the Bobath concept as an
effective therapeutic option, in our case in infants with mild neurodevelopmental delay. The
effectiveness of Bobath demonstrated in this study is in line with the published literature.
However, the fact that no statistically significant difference was found between conventional
medical gymnastics and Bobath suggests that conventional medical gymnastics is also
worth considering as a strong therapeutic option.

The relevance of habilitation concept research in the infant population is highlighted
by the frequency of neurodevelopmental disorders in infants. Namazzi et al. conducted a
population-based study to investigate the prevalence and associated factors of neurodevel-
opmental disorders among infants [28]. In the investigated cohort of infants, the authors
found that 12.7% displayed a certain neurodevelopmental deviation, while the main as-
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sociated factors were multiparous pregnancy, failure to cry at birth, and post-neonatal
complications. Additionally, Sanchez CE et al. demonstrated pre-pregnancy obesity of
the mother as a contributing factor to neurodevelopmental deviations in the child. Con-
sidering the increasing prevalence of obesity among the general population and women
of childbearing age, this presents another potential cause of the increased incidence of
neurodevelopmental disorders [29].

The main limitation of this study is the fact that both conventional medical gymnastics
and Bobath treatments were carried out by the children’s legal guardians. This leaves
little room for control over the quality of the treatment performed, as well as whether the
guardians are adhering to the prescribed protocol. This was controlled to the best of our
ability with thorough education and daily reminders. All the other variables were strictly
controlled and taken into account in the analysis. Another limitation of our study is the
sample size. Conducting further research with a larger sample size would enhance the
confidence in our findings, which were derived from a relatively small group of study
participants. This limitation could be addressed by expanding the sample size, which
would strengthen the validity of our conclusions. Finally, each of the evaluated concepts
has its own limitations that should be addressed. For example, a meta-analysis by Te
Velde A et al. demonstrated little evidence for the effectiveness of the Bobath concept
in children with cerebral palsy [30]. Moreover, the authors demonstrated that a higher
regimen of Bobath therapy is no more effective than a lower regimen. Similarly, Das SP
and Ganesh GS mentioned the inconsistent effectiveness of physiotherapy in the cerebral
palsy subpopulation [31].

5. Conclusions

In conclusion, the results of this study demonstrated no significant differences in
effectiveness between the conventional medical gymnastics and Bobath concepts in psycho-
social and cognitive status improvement in 3-month-old children with mild neurodevel-
opmental disorders. Under the assumption of timely treatment initiation, this suggests
that the more dated and economically advantageous conventional medical gymnastics con-
cept can lead to equally beneficial outcomes as the Bobath method. These findings might
lay the foundation for building a consensus in habilitation concepts among physiatrists,
leading to economically advantageous treatments and greater accessibility. Additionally, it
emphasizes the importance of the early initiation of habilitation therapy.

Author Contributions: Conceptualization, Z.D.K. and D.P,; methodology, Z.D.K.; software, Z.D.K.
and PB.; validation, L.B., M.B. and E.B.; formal analysis, P.B. and L.B.; writing—original draft
preparation, Z.D.K,, L.B. and E.B.; writing—review and editing, P.B., M.B. and D.P; visualization, P.B.
and L.B.; supervision, Z.D.K. and D.P. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of Faculty of Kinesiology, University of Zagreb
(20 December 2016, 114/2016) and University Hospital Centre Sisters of Mercy, Zagreb (November
2018, EP-5818/18-7).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: All the research data are included in the manuscript.

Acknowledgments: We would like to acknowledge the International Society for Applied Biological
Sciences (ISABS) for its support.

Conflicts of Interest: The authors declare no conflicts of interest.



Biomedicines 2024, 12, 2767 12 of 13

References

1.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Pfefferbaum, A.; Mathalon, D.H.; Sullivan, E.V.; Rawles, ].M.; Zipursky, R.B.; Lim, K.O. A quantitative magnetic resonance
imaging study of changes in brain morphology from infancy to late adulthood. Arch. Neurol. 1994, 51, 874-887. [CrossRef]
[PubMed]

Johnson, M.H. Functional brain development in humans. Nat. Rev. Neurosci. 2001, 2, 475-483. [CrossRef] [PubMed]

Palmer, E.B. Strategies for the early diagnosis of cerebral palsy. J. Pediatr. 2004, 145 (Suppl. S2), S8-5S11. [CrossRef] [PubMed]
Himmelmann, K.; Hagberg, G.; Wiklund, L.M.; Eek, M.N.; Uvebrant, P. Dyskinetic cerebral palsy: A population-based study of
children born between 1991 and 1998. Dev. Med. Child Neurol. 2007, 49, 246-251. [CrossRef]

Rustemi, E.; Vasileva, D. Kinesitherapeutic approach in child cerebral palsy. Knowledge 2019, 32, 239-245. [CrossRef]
Avramova, M. Effectiveness of Specialized Kinesitherapy in Children with Spastic Hemiplegic Cerebral Palsy. J. IMAB 2021, 27,
3842-3846. [CrossRef]

Khan, M.A; Degtyareva, M.G.; Ivanova, LI.; Mikitchenko, N.A.; Smotrina, O.Y.; Shungarova, Z.K. Kinesitherapy methods in the
medical rehabilitation of children with perinatal lesion of the central nervous system. Russ. J. Physiother. Balneol. Rehabil. 2022, 21,
73-80. [CrossRef]

Ibragimova, M.S.; Burkhanova, G.L. Using kinesitherapy in the rehabilitation program of children with cerebral palsy. EPRA Int.
J. Res. Dev. 2023, 8, 274-276. [CrossRef]

Raine, S. Defining the Bobath concept using the Delphi technique. Physiother. Res. Int. 2006, 11, 4-13. [CrossRef]

Brock, K.; Jennings, K.; Stevens, J.; Picard, S. The Bobath concept has changed. (Comment on Critically Appraised Paper,
Australian Journal of Physiotherapy 48: 59.). Aust. . Physiother. 2002, 48, 156-157. [CrossRef]

Graham, J.V,; Eustace, C.; Brock, K.; Swain, E.; Irwin-Carruthers, S. The Bobath concept in contemporary clinical practice. Top.
Stroke Rehabil. 2009, 16, 57-68. [CrossRef] [PubMed]

Klimont, L. Principles of Bobath neuro-developmental therapy in cerebral palsy. Ortop. Traumatol. Rehabil. 2001, 3, 527-530.
[PubMed]

Cabezas-Lépez, M.; Bernabéu-Brotons, E. The effects of Bobath therapy on children with cerebral palsy: A systematic review. Int.
J. Ther. Rehabil. 2022, 29, 1-11. [CrossRef]

Farjoun, N.; Mayston, M.; Lima Florencio, L.; Fernandez-De-Las-Pefas, C.; Domingo Palacios-Cefia, D. Essence of the Bobath
concept in the treatment of children with cerebral palsy. A qualitative study of the experience of Spanish therapists. Physiother.
Theory Pract. 2020, 38, 151-163. [CrossRef]

Zanon, M.A; Pacheco, R.L.; Latorraca, C.d.O.C.; Martimbianco, A.L.C.; Pachito, D.V,; Riera, R. Neurodevelopmental Treatment
(Bobath) for Children With Cerebral Palsy: A Systematic Review. ]. Child Neurol. 2019, 34, 679-686. [CrossRef]

Geng, R.; Zhang, J.; Lv, E; Sun, Q. Cost-effectiveness analysis of reformative Bobath rehabilitation versus traditional rehabilitation
in post-stroke syndrome. Int. |. Clin. Exp. Med. 2018, 11, 12246-12252.

Diaz-Arribas, M.].; Martin-Casas, P.; Cano-de-la-Cuerda, R.; Plaza-Manzano, G. Effectiveness of the Bobath concept in the
treatment of stroke: A systematic review. Disabil. Rehabil. 2020, 42, 1636-1649. [CrossRef]

Dorsch, S.; Carling, C.; Cao, Z.; Fanayan, E.; Graham, P.L.; McCluskey, A.; Schurr, K.; Scrivener, K.; Tyson, S. Bobath therapy is
inferior to task-specific training and not superior to other interventions in improving arm activity and arm strength outcomes
after stroke: A systematic review. |. Physiother. 2023, 69, 15-22. [CrossRef]

Knox, V.; Evans, A. Evaluation of the functional effects of a course of Bobath therapy in children with cerebral palsy: A preliminary
study. Dev. Med. Child Neurol. 2002, 44, 447—-460. [CrossRef]

Arslan, EN.; Dogan, D.G.; Canaloglu, S.K.; Baysal, S.G.; Buyukavci, R.; Buyukavci, M.A. Effects of early physical therapy on
motor development in children with Down syndrome. North. Clin. Istanb. 2022, 9, 156-161. [CrossRef]

Umber, E; Iljaz, G.J.; Sammer, L.; Ambreen, A. The effect of basic physiotherapy interventions along with bobath technique in
children with neuro developmental delay. Int. J. Eng. Sci. Math. 2014, 3, 33-50.

Jamil, M.; Shahid, Z.; Tjaz, M. Effectiveness of Bobath and conventional treatment in cerebral palsy children. Rawal Med. ]. 2020,
45,974-976.

Ungureanu, A.; Rusu, L.; Rusu, M.R.; Marin, M.I. Balance Rehabilitation Approach by Bobath and Vojta Methods in Cerebral
Palsy: A Pilot Study. Children 2022, 9, 1481. [CrossRef]

Parau, D.; Todoran, A.B.; Barcutean, L.; Avram, C.; Balasa, R. The Benefits of Combining Bobath and Vojta Therapies in Infants
with Motor Development Impairment—A Pilot Study. Medicina 2023, 59, 1883. [CrossRef]

Salatenko, I.; Kovalchuk, L.; Andrieieva, O.; Shankovskyi, A.; Lutskyi, V.; Kashuba, V.A.; Dolinsky, B.T.; Todorova, V.H.;
Bukhovets, B.O. Physical rehabilitation of children with cerebral palsy by Bobath-therapy method. Int. J. Appl. Exerc. Physiol.
2020, 9, 6-13.

Bukhovets, B.O.; Romanchuk, A.P. Bobath therapy in correction of psychomotor development of children with organic injuries
CNS. J. Health Sci. 2014, 4, 71-78.

Valentin-Gudiol, M.; Mattern-Baxter, K.; Girabent-Farrés, M.; Bagur-Calafat, C.; Hadders-Algra, M.; Angulo-Barroso, R.M.
Treadmill interventions in children under six years of age at risk of neuromotor delay. Cochrane Database Syst. Rev. 2017,
7,CD009242. [CrossRef]


https://doi.org/10.1001/archneur.1994.00540210046012
https://www.ncbi.nlm.nih.gov/pubmed/8080387
https://doi.org/10.1038/35081509
https://www.ncbi.nlm.nih.gov/pubmed/11433372
https://doi.org/10.1016/j.jpeds.2004.05.016
https://www.ncbi.nlm.nih.gov/pubmed/15292881
https://doi.org/10.1111/j.1469-8749.2007.00246.x
https://doi.org/10.35120/kij3202239r
https://doi.org/10.5272/jimab.2021273.3842
https://doi.org/10.17816/rjpbr107458
https://doi.org/10.36713/epra13382
https://doi.org/10.1002/pri.35
https://doi.org/10.1016/S0004-9514(14)60217-8
https://doi.org/10.1310/tsr1601-57
https://www.ncbi.nlm.nih.gov/pubmed/19443348
https://www.ncbi.nlm.nih.gov/pubmed/17984909
https://doi.org/10.12968/ijtr.2021.0089
https://doi.org/10.1080/09593985.2020.1725943
https://doi.org/10.1177/0883073819852237
https://doi.org/10.1080/09638288.2019.1590865
https://doi.org/10.1016/j.jphys.2022.11.008
https://doi.org/10.1111/j.1469-8749.2002.tb00306.x
https://doi.org/10.14744/nci.2020.90001
https://doi.org/10.3390/children9101481
https://doi.org/10.3390/medicina59101883
https://doi.org/10.1002/14651858.CD009242.pub3

Biomedicines 2024, 12, 2767 13 of 13

28.

29.

30.

31.

Namazzi, G.; Hildenwall, H.; Mubiri, P; Hanson, C.; Nalwadda, C.; Nampijja, M.; Kakooza-Mwesige, A.; Waiswa, P.; Tumwine,
J.K. Prevalence and associated factors of neurodevelopmental disability among infants in eastern Uganda: A population based
study. BMC Pediatr. 2019, 19, 379. [CrossRef]

Sanchez, C.E.; Barry, C.; Sabhlok, A.; Russell, K.; Majors, A.; Kollins, S.H.; Fuemmeler, B.F. Maternal pre-pregnancy obesity and
child neurodevelopmental outcomes: A meta-analysis. Obes. Rev. 2018, 19, 464—484. [CrossRef]

Te Velde, A.; Morgan, C.; Finch-Edmondson, M.; McNamara, L.; McNamara, M.; Paton, M.C.; Stanton, E.; Webb, A.; Badawi, N.;
Novak, I. Neurodevelopmental Therapy for Cerebral Palsy: A meta-analysis. Pediatrics 2022, 149, €2021055061. [CrossRef]

Das, S.P.; Ganesh, G.S. Evidence-based Approach to Physical Therapy in Cerebral Palsy. Indian ]. Orthop. 2019, 53, 20-34.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1186/s12887-019-1769-z
https://doi.org/10.1111/obr.12643
https://doi.org/10.1542/peds.2021-055061
https://doi.org/10.4103/ortho.IJOrtho_241_17

	Introduction 
	Materials and Methods 
	Participants and Study Design 
	Measures and Procedures 
	Intervention 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

