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Abstract
Background 
and Study Aim

Falls are one of the leading causes of injuries among children under the age of three, potentially 
leading to a reduced quality of life and various health consequences. Investigating the mechanisms 
of falls and their possible outcomes is a promising and crucial area for reducing childhood injury 
rates. The aim of this systematic review is to identify key patterns and factors associated with falls 
in young children, as well as to propose preventive strategies to minimize the risk of injuries.

Material and 
Methods

The source of information was the Web of Science Core Collection database for the period 2014–
2024. The search was conducted using key terms related to falls, injuries, and risk factors. A total 
of 9,681 article records were retrieved. For evidence-based automated extraction of relevant 
documents, the Latent Dirichlet Allocation (LDA) model was employed. Relevance criteria were 
used to assess the significance of the texts. The reliability of the document extraction methodology 
was evaluated using coherence score and perplexity. The coherence score for word pairs was 0.8185, 
while perplexity was -2.9333, indicating a high interpretability of topics. Data processing was carried 
out using the Python programming language and the PyCharm CE development environment.

Results The analysis of the selected publications identified four main areas related to falls in children under 
the age of three. The majority of falls occur in domestic settings, particularly from furniture and during 
the use of infant products. Significant risks are associated with parental fatigue and postpartum 
depression, which contribute to falls from caregivers’ hands and accidents during newborn care. 
Falls often result in severe traumatic brain injuries, as evidenced by a high rate of hospitalizations. 
Effective preventive measures include parental education programs, improvements in maternity 
ward conditions, and enhancements in home safety.

Conclusions Falls in children under the age of three represent a serious issue that requires a comprehensive 
approach to prevention. The identified patterns and risk factors highlight the need for the 
implementation of preventive measures. Effective strategies should include parental education 
programs, improvements in home and healthcare facility safety. The implementation of these 
measures will help reduce the incidence of falls and related injuries, ultimately improving the 
quality of life for young children.

Keywords: parental education, home safety, traumatic brain injuries, caregiver fatigue, preventive strategies

Introduction
Falls are one of the leading causes of injuries 

among young children, particularly those under 
the age of three. During this period, children 
actively develop motor skills, increasing the 
likelihood of falls both in domestic settings and 
beyond. The consequences of such falls can range 
from minor bruises to severe traumatic brain 
injuries, significantly affecting health and quality 
of life. Therefore, finding effective solutions to the 
problem of child falls requires a thorough analysis 
and synthesis of existing research findings.

In this context, numerous studies explore 
various directions and approaches related to 
children’s motor activity, parental supervision, 
and environmental factors. Analyzing the results 
of these studies has revealed several key areas 

associated with falls in children under three years 
old:
−	 Characteristics and Mechanisms of Falls 

– Examination of the circumstances and 
situations leading to infant falls, including falls 
from furniture, caregivers’ hands, and during 
the use of child equipment [1, 2, 3, 4, 5, 6, 7, 8].

−	 Head Injuries and Contributing Factors – 
Investigation of the severity of traumatic 
brain injuries depending on fall height, surface 
hardness, and the child’s age [2, 4, 9, 10, 11, 12, 
13, 14].

−	 Parental Risk Factors – The impact of parental 
fatigue, postpartum depression, and other 
factors on the frequency and severity of infant 
falls [6, 8, 15, 16].

−	 Preventive Measures and Interventions – 
Development of educational programs for 
parents, use of mobile applications and 
monitoring systems, engagement through 
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social media, and implementation of safe sleep 
practices to prevent falls [2, 3, 8, 16, 17, 18, 19, 
20, 21, 22, 23, 24].

These areas encompass a wide range of factors 
influencing falls in young children. A more detailed 
analysis of the identified aspects allows for the 
determination of the most effective prevention 
strategies and improvements in the quality of life 
for both children and their parents.

The analysis of publications indicates that falls 
in children under the age of three occur in various 
domestic contexts, including falls from furniture, 
caregivers’ hands, and during the use of infant 
products, as well as in maternity wards:
1.	 Falls from furniture and household risks. Infants 

most commonly fall from beds, changing tables, 
and other pieces of furniture [2, 3, 7, 10]. For 
instance, a study by Mitchell et al. [7] found that 
falls from beds account for up to 33% of incidents, 
with traumatic brain injuries occurring in 70–
85% of these cases. Other studies also confirm 
that traumatic brain injuries are widespread 
[2, 4, 13]. The height of the furniture and the 
hardness of the surface onto which the child 
falls are particularly significant factors [1, 9, 25, 
26, 27, 28].

2.	 Falls from caregivers’ hands. Parental fatigue, 
improper carrying techniques, and postpartum 
depression are important risk factors for falls 
from caregivers’ hands [3, 6, 8, 15, 16]. Research 
findings confirm that such falls significantly 
increase the likelihood of hospitalization and 
severe injuries. In maternity wards, most falls 
occur at night, which is associated with maternal 
fatigue and the absence of support persons.

3.	 Use of infant equipment. Falls also occur during 
the use of baby walkers, strollers, and other 
infant devices [3, 7, 17]. Studies indicate that 
improper use or design flaws of infant equipment 
can lead to injuries, especially when parents 
underestimate the risks or become distracted.

4.	 Risks associated with newborn falls. In maternity 
wards and during the first days of life, newborns 
are also at risk of falling [8, 16, 17, 29]. Research 
findings suggest that these falls often occur 
because mothers fall asleep while feeding 
or caring for their infants [30, 31]. Increased 
awareness and educational programs for 
mothers can help reduce this risk.

Thus, studies cover a wide range of mechanisms 
and contexts related to falls in children under the 
age of three. The identified risk factors highlight the 
need for a comprehensive approach to prevention, 
including improving home safety, educating parents, 
and enhancing conditions in healthcare facilities.

Another common cause of falls in young 
children is falls from caregivers’ hands. Research 
analysis indicates that such falls are among the 
most dangerous causes of injuries in children. 

These incidents occur for various reasons, 
including parental fatigue, postpartum depression, 
inattentiveness, and improper infant carrying 
techniques.

Several studies have found that falls from 
caregivers’ hands often occur at night or on weekends 
when mothers experience the highest levels of 
fatigue [6, 8, 15, 16]. In maternity wards, most falls 
are associated with mothers falling asleep while 
feeding their infants. This is supported by findings 
showing that 82% of newborn falls occur at night [8].

Postpartum depression is also a significant 
risk factor. Research indicates that mothers with 
depressive symptoms are more likely to expose 
their children to fall risks [15, 16, 29]. Specifically, 
the likelihood of falls among these mothers 
increases significantly. Parental inattentiveness 
and emotional instability contribute to errors in 
handling infants, which in turn leads to falls [6, 7].

Trauma resulting from falls from caregivers’ 
hands often leads to severe traumatic brain injuries 
[2, 10, 11, 25]. Researchers emphasize that the 
majority of infant hospitalizations are associated 
with such injuries. Moreover, falls from heights, 
which are characteristic of falls from caregivers’ 
hands, increase the severity of skull fractures and 
the risk of intracranial hemorrhages.

Thus, falls from caregivers’ hands pose a serious 
threat to infant health and require comprehensive 
preventive measures. These measures include 
parental education programs, increased awareness 
of risks, improved conditions in maternity wards, 
and support for mothers suffering from fatigue and 
postpartum depression.

Another key area of children falls is the use 
of infant equipment. An analysis of publications 
indicates that the use of walkers, strollers, cribs, 
and changing tables is associated with a significant 
risk of falls. These risks are influenced both by the 
structural design of the equipment and by improper 
use by parents.

Research findings show that falls from beds 
and changing tables are among the most common 
incidents [2, 3, 7, 17]. Specifically, up to 33% of infant 
falls are associated with beds [7]. Furthermore, 
improper use of protective railings or their absence 
can lead to serious injuries, including traumatic 
brain damage [10].

The use of baby walkers and strollers also carries 
risks. Studies indicate that falls occur when walkers 
or strollers tip over on uneven surfaces or when 
parents fail to provide adequate supervision [1, 6, 11, 
12, 17]. These incidents often result in severe head 
and neck injuries, as infants are unable to protect 
themselves during a fall.

At the same time, other studies highlight the 
dangers of co-sleeping on an adult bed without 
special safety devices [8, 16, 25, 29, 30]. Researchers 
note that infants may fall during feeding or 



2025

0101

19

sleep, especially when parents are fatigued or 
unintentionally fall asleep with their child.

Thus, the use of infant equipment requires 
special caution and strict adherence to 
safety recommendations. In this context, the 
implementation of educational programs for 
parents on the safe use of baby equipment and the 
development of improved safety standards can be 
highly beneficial in preventing falls and injuries in 
infants.

Another important aspect involves the risks 
associated with newborn falls. An analysis of studies 
indicates that newborns are at risk of falling both 
at home and in medical facilities, particularly in 
maternity wards. These risks are exacerbated by 
factors related to the physical and emotional state 
of mothers, the organization of newborn care, 
and environmental conditions. The nature and 
characteristics of these risks have been extensively 
examined from various perspectives.

Falls in maternity wards represent a distinct 
category, largely influenced by environmental 
conditions and the support provided by medical 
staff and family members. Studies have shown 
that newborn falls frequently occur at night due to 
maternal fatigue and the absence of companions [8, 
16, 17, 29]. In most cases, falls happen when mothers 
fall asleep while breastfeeding [8]. Additionally, 
the incidence of newborn falls in hospitals ranges 
from 12.1 to 17 per 10,000 births [16]. In this 
context, vulnerable groups include mothers from 
socioeconomically disadvantaged backgrounds and 
those who received inadequate prenatal care [29].

Another contributing factor to infant falls is 
maternal fatigue and postpartum depression. 
Maternal exhaustion and emotional burnout are 
significant risk factors [6, 15, 16, 18]. Researchers note 
that postpartum depression increases the likelihood 
of newborn falls due to reduced attentiveness and 
impaired motor coordination. Mothers experiencing 
depression are more likely to expose their infants to 
fall risks [15].

Proper support and supervision are crucial factors 
in preventing infant falls. A lack of assistance and 
monitoring from medical staff or family members 
increases the risk of falls [7, 8, 16, 17]. Researchers 
recommend enhancing maternal supervision at 
night and implementing programs for safe mother-
newborn cohabitation. Studies highlight that 
educational initiatives and safety agreements in 
maternity wards have successfully reduced fall risks 
to zero in some facilities [17].

Safety concerns when caring for newborns at 
home are also among the most common causes of 
infant falls [2, 3, 6, 12]. Research findings indicate 
that at home, newborn falls frequently occur during 
feeding or diaper changes. Studies show that falls 
from beds and changing tables are among the most 
common incidents. Additionally, parents often 

underestimate the risk of falls when placing infants 
at elevated positions or become distracted during 
caregiving.

Overall, the risks of newborn falls are associated 
with maternal fatigue and emotional state, 
inadequate support from medical staff, and unsafe 
caregiving practices. In this context, the need for 
implementing educational programs, improving 
conditions in maternity wards, and increasing 
parental awareness is evident to prevent such 
incidents.

Thus, falls in children under the age of three 
represent a significant issue, often leading to severe 
injuries and requiring close attention. The analysis 
of research findings highlights multiple contributing 
factors, including fall mechanisms, the use of 
infant products, parental fatigue, and newborn care 
practices, all of which increase the risk of injuries. 
Despite existing preventive measures, the incidence 
of falls remains high, emphasizing the need for a 
comprehensive approach to addressing this problem.

The aim of this systematic review is to analyze 
existing studies, identify key patterns and risk factors 
for falls, and propose effective preventive strategies 
to minimize injuries among young children.

Methodology
Information Sources
To conduct this systematic review, data were 

obtained from the authoritative database Web of 
Science Core Collection (WoS). The search query 
included the following key terms:

(«infant» OR «toddler*» OR «babies» OR «young 
children» OR «small children» OR «children aged 
0-3» OR «children under three» OR «children aged 
0-36 months» OR «early childhood (0-3 years)» 
OR «preschooler*» OR «nursery-aged children» 
OR «neonate*» OR «children under age three» OR 
«children aged 0 to 3 years» OR «early years» OR 
«infant and toddler*»)

As a result of the search, 422,712 article records 
were identified for the period from January 1, 2014, 
to December 14, 2024. The refined search included 
the following terms:

(«fall» OR «slip*» OR «trip*» OR «stumble*» OR 
«tumble*» OR «misstep*» OR «loss of balance» OR 
«losing balance*»)

The refined search yielded 9,681 records, which 
were exported in text format for further processing 
and analysis. The limitations of Web of Science 
(WoS) were taken into account, as the system allows 
downloading records only in batches of up to 1,000. 
Therefore, multiple files were downloaded.

For each record, a set of metadata fields provided 
by the WoS system was selected, including:
1.	 Author(s).
2.	 Title.
3.	 Source.
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4.	 Times Cited Count.
5.	 Accession Number.
6.	 Abstract.
7.	 Keywords.
8.	 Cited References.
9.	 Cited Reference Count.
10.	 Usage Count.
11.	 Hot Paper.

For the automated processing and filtering of 
article records extracted from Web of Science (WoS), 
an algorithm was developed using the Python 
programming language. The algorithm included 
sequential steps aimed at data integration, thematic 
modeling, filtering of irrelevant records, and saving 
relevant results for further analysis (Figure 1).
1.	 Merging data from multiple files and adding 

missing keys (DE, ID).
2.	 Creating a combined text field based on titles 

(TI), abstracts (AB), and keywords (DE).
3.	 Thematic modeling using the Latent Dirichlet 

Allocation (LDA) model to identify key topics.
4.	 Filtering irrelevant data based on specially 

developed exclusion dictionaries.
5.	 Analyzing keywords and calculating the 

WeightedPairCount metric to determine record 

relevance.
6.	 Comparing results based on coherence score 

(Coherence Score) and perplexity score 
(Perplexity Score).

7.	 Checking text accuracy and removing irrelevant 
documents.

8.	 Extracting and saving relevant records for 
further analysis.

During the development of the algorithm, 
recommendations for text analysis [32, 33, 34, 35] 
and keyword visualization [36, 37] were utilized. 
The Latent Dirichlet Allocation (LDA) model [36, 38, 
39, 40, 41] was applied to identify key topics, while 
recommendations [42] were followed for working 
with keyword pairs.

Keyword visualization and analysis were based 
on algorithms proposed in [43, 44]. Data processing 
was performed using the Python programming 
language in the PyCharm CE development 
environment, following recommendations [45] and 
data processing examples [46].

Examples of data processing are presented in 
an interactive Jupyter Notebook environment as 
files containing Python code, textual explanations, 
visualizations, and execution results.

Figure 1. Algorithm for Automated Processing and Filtering of Extracted Document Data
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The processing algorithm for the extracted 9,681 
records is based on a Python script.

Step 1. Merging data into a single file.
Step 2. Missing keys DE, ID (keywords) were 

added to the final text file.
Step 3. Converting the text file into a csv table. 

The following key columns were retained: UT, TC, 
Z9, TI, AB, DE.

Step 4. Creating a csv table by combining data from 
the TI, AB, and DE fields (title, abstract, keywords) 
into a new column named “CombinedText.”

Step 5. Preliminary data processing was 
performed using the Latent Dirichlet Allocation 
(LDA) topic modeling technique to analyze texts 
related to falls in children under the age of three. To 
improve filtering accuracy, three sets of keywords 
were created:
•	 Table 1 includes words related to falls, slipping, 

and loss of balance.
•	 Table 2 contains words referring to children of 

different age groups.
•	 Table 3 represents exclusion terms for contexts 

where «fall» is irrelevant (e.g., fall in tone, voice, 
or voltage).

The analysis produced two output files:
•	 An interactive visualization of the topic model, 

allowing the exploration of identified topics and 
their keywords (Figure 2).

•	 A csv table containing topics with corresponding 
keywords and their weights, enabling the 
assessment of term significance for each topic 
(Table 4).

Step 5.2. Creating the «word pairs» table, 
containing Topics 1-5 with corresponding keywords 
and their weights (Table 5). Word pairs were 
generated based on the data from Table 4.

Step 5.3. Topic modeling of textual data using 
Latent Dirichlet Allocation (LDA) to identify 
relevant topics related to falls in children under the 
age of three.

Building and Evaluating the Topic Model Based on 
Single Keywords

During the analysis, textual data were loaded 
and preprocessed, with unwanted words filtered out 
(Table 3). Additionally, single keywords with their 
weights (Table 4) were used for topic construction 
and interpretation. Based on these keywords and 
their weights, an LDA model was built and its quality 
was evaluated using two metrics: Coherence Score 
and Perplexity Score.

The obtained coherence score of 0.5137 indicates 
good interpretability of the identified topics, while 
the perplexity score of -7.8255 confirms the model’s 
adequate quality for text analysis. As a result of the 
analysis, 9,162 texts containing keyword pairs were 

Table 1. Keywords Related to Falls, Slipping, and Loss of Balance

Term Term Term Term Term Term
accident dropping injury plummet slips trip
collapse drops loss of balance plummeting stumble tripping
collapses fall loss of stability plummets stumbles trips
collapsing falling misstep slip stumbling tumble
drop falls missteps slipping term tumbles

tumbling

Table 2. Keywords Referring to Children of Different Age Groups

Term Term Term Term Term Term

0-3 years children kid minor preschooler under three

babies early childhood kids minors preschoolers young child

baby infant little one newborn toddler young children

child infants little ones newborns toddlers

Table 3. Keywords Representing Exclusions for Terms Related to Falls in Irrelevant Contexts (e.g., Fall in 
Tone, Voice, or Voltage).

Term Term Term Term Term Term

connection intonation network prices sound term

current market performance productivity spirits tone

economy melody phonetics sales stocks voice

electricity modulation pitch signal system voltage

emotion mood pressure sleep tension volume
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Table 4. Topics 1-5 with Corresponding Keywords and Their Weights

Topic Word Weight Topic Word Weight Topic Word Weight

1 trip 0.51776624 2 fall 0.49146256 3 child 0.92646277

1 minor 0.3109011 2 injury 0.41545394 3 preschooler 0.020624485

1 toddler 0.14663507 2 accident 0.053672247 3 fall 0.018069744

1 dropping 0.0102854315 2 slip 0.013783207 3 falling 0.015137653

1 stumble 0.007417748 2 kid 0.0088882195 3 toddler 0.014641935

1 collapsing 0.0016901668 2 falling 0.006551952 3 tumble 0.0045594224

1 child 0.0005535626 2 toddler 0.0048607984 3 tripping 0.0002632921

1 tripping 0.00028341226 2 child 0.004840822 3 infant 2.8433058e-05

1 preschooler 0.00028195884 2 tripping 3.194148e-05 3 stumbling 1.3577792e-05

1 falling 0.00028068954 2 infant 3.169092e-05 3 kid 1.348228e-05

Topic Word Weight Topic Word Weight Topic Word Weight

4 newborn 0.6196446 5 infant 0.9363925

4 baby 0.33841112 5 falling 0.0387131

4 falling 0.013646641 5 drop 0.012827579

4 collapse 0.010727893 5 toddler 0.008445616

4 tumble 0.008627171 5 fall 0.00230526

4 slipping 0.0050322046 5 misstep 0.0007479259

4 fall 0.0013785487 5 stumbling 0.00023597914

4 infant 0.0013492565 5 child 2.5719393e-05

4 child 7.597436e-05 5 slipping 1.9695673e-05

4 drop 7.483887e-05 5 tripping 1.9487621e-05

Figure 2. Visualization of the LDA Topic Model
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filtered, and a dictionary including 59,760 unique 
terms was created. These results demonstrate 
that the model successfully identifies meaningful 
topics and can be used for further text analysis and 
classification based on keyword weights.

Building and Evaluating the Topic Model Based on 
Keyword Pairs

The preprocessing and modeling algorithm is 
similar to the approach used for single keywords: 
text cleaning, filtering of unwanted words, and the 
creation of a dictionary and corpus for training 
the model. As a result of the analysis, 298 texts 
containing keyword pairs were filtered, and a 
dictionary including 37 unique terms was generated.

The modeling results produced the following 
metrics: a coherence score of 0.8185, indicating a 
high interpretability of topics, and a perplexity score 
of -2.9333, confirming the model’s predictive quality. 
These results demonstrate that the model effectively 
identifies meaningful topics for further analysis 
based on both single words and keyword pairs.

Thus, the use of single keywords covers a 
large number of texts, providing a broad thematic 
overview. However, given the review’s focus, the 
most suitable analytical approach is based on the 
use of keyword pairs.

Step 5.4. To identify the most relevant texts, an 
analysis method based on weighted keyword pairs 
is used (Table 5). Each text is cleaned of stop words, 
numbers, and punctuation marks, after which the 
«WeightedPairCount» metric is calculated—the 
total weight of all keyword pairs found in the text. 
Texts with the highest «WeightedPairCount» values 
are selected as the most relevant and analyzed for 
further research.

As a result of the processing, the Top 30 
documents were identified, with their text 
containing the highest WeightedPairCount values. 
These Top 30 documents were then checked for 
the presence or absence of only the word «fall». 
This verification aimed to test the assumption 
that documents containing only the word «fall» 
(including its synonyms) are less likely to be 
relevant to the review topic. Additionally, this step 

helped eliminate potential errors in the automated 
selection of relevant documents that do not pertain 
to the physical falls of children.

The verification established the following:
-	 Out of 30 documents, 4 did not contain the 

word «fall». Content analysis revealed that these 
documents were not related to the physical falls 
of children.

-	 The word «fall» appeared as a single keyword in 9 
documents. Among them, 2 documents described 
rare cases of injuries resulting from the fall of 
only one child. The remaining 7 documents were 
not related to the review topic.
This analysis led to refinements in the Python 

script. A repeated verification identified 17 relevant 
documents. These documents were manually 
reviewed by the authors for alignment with the 
review topic. The analysis confirmed that all 17 
documents were relevant to the subject of the review.

Evaluation of Filtering Quality
A comprehensive approach was used to assess 

the quality of filtering the extracted documents. 
Coherence and perplexity metrics were applied 
(Coherence Score = 0.8185, Perplexity Score = -2.9333), 
calculated for both single and paired keywords, taking 
into account their weights. Topic visualization using 
pyLDAvis confirmed the interpretability and stability 
of the topic modeling results.

Additionally, frequency-based filtering was 
performed to identify the most commonly occurring 
keywords and their distribution across topics. The 
analysis revealed that relevant terms such as falling, 
children, injury, and walking consistently appeared 
in the identified topics, confirming the correctness 
of the filtering process.

To improve the accuracy of selecting relevant 
documents, filtering by thematic directions and 
keyword group combinations was applied (e.g., 
fall and child; fall, child, and injury). This approach 
ensured coverage of all key aspects of the research 
topic and allowed the selection of the 30 most 
relevant documents from the overall dataset.

For result verification, a repeated filtering was 
performed on different data subsets, demonstrating 

Table 5. Pairs of Keywords (Fragment Based on the Word «Fall» in Combination with Others).

Source Target Weight Topic
fall injury 0.45345825 2
fall accident 0.27256740349999997 2
fall slip 0.2526228835 2
fall kid 0.25017538975 2
fall falling 0.249007256 2
fall toddler 0.24816167919999998 2
fall child 0.248151691 2
fall tripping 0.24574725074 2
fall infant 0.24574712546 2

Note. A total of 224 word pairs.
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a high degree of reproducibility (over 90%). This 
confirms the reliability and stability of the filtering 
algorithm. Additionally, an expert analysis of the 
selected documents was conducted, which verified 
that the identified articles corresponded to the 
stated research topic.

Results
Based on the analysis, 17 documents relevant to 

the review topic were selected. The results of the 
automated process demonstrated a high coherence 
score (0.5137) and a low perplexity score (-7.8255), 
indicating the quality of the identified topics and their 
alignment with the research problem (Table 6). These 
findings confirm the effectiveness of the proposed 
approach for extracting relevant documents.

The analysis identified the main mechanisms of 
falls and associated injuries in children of different 
age groups. Common causes of falls include falls 
from furniture, during carrying, and at ground level 
[3]. The risk of hospitalization increases in cases 
where infants fall from caregivers’ hands [6]. Falls 
from beds are the most frequently recorded [7], 
especially at night and on weekends [16].

Factors influencing injuries include fall height, 
impact force, and body orientation at the time of 
the fall [9]. The number of hospitalizations due to 
falls increased from 342 to 469 cases over a ten-year 
period [10]. Traumatic brain injury was diagnosed in 
85% of children [12], while 56.4% sustained minor 
injuries such as bruises and abrasions [2].

Preventive measures, such as comprehensive 
safety programs, have proven effective, reducing the 
risk of falls to zero during the observation period 

[17]. Additionally, targeted strategies have been 
identified, including adequate maternal rest and 
safe feeding practices [18].

It was also found that falls are associated with 
other injury risks, such as intracranial injuries and 
skull base fractures in motorcycle accidents [48]. 
Furthermore, a link has been established between 
falls and postpartum depression in mothers [15].

The distribution of articles across the main 
topics is presented in the diagram (Figure 3).

The distribution of articles reveals several key 
trends (Figure 2). The largest share of research 
focuses on head injuries and the factors influencing 
their occurrence, highlighting the severity of fall-
related consequences. Significant attention is also 
given to the context and causes of falls, emphasizing 
the importance of understanding the circumstances 
and mechanisms leading to these incidents.

Topics related to preventive measures and other 
risk factors are less represented, indicating the need 
for further research in the field of prevention and 
additional factors affecting falls in young children.

The automated analysis based on the 
WeightedPairCount metric enabled the 
identification of the most relevant documents and 
key word pairs related to falls in young children.

Figure 4 presents the Top 17 documents with 
the highest WeightedPairCount values, indicating 
their strongest alignment with relevance criteria. 
These documents were selected for further content 
analysis.

Figure 5 displays the Top 20-word pairs with the 
highest WeightedPairCount values, reflecting the 
key contextual relationships and essential terms 

Figure 3. Distribution of Articles by Main Themes: Topic 1. Content and Causes of Falls; Topic 2. Injuries 
and Significant Factors; Topic 3. Preventive Measures; Topic 4. Risk Factors.
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 d
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 p
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 c
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w
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Figure 4. Top 17 Documents with the Highest WeightedPairCount Values

Figure 5. Top 20 Word Pairs with the Highest WeightedPairCount Values
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associated with child falls. These word pairs help 
identify dominant themes and research directions 
in the analyzed articles.

A graph was constructed based on the weighted 
word pairs from the analyzed text, visualizing 
word connections and their relevance (Figure 6). 
The nodes of the graph represent words, while the 
edges between them reflect paired associations. The 
thickness of the edges is proportional to the weight 
of the word pair: the greater the weight, the more 
significant the influence of that pair in the analyzed 
context.

The central position of nodes with thick 
edges indicates a high degree of connectivity and 
importance, whereas peripheral nodes and thin 
lines represent less significant word pairs.

Figure 6. Visualization of Weighted Word Pairs 
Reflecting the Significance of Connections and 
Their Relevance in Text Analysis

Discussion
The aim of this study was to identify key patterns 

and factors influencing falls in children under the 
age of three, as well as to assess the severity of 
injuries and potential preventive measures. The 
results of our analysis revealed several key aspects:

•	 Topic 1. Content and Causes of Falls;
•	 Topic 2. Head Injuries and Significant 

Factors;
•	 Topic 3. Preventive Measures;
•	 Topic 4. Risk Factors.
1.	 Content and Causes of Falls
•	 Infant falls most commonly occur from 

furniture, caregivers’ hands, or while using 
infant equipment.

•	 The highest risk comes from falls off beds 
and other surfaces due to height and impact 
force.

•	 Nighttime falls are associated with parental 
fatigue, particularly in the postpartum 
period.

2.	 Injuries and Significant Factors
•	 Traumatic brain injuries are the most 

common and account for a significant 
proportion of infant hospitalizations.

•	 The complexity of skull fractures depends 
on fall height and the child’s age.

•	 Severe injuries rarely occur from falls at low 
heights.

3.	 Preventive Measures
•	 Implementing educational programs 

for parents and raising awareness of 
safe practices can effectively reduce fall 
frequency.

•	 The use of mobile applications based on 
behavior change theory helps parents 
adhere to safety measures.

•	 Increased supervision in maternity wards, 
especially at night, is recommended to 

prevent newborn falls.
4.	 Risk Factors
•	 Falls often occur due to parental fatigue or 

insufficient supervision during feeding and 
carrying.

•	 Postpartum depression in mothers increases 
the risk of unintentional infant injuries.

•	 Road traffic accidents, environmental 
factors, medical staff qualifications, 
and socioeconomic conditions are also 
contributing risk factors for child falls.

The analysis of included studies revealed that 
falls from furniture and caregivers’ hands pose the 
greatest danger [6]. In the study by Cooray et al. 
[10], the most common incidents were falls from 
furniture and during carrying, with 85% of children 
sustaining traumatic brain injuries. Findings from 
a study of 672 children conducted by Kendrick et 
al. [49] also confirmed the prevalence of falls from 
furniture.

Shimony-Kanat et al. [4] found that falls from 
furniture were the leading cause of injuries in 
children aged 0 to 12 months (estimated probability 
37.9%), whereas slipping was the primary cause in 
children aged 13 to 36 months (estimated probability 
38.4%).

Other studies also report frequent cases of falls 
from furniture [1, 2, 3, 50, 51], including falls from 
caregivers’ hands [5, 51]. Additionally, common fall 
scenarios were identified, such as falls from beds 
and the use of unsafe equipment [3, 52, 53].

Supporting evidence comes from other studies 
with slightly lower relevance, including falls 
resulting in traumatic brain injuries [2, 4, 13] and 
falls from unsafe equipment (including beds) [2, 7, 
16, 54, 55].

The reviewed studies highlight agreements or 
consistencies with the findings of another research. 
For example, Sullivan et al. [25] noted that their 
results align with previous studies, confirming that 
falls from heights (e.g., furniture) lead to more severe 
injuries than falls at ground level. Additionally, 
computer modeling demonstrated that fall height 
and surface hardness significantly influence the risk 
of head and neck injuries [9]. A similar consistency 
in findings was observed in the study by Ruiz-
Maldonado et al. [11], where the authors stated 
that their results matched clinical studies showing 
that higher falls increased the complexity of skull 
fractures.

Other studies analyzed in this review confirmed 
that modifications in the home environment can 
significantly reduce fall risks [17]. For example, 
the use of bed rails and educating parents on safe 
infant carrying methods contribute to a decrease 
in injury cases [2]. Furthermore, it is important to 
consider that falls occur more frequently at night 
due to maternal fatigue, emphasizing the need for 
enhanced supervision in maternity wards [8].
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Supporting evidence comes from other studies 
with slightly lower relevance, including the creation 
of a child-safe home environment [19], such as 
installing bed rails [2]; parent education and 
awareness programs [2, 3, 55]; and initiatives to 
reduce maternal fatigue, especially at night [16].

The limitations of the studies presented in the 
reviews highlight several key issues. Arumalla et al. 
[47] stated that some studies lacked information on 
the long-term consequences of injuries. Cooray et 
al. [3] identified that a significant limitation of the 
included studies was the retrospective nature of 
data collection and reliance on parental self-reports, 
which could lead to inaccuracies. Supporting 
evidence comes from other studies with slightly 
lower relevance, including the use of parental 
surveys [31, 56, 57, 58, 59].

The practical significance noted in the analyzed 
studies focuses on several directions. One study 
[18] emphasizes the need for the development of 
educational programs for parents aimed at fall 
prevention. Another study highlights that mobile 
applications have proven effective in increasing 
parental awareness [18]. Cooray et al. [8] stress 
the importance of implementing measures to 
ensure safe sleep for newborns and prevent falls in 
maternity wards.

Supporting evidence comes from other studies 
with slightly lower relevance, including fall 
prevention in the context of child safety [7, 16] and 
the use of mobile applications [24, 56].

In the analyzed studies, the authors also 
emphasize directions for future research. Future 
studies should focus on the development and 
evaluation of preventive measures across different 
social and cultural contexts. Additionally, a more 
in-depth analysis of the impact of postpartum 
depression on fall risk is required [15].

It would also be beneficial to examine the long-
term consequences of traumatic brain injuries on 
the development of children under the age of three 
[11] and the effects of road traffic accidents [49].

Supporting evidence comes from other studies 
with slightly lower relevance, including prevention 
strategies considering social and cultural practices 
[1, 60].

Thus, the analysis of studies has shown that 
falls in children under the age of three represent 
a significant issue requiring a comprehensive 
approach to prevention. The most hazardous 
fall mechanisms are associated with household 
environments, parental fatigue, and improper use of 
infant products.

Traumatic brain injuries account for a 
substantial proportion of fall-related consequences, 
highlighting the importance of timely identification 

of risk factors and the implementation of effective 
preventive measures.

Key steps to reduce the frequency and severity of 
falls include:
•	 Developing educational programs for parents,
•	 Improving home safety,
•	 Enhancing supervision in medical facilities.

Future research should consider the socio-
cultural characteristics of families and the long-
term consequences of injuries on children’s health.

Study Limitations
Despite the obtained results, there are certain 

limitations in the analyzed studies.
First, many studies have a retrospective design 

and rely on parental self-reports, which may lead to 
inaccuracies and incomplete data.

Second, some studies lack information on the 
long-term consequences of traumatic brain injuries. 
Additionally, certain studies are limited in their 
geographic and socio-economic context, making it 
difficult to generalize findings to other populations.

Third, several methodological and data quality 
limitations should be considered. Specifically, the 
algorithm relies on the presence of keywords and 
their synonyms to identify relevant texts, which 
may result in the exclusion of important documents 
if they use non-standard or rarely occurring terms. 
Furthermore, texts with ambiguous contexts, where 
the word «fall» is used metaphorically, may be 
erroneously classified as irrelevant.

Finally, limitations may also stem from data 
quality and database completeness, which can 
influence the final selection of articles.

Conclusions
Falls in children under the age of three represent 

a serious issue, leading to significant injuries and 
posing a threat to the health and quality of life of 
infants and young children. To reduce the incidence 
of falls, comprehensive preventive measures are 
necessary. These include:
•	 Educational programs for parents,
•	 Improvement of conditions in maternity wards,
•	 Safe use of infant products,
•	 Enhancement of safety standards in home 

environments.
Future research should focus on the development 

and implementation of effective prevention 
strategies, taking into account the socio-economic 
and cultural characteristics of families, as well 
as improving data collection methods for a more 
accurate assessment of risks.
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