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In the construction sector, accidents that harm workers' health are common and are caused 

by different factors, such as inadequate work area and human factors. Therefore, it is 

essential to comply with occupational health and safety regulations to avoid accidental 

falls from different heights and ensure workers' health. This study aimed to analyze the 

scientific production of Occupational Health and Safety related to fall accidents in the 

construction sector through a bibliometric analysis and a systematic review focused on 

identifying current knowledge, research trends, and knowledge gaps. Using databases 

such as Scopus and Web of Science (WoS), 1,419 documents published between 1968, 

and October 2024 were collected and analyzed using analytical tools such as Vosviewer 

and Bibliometrix. In addition, the PRISMA method was applied for a selection analysis 

of scientific publications using the following exclusion criteria: i) articles not focused on 

falls (within titles and keywords), ii) articles that are not in English, iii) articles that are 

not open access, obtaining 59 relevant publications that highlight innovative approaches 

such as deep learning, virtual reality (VR) and artificial intelligence (AI) in the field of 

occupational safety. The findings of this work show an increase in research on these 

topics, highlighting their relevance in the prevention of occupational accidents, and offer 

a comprehensive view of current trends, application of technologies and knowledge gaps 

(e.g., lack of safety training integrating advanced technologies such as AI and VR, lack 

of safety culture, socioeconomic factors in some countries in the application of 

regulations) laying the foundations for future, more in-depth research in this field. 

Keywords: 

occupational safety and health, occupational 

hazards, occupational risk, fall from height, 

construction, technology adoption, safety 

culture 

1. INTRODUCTION

Industrial safety had its roots in the Middle Ages when work 

was carried out manually or with the aid of draft animals. In 

the 10th century, regulations aimed at protecting workers were 

established in France, marking the beginning of a formal 

approach to workplace safety [1]. In the 15th century, Ulrich 

Ellenbaf wrote a pioneering text on occupational diseases and 

preventive measures in Germany. Although he probably did 

not anticipate this, his work was the first documented 

reference on industrial safety [2]. This historical development 

underlines how, since ancient times, there has been a search to 

safeguard workers' health, laying the foundations for modern 

regulations. 

As a result of these developments, governments have begun 

to establish control measures. In Spain, Charles III 1778 

established protection for industrial accidents [2], while in 

1802, the English parliament determined the working day and 

safety and hygiene conditions in factories [3]. Significant 

accidents were evident in later years, such as the fire in the 

Triangle Shirtwaist factory in New York in 1911, where 146 

workers died [4]. Another disaster occurred in the British mine, 

Senghenydd, in 1913, with 439 workers dead [5], and an 

explosion in the Canadian port of Halifax in 1917, with 

approximately 2,000 dead and 9,000 injured workers [6]. 

New standards and regulations have been implemented over 

the years. At the international level, the ISO 45001 standard 

manages safety, health, and risk prevention at work [7] and is 

used in organizations worldwide. Occupational Safety and 

Health Administration (OSHA) standards are implemented in 

the United States to protect employees from workplace 

hazards [8]. The European Union's Information Agency for 

Safety and Health at Work (EU-OSHA) [9]. In South 

American countries, Uruguay has Decree No. 125/014, which 

deals with safety and hygiene in the construction sector [10], 

Peru has Law No. 29,783/2011 on Worker Safety and Health 

[11], Chile's Supreme Decree No. 47/2016, which deals with 

the National SST Policy [12], in Argentina there is the 
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Occupational Health and Safety Law of 1972 [13]. Ecuador 

has Executive Decree No. 2393/1986, regulations on the safety 

and health of workers, and improvement of the environment. 

It also has Ministerial Agreement No. 0174/2008, which deals 

with Safety and Health Regulation for the Construction of 

Public Works to prevent accidents or occupational risks. 

Simultaneously, methods are applied to improve health 

organization processes to increase their productivity and 

profitability in care [14]. Figure 1 presents a summary of the 

history of occupational safety and health. 

The International Labour Organization (ILO) was created in 

1919 because of accidents that occurred in different industries. 

This organization was designed to establish international 

standards and conventions for worker protection. It has 191 

conventions and approximately 40 standards, focusing on 

Worker Safety and Health (WSH). One convention, C155, 

deals with worker safety and health [15], and Convention 

C167 deals with safety and health in construction [16]. Some 

standards, such as Convention C174 [17], are dedicated to 

preventing industrial accidents (Figure 2). 

 

 
 

Figure 1. Summary of the most relevant history of occupational health and safety standards 

 

The construction industry has been identified as one of the 

most dangerous in many parts of the world [16], and falls from 

heights are one of the leading causes of death in construction 

operations, according to a study by Chi et al. [18]. Hu et al. 
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[19] stated that falls are the leading cause of serious injuries in 

all accidents that occur during construction. Falls from heights 

still consistently have the highest rates among construction 

accidents when compared to other types of accidents (e.g., 

vehicle collisions, being struck by moving or falling objects, 

being caught between stationary and moving objects, and 

contact with electricity) and when compared to accidents in 

other industries [20]. Fall prevention has received significant 

attention from construction safety and health management 

researchers and practitioners [21].  

 

 
 

Figure 2. Summary of ILO International Labour Standards 

on WSH 
Source: Adapted from ILO 

 

At the international level, each country has its own 

institution or entity where a record of work accidents is 

maintained, depending on the type of the economic sector. In 

North America, in the United States, the Occupational Safety 

and Health Administration (OSHA) defined the "Four 

Construction Focus Hazards": falls, blows, electrocutions, and 

entrapment, which continue to lead to fatal threats to workers 

in the construction industry [8, 22]. Falls, slips, and trips 

accounted for 39.2% (421 deaths) of all construction deaths in 

2023 in the United States [23]. In the European Union, 3,286 

fatal accidents were recorded at work in 2022, of which 754 

corresponded to the construction sector [24]. In Asia, 

Malaysia's Department of Occupational Safety and Health 

(DOSH) reported 151 deaths in 2021, of which 37% were 

construction accidents and 28% were in the manufacturing 

sector. Fatal falls from heights primarily contribute to this 

figure [25]. 

In the South American region of Ecuador, during the period 

2019-2024, 1,782 files were registered and classified as work 

accidents in construction [26]. According to the Chamber of 

Industries and Production (CIP), 77% of informal employment 

occurs in the construction sector [27], so there is no 

verification of the total number of accidents that occur in 

construction. In Argentina, 55,127 reported cases were 

recorded according to accident type. In construction, by 2023, 

41,132 cases of work accidents were reported (74.61%), and 

10,870 cases were due to falls of different levels (19.72%) [28]. 

In Chile, 19,405 work accidents were recorded in construction, 

of which 5,132 were accidents involving falls, giving 26.45% 

of accidents the same [29]. In Peru, in 2023, there were 3,408 

accidents in the construction sector, of which 555 were falls, 

accounting for 16.29% of registered accidents [30].  

In the construction sector, various problems must be solved. 

One of these problems is that workers who carry out activities 

at different height levels comply with occupational safety 

regulations. However, despite existing regulations, these types 

of accidents continue to occur due to a lack of culture, lack of 

training, and workers' disinterest in using their Personal 

Protective Equipment (PPE). Therefore, we asked the 

following research question: 

Are occupational health and safety regulations and 

preventive measures correctly implemented in the 

construction sector to avoid fall accidents?  

How have safety regulations evolved, and what new aspects 

do they consider?  

What aspects of the new regulations currently applied in 

construction contribute? 

This study aimed to analyze the scientific production of 

Occupational Health and Safety related to accidents due to 

falls in the construction sector. Bibliometric analysis and 

systematic review will focus on identifying the current state of 

knowledge, research trends, and knowledge gaps. This 

analysis will provide a basis for evaluating the effectiveness of 

current safety measures and serve as a starting point for future 

research that delves into strategies to prevent workplace 

accidents in this sector. 

 

 

2. MATERIALS AND METHODS 

 

This study used qualitative and quantitative techniques 

through a combined approach between a bibliometric analysis 

(Occupational Health and Safety Standards, with the 

application of VOSviewer and Bibliometrix software) and a 

systematic review, which summarizes in a matrix the accidents 

of falls from height in civil works (cause, effect, prevention 

and standards). The methodology of this study was developed 

in three phases (Figure 3): I) Search for scientific publications 

in databases such as Scopus and Web of Science (WoS), II) 

Statistical-bibliometric analysis for the analysis of trends, III) 

A systematic review on falls from height in civil works. 

Phase 1 involved the selection of keywords related to this 

research topic (Occupational safety and health, fall from 

height, construction). These keywords were used to search for 

scientific publications in the Scopus and Web of Sciences 

(WoS) databases [31]. 
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Figure 3. Diagram of the methodology used 

 

In the Scopus database, 1,295 documents were obtained 

(with the extension. bib), while in Web of Sciences (WoS) 781 

documents were obtained (with the extension. txt). Once the 

papers were collected, RStudio software [32] was used to 

merge the documents (2,076 documents) and to eliminate 

duplicate files (657 documents), leaving 1,419 documents for 

analysis in Phase 2. 

In Phase 2, a bibliometric analysis was used using the 

Bibliometrix-RStudio software (version 4.4.2) to determine 

research trends focused on scientific production in 

Occupational Health and Safety and falls from height, the most 

relevant countries in contribution, and the analysis of research 

trends using a thematic map. Using the VOSviewer software 

(version 1.6.20), a correlation mapping of the author keywords 

was obtained. 

In Phase 3, a systematic review was conducted following 

the PRISMA methodology [33, 34]. The selection of scientific 

publications was based on a focus on falls, considering titles 

and keywords, and applying language and accessibility filters. 

Publications written in English were prioritized, as English is 

the universal language of scientific communication and 

accounts for approximately 97% of scientific output [35, 36]. 

Additionally, only open-access publications were considered, 

in accordance with the Budapest Open Access Initiative 

(BOAI) [37, 38], to ensure unrestricted, free, and fully online 

access to the literature. Consequently, the exclusion criteria 

were applied sequentially as follows: (i) articles not related to 

falls (1,341 documents eliminated), (ii) publications not 

written in English (1 document eliminated), and (iii) articles 

not available in open access (18 documents eliminated). Using 

the PRISMA method (inclusion/exclusion parameters), 59 

documents were obtained for the systematic review. 

 

 

3. RESULTS 

 

3.1 Scientific production on occupational health and safety 

and falls from height 

 

The scientific production on Occupational Safety and 

Health and falls from height consisted of 1,419 documents 

developed between 1968 and 2024 (Figure 4). The first 

contribution in this research field was made in 1968, with the 

topic “Cause of the accidents due to oxygen deficiency in 

underground works in Tokyo area” [39], which analyzes the 

oxygen deficiencies in underground constructions, the cause 

of accidents and how to avoid them. Within this research topic, 

there are two marked periods: period 1 (1968-1994) records 

very few publications, having a linear trend, while period 2 

(1995-2024) presents an exponential trend (growing 

publications). In 1995, an increase in publications was 

observed due to the review of the sections of the OSHA 

standard on topics of interest, such as the control of exposure 

to lead, silica and asbestos [40, 41]; the improvement in the 

fall protection system (harnesses and anchors) in falls was also 

implemented [42]. Figure 4 shows that more research is being 

done each year on the topic (increasing trend), highlighting 

2023, where the largest number of publications was recorded 

(108), and 2024, with a projection to increase this number of 

publications. 

Figure 4 shows the citations recorded by year. In period 1, 

there is a record of 814 citations in total; 1982 stands out for 

having 145 citations. The most cited topic in that year (123 

citations) deals with respiratory health in a toluene 

diisocyanate (TDI) manufacturing plant during 5 years of 

exposure [43]. Also, 1993 stands out with 173 citations, with 

the topic with the most citations (72) about fatal work injuries 

in the construction industry in New Jersey from 1983 to 1989 

[44]. In period 2, a growth in citations was observed, with 

2003 being the highest number of citations recorded (1578). In 

this period, there were two scientific publications with a large 

number of citations. The first topic (960 citations) deals with 

guidelines for controlling environmental infections in health 

centres, which examined environmental infections found in 

health centres, focusing on prevention, controls, and the 

creation of new tools in care [45]. The second topic (243 

citations) focused on analyzing accidents due to workers' falls 

in construction, examining the causes of accidents in 

construction and how to prevent falls of personnel who 

perform this type of activities [46]. 

 

3.2 Scientific metrics for occupational health and safety 

and falls from height 

 

3.2.1 Scientific contribution and collaboration by country  

Scientific contributions on occupational safety and health 

and falls from height comprised 76 countries between 1968 

and 2024. 
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Figure 4. The trend of publications and citations in the study on Occupational Health and Safety and falls 

Table 1. Scientific contributions from the leading countries researching Occupational Safety and Health and falls from height in 

the construction industry 

No. Countries Publications Most Relevant Topics Country Collaboration 

1 United States 601 

A research study based on OSHA's collection of 

information on construction accidents involving falls [46]. South Korea, Canada, Australia, 

Iran, United Kingdom Application of personal protective equipment through deep 

learning technology and real-time monitoring [47]. 

2 Malaysia 94 

A study focusing on the review of health and safety 

management in the construction sector in Malaysia for a 

practical approach to hazard containment [48]. Algeria, Australia, China, 

Indonesia This research topic uses machine learning to create a 

prevention model that identifies the causes of fatal 

accidents due to falls [49]. 

3 South Korea 51 

Study on 4-dimensional planning based on temporal and 

spatial site safety information for occupational risk 

prevention [50]. 
Finland, United States 

An analysis of occupational health and safety regulations to 

improve efficiency and innovation in the construction 

sector [51]. 

4 
United 

Kingdom 
50 

A design for organizational capacity with occupational 

health and safety [52]. Australia, Thailand, Nigeria, 

Ghana Review the application of new technologies to improve the 

construction sector's health and safety management [53]. 

5 Indonesia 45 

Studies on factors affecting job stress in construction 

workers [54]. 

Philippines Identification, analysis, evaluation, and implementation of 

health and safety management applied to projects in the 

construction sector [55]. 

Table 1 summarizes the main topics researched by the five 

countries with the highest contribution. The United States is 

the country with the highest contribution (601 papers), 

followed by Malaysia (94 papers), South Korea (51 papers), 

the United Kingdom (50 papers) and Indonesia (45 papers). 

These countries have international collaborations on new 

topics that are emerging as applications of technologies for 

safety management design in construction. 

3.2.2 Research trends using author keywords 

Figure 5 presents the research trends based on the authors’ 

keywords such as “lead exposure”, “quartz”, and “monitoring” 

that appear in the period from 1999 to 2007. The most cited 

topic within this period is “Clinical evaluation and 

management of construction workers exposed to lead” [56], 

which focuses on the effects of lead on human health, focusing 

on the diagnosis, treatment and prevention of diseases. Topics 

such as “silicosis”, “low back pain”, and “noise exposure” 

appeared in the period from 2008 to 2015, which are common 

diseases originating in civil works [57, 58]. The topics of 

“occupational health and safety” and “fall from height” are 

topics of high interest in the period 2016-2019 because they 

are more frequent in research, focusing on occupational risk 

management for the prevention of accidents, illnesses, and 

worker protection [22, 59, 60]. Finally, in the period 2020-

2024, new topics such as “COVID-19”, “artificial intelligence” 
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and “BIM” emerge. The authors Gan and Koh [61], in “Return 

to Work in the Construction Sector: Lessons from Singapore”, 

refer to the prevention of COVID-19 contamination in workers 

to resume construction activities in Singapore. Another 

research topic, “REDECA: a new framework to review 

artificial intelligence and its applications in occupational 

health and safety”, highlights the application of technology for 

worker health and safety [50, 62]. 

 

 
 

Figure 5. Research trends related to keywords 

 

 
 

Figure 6. Thematic map of the relationships between occupational health and safety study topics and falls 
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Figure 7. Correlation of keywords 

 

Figure 6 shows a thematic map based on the study topic 

(Occupational Safety and Health and Falls from Height). The 

links are presented by comparing the degree of relevance with 

the degree of development and dividing the graph into four 

quadrants (essential, driving, niche, emerging). The basic topic 

illustrates the relationship between “occupational safety and 

health”, “construction”, and “prevention through design” 

through “deep learning” of what happens in constructions and 

the use of “personal protective equipment”. In parallel, the 

“asbestos prevention” found in constructions is considered. 

The motor theme shows the relationship between “industry” 

and “electrical safety” for the evaluation of accidents that may 

occur through “surveillance”. The niche themes highlight the 

importance of “noise exposure evaluation” and “lead 

exposure”, as well as “silica” exposure, which can commonly 

cause silicosis (a severe disease that affects the lungs). Finally, 

the emerging theme highlights “virtual reality”, generating 

high interest in the relationship with occupational safety and 

health to prevent fall accidents. 

 

3.2.3 Correlation of author keywords 

The authors' keyword correlation analysis helped to observe 

established and emerging research fields. Using VOSviewer 

software, 2,538 words were processed and repeated once, 

while only 57 words were repeated five times (Figure 7), 

showing their interactions grouped into 6 clusters. 

Cluster 1, Occupational Health and Safety (378 occurrences, 

red), studies occupational risks and diseases. Through 

standards, it regulates and prevents accidents that occur at 

work. This cluster groups topics that are related to accidents 

that occur at work, for example, falls from heights [63] that 

occur in construction and diseases such as low back pain and 

silicosis [58, 64]. In addition, it shows the relationship 

between BIM [65] and artificial intelligence [66] which are 

technologies that are being applied, and their research interest 

is increasing. 

Cluster 2, OSHA (50 occurrences, green), shows related 

topics such as the risks produced by crystalline silica, asbestos, 

quartz and dust control [67], which are related to the American 

OSHA standard that manages, regulates and controls worker 

safety and health [60]. 

Cluster 3, Construction (325 occurrences, blue colour), is 

related to what happens in civil works, deep learning, such as 

the use of personal protective equipment, and worker 

productivity. In addition, it raises the study on safety and 

preventive design of diseases such as COVID-19 [68]; this 

affected the emotional state and health of all people worldwide, 

causing great human losses and economic losses in different 

industries, such as Construction [69]. 

Cluster 4, Injuries (55 occurrences, yellow colour), studies 

the issues related to injuries that occur due to accidents, falls, 

and risks of electrical injuries [70]. Research has also been 

done on the design and surveillance of how to avoid accidents 

in Construction [71]. 

Cluster 5, Prevention through design (20 occurrences, 

purple): Increasingly, accidents occur due to worker 

carelessness or an unsafe area, which is why there are studies 

on implementing designs to prevent these accidents. Likewise, 

the policies established in regulations such as ISO, OSHA, and 

NIOSH are complied with to avoid these types of accidents 

[72]. 

Cluster 6, Training and Education (21 occurrences, light 

blue), focuses on issues related to training, education, and 

evaluation of exposure to occupational risks produced in 

construction. It also involves virtual reality, which is emerging 

as a new method to prevent accidents and illnesses among 

workers [73]. 

 

3.3 Systematic review matrix related to preventing falls 

from height accidents in the construction sector 

 

The systematic review shows the scientific production 

related to Occupational Health and Safety focused on 

accidents due to falls from height in the construction sector. It 

was observed that some authors have carried out studies on 

factors that cause accidents due to falls and diseases caused by 

injuries, as well as on the prevention of this type of accident 

and inspection of standards. The review shows that, since 2018, 
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research has appeared and is growing on the application of 

new technologies related to the prevention of fall accidents 

(such as virtual reality, structural equation model (SEM), the 

application of artificial intelligence and algorithms in real-time 

detection), since these topics are emerging as new prevention 

measures. Table 2 shows the issues found in the review, 

classifying them into four subtopics (such as causes, effects, 

prevention, revision or modification of standards). 
 

Table 2. The systematic review focused on preventing falls from height accidents in the construction sector, based on 59 

documents 
 

Subtopics Topics in Contribution Ref. 

Cause of 

accident due to 

falls 

Unsafe acts: [74] 

 

[22] 

 

[75] 

  

Not using personal protective equipment. 

Lack of knowledge of safety regulations. 

Having a lousy aptitude and attitude at work. 

El personal se encuentra con estrés psicológico laboral. 

The staff is experiencing psychological stress at work. 

Lack of training for the workforce focused on safety and the use of equipment. 

Loss of balance of the worker under the influence of alcohol and/or drugs. 

Unsafe condition: 

Neglect of the work area 

Implementation of a poor design in safety measures. 

Equipment in poor condition includes scaffolding, ladders, harnesses, railings, and harness trusses. 

The height of the work equipment platform. 

Inadequate lighting methods. 

Effect of falls 

accident 

It causes injuries, illnesses and loss of human life. [67] 

 

[76] 

 

[77] 

Moral demotivation of staff due to the occurrence of accidents. 

Medical expenses of companies in caring for injured staff. 

Delays in the delivery of construction projects. 

Decreased productivity. 

Conflicts in the workplace due to disorganization. 

Lack of awareness of safety-related problems. 

Lack of fall protection system applications. 

Effects that acrophobia and anxiety can cause when working at height. 

Prevention of 

accidents due to 

falls and the 

application of 

new 

technologies 

Anchoring using wooden trusses for personal fall arrest systems in compliance with OSHA regulations. [25] 

 

[65] 

 

[73] 

 

[78] 

 

[62] 

 

[79] 

Monitoring workers to determine if they meet the safety standard of the personal fall detection system was 

established by a real-time arrest algorithm based on a convolutional neural network through AI-based image 

arrest for fall accident mitigation. 

The application of wooden railing systems as perimeter prevention to avoid fall accidents is located on the 

ceilings. 

Inspecting workplaces can help reduce fall accidents. 

Virtual training using new technologies such as immersive 360° virtual vision narration allows us to improve 

hazard recognition and risk perception. 

The method that semi-automatically identifies the risks of falls in excavations in the construction sector using an 

algorithm (Matlab) that locates the fall hazards, which is visualized with a BIM model. 

Implementing and combining technologies to mitigate fall accidents in construction, such as low-cost Bluetooth 

technologies to monitor safety harnesses, BIM, GPS, and Radio Frequency Identification, would help improve 

the effectiveness in reducing fall accidents. 

Virtual reality is used to train and assess how acrophobia and anxiety affect working at heights, thus preventing 

accidents due to falls. 

Machine learning is used to create prediction models such as the random forest (Scikit-Random Forest Classifier 

of Python) that detect the causes or factors that influence fall accidents. 

Interactive virtual reality systems will be used to train US construction workers in fall risk prevention with a 

focus on OSHA compliance. 

Training construction workers with low English proficiency by implementing three-dimensional (3D) 

visualization to understand fall risk prevention training better. 

Assess the most common risk factors in construction using a structural equation model (SEM) to compare the 

influence of risk factors. 

Standards A study evaluated existing construction industry standards and alternative fall protection measures on residential 

roofs. 

[80]  

 

[66] 

 

[81] 

 

[51] 

Occupational health and safety reports were examined, and almost all of them did not comply with the safety 

standards in force at that time. 

Real-time monitoring of unsafe behaviour by workers on portable ladders to verify compliance with safety 

standards. 

In South Korea, regulatory policies on preventing fall accidents in construction have been improved, taking 

suggestions from US OSHA standards. 

Assessments of existing regulations, construction practices, and alternative fall protection measures on 

residential roofs were conducted. The results were poor compliance with regulations due to a lack of knowledge, 

competition from construction industries, design difficulties, and worker misbehavior. 

One study examined the relationship between fall protection standards and injuries in construction workers to 

determine whether compliance with standards and follow-up at the source of injuries occurred. 
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4. DISCUSSION 

 

The analysis of scientific production (within the period 

1968-2024) shows the development of scientific contributions 

to occupational safety and health, applied to preventing 

accidents and registering occupational diseases. Period 1 

(1968-1994) registered minimal development in occupational 

safety and health due to the combination of weak regulations 

(entities began to promote more demanding standards in the 

1990s [17]), poor data availability (companies did not 

adequately document incidents), lack of financing 

(investments were mainly directed towards technological 

advances in materials and construction processes [82, 83]) and 

low prioritization of safety within the construction industry 

(globalization and the influence of organizations, such as the 

ILO and OSHA). In this period 1, there are topics focused on 

respiratory health within different work environments (lack of 

oxygen in underground works, exposure in a toluene 

diisocyanate manufacturing plant, or diseases caused by 

crystalline silica), in addition to fatal injuries that occur in the 

construction sector during 1983-1989. Period 2 shows an 

exponential growth in the trends of scientific contributions, 

starting in 1995, reflecting a greater interest in occupational 

safety and health, focusing on advancing and adapting new 

technologies and methodologies, such as AI, deep learning, 

and training, and applying virtual reality as new prevention 

measures. It is also due to an increased global awareness of 

workplace safety, such as the implementation of stricter 

regulations (e.g., Directive 92/57/EEC on safety at 

construction sites came into force in 1995 in the European 

Union [84]) and recent updates (e.g., OSHA updated its 

standards for the use of fall protection systems at heights 

above 1.8 meters, for the use of cranes and lifting equipment, 

and a comprehensive focus on training and prevention [8]. 

The scientific analysis of contributions by country shows 

that there are issues of occupational safety and health and falls, 

with contributions from 76 countries from 1968 to 2024. The 

United States leads research on these topics, followed by 

Malaysia and South Korea. Considering the income levels of 

each country and the human development index, it is noted that 

in developed countries, the regulations are well established, 

strictly applied and periodically reviewed to adapt to 

technological changes in new prevention measures [85, 86]. In 

these countries, specialized agencies have the resources for 

inspection and advanced training systems in compliance with 

the standards; for example, in the USA with the OSHA 

standards [8], and in the European Union, there is the EU-

OSHA [9]. In developing countries, there are regulations; 

however, their establishment and inspection are partially 

limited by their average resources, low safety conduct, and 

corruption of the system, affecting the occupational safety part, 

although efforts to improve are noted [85], as examples we 

have Brazil with its NR-18 and NR-35 standards [87, 88], 

India which has its Occupational Health and Safety Act 2020 

[89]. 

In developed countries, regulations are implemented 

effectively; however, implementation is often inconsistent in 

developing and less developed countries [90]. One of the 

factors is the corruption of the system, of governments or 

companies that allocate their resources to other areas and do 

not focus on the safety and health of workers. According to 

Transparency International (TI), in 2024, developed countries 

show a low level of corruption (e.g.: Denmark 90, Singapore 

84 and the United States 65), while in developing countries 

(e.g.: Brazil 34, India 38 and South Africa 41) and less 

developed countries (e.g., Haiti 16, Afghanistan 17, Somalia 

9) high levels of corruption are observed; being classified with 

the lowest Corruption Perceptions Index (CPI) [91-93]. High 

levels of informal employment also impact the prevention 

measures, which do not allow for improvement. Safety in 

construction, specifically in the prevention of falls, is limited 

by the level of economic development [94], the institutional 

capacity of each country and the culture of workers in 

complying with preventive measures for this type of accident 

worldwide. International collaborations strengthen research, 

although greater inclusion of developing and less developed 

countries is needed. Table 3 compares several aspects, such as 

regulations, oversight, training, technological innovation and 

safety culture. 

In the thematic trends, the connections of how the research 

topics have evolved are contemplated through keywords. The 

basic topic is occupational health and safety in construction, 

which is relevant in various areas, such as management in the 

prevention of accidents and diseases caused by asbestos. The 

driving topics, such as safety in the different industry types 

and surveillance, focus more on this domain. The niche topics 

reveal the importance of exposure in constructions, such as 

noise, lead, and silica, which cause respiratory diseases. In the 

emerging or declining topic, the application of new 

technologies arises, focusing on a design for preventing fall 

accidents using personal protection equipment and the help of 

virtual reality. This shows us that more and more technologies 

are appearing in the prevention of fall accidents, such as the 

use of artificial intelligence to create 3D scenarios for worker 

training, creating designs in prevention management through 

BIM modelling, and real-time monitoring of workers who are 

exposed to traditional risks (lead, noise, silica). Within the 

systematic review, carried out using the PRISMA method, it is 

evident that the leading causes of fall accidents in the 

construction sector are due to both unsafe acts (deficiencies in 

supervision and equipment failures (scaffolding or ladders) 

and poor working conditions (lack of use of personal 

protective equipment (PPE), ignorance of safety regulations 

and psychological stress at work). These findings coincide 

with previous studies [22, 74] that indicate that the absence of 

a safety culture at work contributes significantly to accidents. 

Lack of training and non-compliance with regulations are 

recurring aspects in the construction industry, aggravating the 

problem and indicating the need to strengthen the safety 

culture in the construction sector [79]. 

The systematic review highlights the importance of 

advancing and adapting new technologies and methodologies 

in the prevention and mitigation of fall accidents. 

Technologies such as the use of real-time detection algorithms 

using neural networks (real-time monitoring of PPE use), the 

use of virtual reality (training of workers), the creation of 

virtual scenarios with the help of AI (detecting the factors that 

cause fall accidents and managing acrophobia and anxiety) are 

promising solutions that can help combat these accidents [25, 

65]. However, despite technological advances, barriers like 

lack of knowledge of these tools and resistance to change 

within companies persist. Therefore, it is essential not only to 

integrate new technologies but also to encourage their 

adoption through stricter regulatory policies (combination 

with OSHA or ILO regulations) and continuous training 

programs (education), thus ensuring a sustained improvement 

in occupational health and safety in construction [62]. 
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Table 3. Comparison of the aspects classified by developed, developing and least developed countries 

 
Aspect Developed Countries Developing Countries Least Developed Countries 

Regulations 

Comprehensive and up-to-date standards. 

Examples: OSHA in the USA, EU-

OSHA in the European Union, KOSHA 

in South Korea, ISO 45001 [8, 9]. 

Existing regulations, although 

limited in their application. Example: 

NR-18 and NR-35 in Brazil, the 

Occupational Health and Safety Act 

in India, ISO 45001 [7, 88]. 

Existing regulations are very 

limited in their application 

Example: Bangladesh, Haiti, 

Nigeria [90]. 

Oversight 
Rigorous and frequent, reviewed by 

specialized agencies. 

Partially due to low resources and 

corruption of the system. (in 

countries like Brazil, India, and 

South Africa, according to the CPI 

[91]. 

Limited due to low resources, 

system corruption (in 

countries like Haiti and 

Afghanistan, according to the 

CPI) [91] and security 

culture. 

Training 
Mandatory and of high quality provided 

by regulatory organizations [8, 9]. 

Available, although not always 

accessible or practical [7]. 

Minimal workers are not 

trained. 

Technological Innovation 

Mandatory use of Personal Protective 

Equipment (PPE), virtual reality, AI, 

deep learning, BIM, and structural 

equation modelling (SEM). 

There are varied uses of PPE, more 

in massive projects but scarce in 

small ones, BIM, virtual reality 

studies, and real-time monitoring. 

PPE use is practically low; 

workers operate in precarious 

conditions. 

Safety Culture 
It is solid, promoting zero tolerance for 

violations of rules. 

Rudimentary, focusing more on 

productivity than on workplace 

safety. 

Almost non-existent, safety is 

not a priority. 

This study recognized that there were few studies on the 

revision or modification of standards since, in developed 

countries, they maintain their practical implementation, while 

in developing and less developed countries, their execution is 

partially effective. Gaps in inequality in scientific production 

were found with less contribution from less developed 

countries, low practical adoption of advanced technologies, 

and deficiency of safety regulations in many regions due to a 

lack of resources, research culture and little collaboration with 

other countries. Fall accidents are the second cause of death 

worldwide due to trauma or unintentional blows. It is 

estimated that annually, around 684,000 people die worldwide 

due to falls, and more than 80% of them are recorded in middle 

and low-income countries [95]. 

This bibliometric analysis and systematic review study 

faces the following limitations: i) the use of a merged database 

between Scopus and Web of Science (WoS), omitting other 

similar platforms such as Dimensions, ii) the research period 

covers from 1968 to October 2024, removing any research 

progress from the remaining months of 2024 and the first 

quarter of 2025, iii) documents indexed only in English. 

Integrating advanced technologies, such as artificial 

intelligence and virtual reality, into everyday safety practices 

is not yet well documented in terms of practical applicability 

and adoption by industry. This finding suggests the need for 

detailed case studies to demonstrate their efficacy and 

feasibility. Furthermore, a comprehensive assessment of the 

actual impact of current safety policies on reducing accidents 

and fatalities in construction is lacking, which limits our 

ability to assess the effectiveness of current and future 

interventions. Finally, variation in the perception and 

effectiveness of safety training due to cultural differences also 

represents an understudied area that, if addressed, could 

significantly improve the implementation of workplace safety 

programs tailored to specific cultural contexts. 

 

 

5. CONCLUSIONS 

 

This study analyzed 1,419 documents in the Scopus and 

WoS databases over 56 years related to Occupational Health 

and Safety, focusing on fall accidents in the construction 

sector. The evolution of the number of publications shows an 

initial linear trend, which changes exponentially from 1995 

onwards. The identified research trends stand out in 

implementing new technologies focused on accident 

prevention, such as the application of artificial intelligence, 

deep machine learning, virtual reality, and BIM modelling. In 

less-developed countries, regulations exist, although their 

application is incomplete because of the lack of resources and 

knowledge of current occupational safety regulations. 

Meanwhile, in developed countries, consolidated, exhaustive, 

and updated standards (e.g., OSHA, EU-OSHA, or ISO 45001) 

allow for adequate oversight, training, and innovation. 

From the perspective of bibliometric analysis, it can be seen 

that regulations on Occupational Health and Safety have been 

evolving since the creation of the International Labour 

Organization (ILO) in 1919, which stipulated international 

conventions to safeguard the health and safety of workers by 

preventing accidents (as stipulated in its Convention C187-

2006). These conventions are applied in each country, taking 

them as a basis for creating their safety standards and 

modifying them according to the emergence and application 

of new technologies in recent years (e.g., OSHA in the USA, 

EU-OSHA in the European Union, and KOSHA in South 

Korea). The international standard ISO 45001 is used by 

multinational organizations/companies and governments of 

developing and less-developed countries. 

This study shows that the enforcement of safety standards 

for preventing fall accidents in construction is enforced more 

in developed countries (such as the USA, the European Union, 

South Korea, and Japan) owing to their economic growth and 

efficient management of their resources. In developing 

countries (such as Brazil, Indonesia, and Turkey), enforcement 

is partially due to limitations in local safety standards and 

medium resources, and a lack of technological innovation in 

the country's system. Meanwhile, in less developed countries 

(such as Nigeria, Bangladesh, and Haiti), enforcement is not 

fully regulated because of scarce economic resources, lack of 

training for inspection personnel, poor safety culture, and 

corruption in the government system. 

From the perspective of the systematic review, based on 59 

documents, four subtopics were identified (causes, effects, 

prevention, and standards), to which the authors have 
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contributed their research on the prevention of fall accidents 

in the construction sector. An unsafe act is caused by a human 

factor or dangerous condition in the work area (e.g., non-use 

of PPE, lack of knowledge of regulations, psychological stress, 

and equipment in poor condition). These causes generate 

harmful effects detrimental to workers in the short, medium, 

and long term (e.g., decreased productivity, legal conflicts in 

the company, increased medical expense bills, and the 

emergence of disorders). Within prevention, new technologies 

that are booming in research have been identified, such as 

artificial intelligence, virtual reality, and machine learning, to 

create prevention models. It is recommended that this line of 

future research continues to improve current regulations. 

Regarding safety regulations, this review identified studies in 

which reports on occupational safety and health were 

examined. Defects in worker monitoring and incorrect 

company inspections are identified, leading to non-

compliance with legal regulations. In developed countries 

(such as South Korea and Japan), regulatory policies for 

preventing fall accidents in construction are being improved, 

taking the US OSHA standard as a suggestion. 

Since 2018, new technologies have emerged to enhance 

accident prevention, particularly in the area of fall prevention. 

Machine learning has been applied to develop predictive 

models that identify the causes of fall accidents, using tools 

such as Python’s Scikit-learn Random Forest Classifier. 

Virtual Reality (VR) is increasingly used in worker training, 

offering 360° simulations that help recognize hazards and risks, 

and allowing the assessment of acrophobia and anxiety 

management when working at heights. Additionally, 3D 

visualizations are being leveraged to strengthen the 

understanding of fall prevention strategies. Artificial 

Intelligence (AI) has also been introduced to monitor workers 

in real-time, ensuring compliance with safety standards 

through detection algorithms. These technological advances 

represent significant contributions to ongoing efforts to 

improve fall prevention practices. Therefore, conducting 

further in-depth research in these areas is critical to developing 

even more effective solutions.  

Despite the existence of standards and regulations, non-

compliance remains a persistent challenge. It is recommended 

that low- and middle-income countries reinforce the 

enforcement of safety standards by adopting strategies 

modeled after those of developed countries. This approach 

should include: 

i) Conducting regular audits of accident records.

ii) Managing and allocating funds to support worker

training initiatives, aligned with ISO 45001, International 

Labour Organization (ILO) guidelines, and Occupational 

Safety and Health Administration (OSHA) conventions, with 

a focus on identifying training needs, designing and 

implementing tailored programs. 

iii) Evaluating training effectiveness by documenting

activities, ensuring workers are registered with the national 

social security system, and monitoring the acquisition of 

knowledge and reduction of incidents. 

iv) Maintaining updated records of training activities and

revising programs whenever there are regulatory changes or 

the adoption of new technologies. 

Only through the combined advancement of technology and 

the rigorous application of safety standards will it be possible 

to significantly reduce fall-related incidents in the workplace. 
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