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ARTICLE TYPE: review paper  

Abstract: 
Introduction/purpose: This study presents a comprehensive analysis of the 
existing literature on armored vehicle crew safety through an integrated 
scientometric and scoping methodology.  
Methods: Data sourced from Scopus and Web of Science were employed 
to analyze a total of 197 documents following preprocessing and the 
removal of duplicates. Scientometric analysis was conducted utilizing 
ScientoPy and VOSviewer software to identify publication trends, keyword 
co-occurrence, and influential academic contributions. Furthermore, a 
scoping review based on the SPIDER framework was undertaken to 
synthesize critical insights related to whole-body vibration (WBV), vehicle 
design, and safety technologies.  
Results: The findings indicate that the installation of bulletproof armor 
significantly reduces WBV exposure levels, with reductions ranging from 
10% to 20%. These reductions are attributed to modifications in vehicle 
mass distribution and stiffness. Advanced materials, such as aluminum 
alloys, were identified as essential for enhancing blast resistance and 
vibration mitigation. The results emphasize the importance of structural 
modifications and adaptive technologies, including enhanced suspension 
systems, in managing WBV and improving overall crew safety.  
Conclusion: This study establishes a robust foundation for future research, 
underscoring the necessity for optimized vehicle designs and integrated 
safety strategies to address the physiological and psychological stressors 
encountered by armored vehicle crews. 

Key words: armored vehicle crew, whole-body vibration, scientometric 
analysis, scoping review, bulletproof armor. 

Introduction  
Armored vehicles are crucial in modern military operations, with 

various types serving specific functions. Tanks, for instance, are heavily 
armored and armed vehicles designed for frontline combat. They engage 
enemy forces with powerful weaponry while providing substantial 
protection for their crews, making them essential for penetrating enemy 
lines and delivering direct fire support (Radovanović et al, 2023). Armored 
Personnel Carriers (APCs) are built to transport infantry safely to the 
battlefield, offering protection against small arms fire and shrapnel. While 
they are less heavily armed than tanks, APCs play a vital role in ensuring 
the mobility and safety of troops in combat zones (Kokhan, 2023). Infantry 
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Fighting Vehicles (IFVs) are similar to APCs but feature heavier armament, 
allowing them to support infantry through direct fire and engage enemy 
forces more effectively. They strike a balance between firepower, 
protection, and mobility, making them versatile in various combat 
scenarios (Zelenyukh et al, 2020). The development and enhancement of 
these vehicles focus on improving protection, mobility, and operational 
efficiency. Modern advancements include optimizing design layouts, 
enhancing mine resistance, and utilizing high-strength materials to bolster 
protective capabilities (Zelenyukh et al, 2020). The effectiveness of 
armored vehicles in specific roles, such as technical reconnaissance, is 
assessed using specialized indicators, including the technical intelligence 
efficiency factor which helps evaluate their performance in diverse 
operational contexts (Kovtun et al, 2020; Jasman et al, 2018). The 
selection of military vehicles, including armored types, is guided by quality 
indicators that consider tactical and technical characteristics, ensuring 
they meet the demands of armed forces in challenging environments 
(Kokhan, 2023; Radzi et al, 2025). In summary, the strategic deployment 
and continuous enhancement of armored vehicles are essential for 
achieving military objectives and ensuring the safety and effectiveness of 
military operations. 

Safety in armored vehicle operations is crucial due to unique and 
multifaceted risks faced by crews, especially in combat zones where these 
vehicles often become prime targets for attacks involving mines and 
improvised explosive devices (IEDs) (Kaidalov et al, 2023). The design of 
vehicle hulls, particularly double-V hulls (DVH), plays a key role in 
mitigating blast impacts by optimizing load transfer paths and reducing 
injury risks for occupants. Additionally, advancements in materials, such 
as aluminum alloys, improve resistance to mines and enhance energy 
absorption, thus increasing crew survivability (Cong et al, 2021; Bisyk et 
al, 2023). However, the confined interiors of armored vehicles can worsen 
injury severity—such as burns, extremity injuries, and exposure to 
depleted uranium—by complicating evacuation and medical treatment. 
Conditions like traumatic brain injuries and bone fractures require 
advanced medical intervention and effective evacuation systems (Li et al, 
2023; Khorram-Manesh et al, 2021; Sheng & Solah, 2022). Moreover, 
psychological challenges stemming from high-stress combat 
environments, coupled with prolonged operations in cramped spaces and 
extreme temperatures, further undermine operational effectiveness. This 
highlights the necessity of addressing both physical and mental health 
concerns (Ameen et al, 2022). Together, these challenges emphasize the 
urgent need for integrated safety systems, innovative vehicle designs, and 
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2 comprehensive crew training to enhance operational effectiveness and 

resilience in armored vehicle missions. 
Effective safety protocols are essential for preventing injuries and 

fatalities among crews of armored or combat vehicles, directly impacting 
operational readiness and mission success. The development and 
implementation of advanced protection strategies for military equipment, 
such as armored combat vehicles, are crucial for safeguarding personnel 
against various threats (Gijsbertse et al, 2021; Jasman et al, 2018). 
Integrating individual armor protection into training methodologies 
enhances service members' survivability by adapting firing techniques and 
regulations to accommodate the additional protection, thereby improving 
their response speed and mobility in combat (Gijsbertse et al, 2021; 
Schram et al, 2019). Furthermore, the application of systematic safety 
management systems, such as the Injury and Illness Prevention Program 
(IIPP), which includes error reduction techniques, can significantly 
enhance the organization of safety committees and engagement in hazard 
analyses, fostering a safer operational environment (Koshy et al, 2019; 
Radzi et al, 2024b). The Hazard and Operability Study (HAZOPS) method 
is also vital for identifying and mitigating potential hazards, underscoring 
the importance of personal protective equipment (PPE) in minimizing the 
risk of accidents and occupational diseases (Noor Arzahan et al, 2022).  

Additionally, the implementation of advanced accident detection and 
alert systems in vehicles can expedite emergency responses and provide 
critical location data, thereby reducing the time required to address 
incidents and enhancing crew safety (Alsayaydeh et al, 2023). Collectively, 
these safety measures not only protect the crew but also ensure that 
vehicles and personnel are consistently prepared for deployment, 
contributing to the overall success of military missions. By prioritizing 
safety, military operations can maintain high levels of readiness and 
effectiveness, ultimately leading to successful mission outcomes and the 
preservation of human life. 

The increasing complexity of safety challenges in high-stress and 
hazardous environments calls for a structured evaluation of existing 
research to guide innovation and address knowledge gaps. Scientometric 
analysis has emerged as a powerful tool for systematically mapping 
research trends, identifying influential contributions, and assessing the 
application of statistical methodologies to advance the field (Donthu et al, 
2021). Complementing this approach, scoping reviews provide a 
comprehensive method for exploring and synthesizing the current state of 
knowledge, offering a broader perspective on various methodologies and 
applications (Munn et al, 2018). In the safety domain, the use of statistical 
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tools and database analyses is crucial for predictive modeling of blast 
impacts (Nguyen et al, 2019), analyzing human factors under high-stress 
conditions (Xie & Guo, 2018), and optimizing protective system designs 
through database-driven methods (Karr et al, 2007). Techniques such as 
machine learning algorithms and bibliometric databases are widely utilized 
to enhance precision and effectiveness (Huo et al, 2024). Moreover, 
significant advancements in armored crew safety—including lightweight 
composite materials, ergonomic vehicle designs, and digital innovations 
like IoT-based monitoring and augmented reality training—highlight the 
potential for transformative progress (Wibneh et al, 2024). Despite these 
advancements, persistent gaps in material scalability, human-system 
integration, and the application of emerging technologies underscore the 
necessity of this review to establish a critical foundation for future research. 

Method and analysis design 
Scientometric analysis 
Scientometric analysis is a widely used methodological framework for 

evaluating and interpreting large scientific data sets. This approach 
deepens our understanding of the development of specific academic fields 
(Donthu et al, 2021). The application of scientometric parameters to 
assess research quality has become increasingly prevalent. Researchers 
utilize scientometric analysis for various purposes, such as identifying 
emerging trends and evaluating journal performance (Struck et al, 2021). 
Additionally, it aids in investigating collaboration patterns, research 
components, and publication trends within specific research domains 
(Wachsmann et al, 2019; Abdullah, 2022b). Moreover, scientometric 
analysis elucidates the intellectual structure of particular areas of inquiry, 
as demonstrated in several published studies (Simao et al, 2021). This 
study applies scientometric analysis to examine research publication 
patterns related to armored vehicle crew safety in military environments. 
The objective is to identify countries actively publishing in this field and to 
analyze the themes and subthemes reflected in the authors' keywords. 

Scoping analysis 
The primary objective of scoping reviews is to identify and categorize 

the diverse types of evidence that exist within a particular field (Munn et al, 
2018). This study aims to explore the critical elements associated with 
armored vehicle crew safety in military environments by synthesizing the 
existing literature in this domain. Through this scoping review, the 
objective is to identify knowledge gaps and emphasize areas necessitating 
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2 further investigation. To accomplish this, the five-step scoping review 

framework developed by Arksey & O'Malley (2005) is employed: 
1) Establishing the research question, 
2) Identifying relevant studies, 
3) Selecting studies, 
4) Data charting and 
5) Reporting results. 
 
Establishing research question 

The SPIDER tool (Sample, Phenomenon of Interest, Design, 
Evaluation, Research Type) offers a systematic approach for synthesizing 
research findings, especially in complex fields like armored vehicle crew 
safety. By organizing data around essential components of study design 
and evaluation, this framework enables a thorough examination of trends, 
innovations, and gaps in the existing literature (Cooke et al, 2012). As a 
result, it enhances our understanding of both the advancements and the 
challenges related to improving crew protection. 

Research question: 
What are the key findings from previous studies on armored vehicle 

crew safety, analyzed through the SPIDER framework, concerning 
innovations, design approaches, and evaluation methodologies? 

Identifying relevant studies 

Database 
Accessing scientific publications across journals, repositories, 

archives, and other collections necessitates the utilization of databases 
and search engines (Abdullah & Abd Aziz, 2020). For the purposes of this 
study, the Scopus and Web of Science (WoS) databases were selected to 
analyze scientometric and scoping indicators. These databases were 
chosen due to their emphasis on the impact of document citations in 
comparison to other databases (Vieira & Gomes, 2009). Furthermore, 
modifications were implemented to ensure the validity of the coverage 
analysis, encompassing enhancements in metadata accuracy, document 
category classification, and discipline assignment. Consequently, both 
Scopus and WoS prioritize these factors (Stahlschmidt & Stephen, 2022). 

Search strategy  
After identifying the relevant keywords, a search was conducted 

utilizing an encyclopedia to identify synonyms. Table 1 presents the search 
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criteria employed to compile lists of publications from the Scopus and WoS 
databases. This search was conducted in October 2024 and 
encompassed titles, abstracts, and keywords from both databases. It is 
important to note that no restrictions were applied to the retrieved data 
during this phase, including limitations related to date, publication type, or 
language. 

Table 1 – Search strategy for extracting data from the Web of Science and Scopus 
databases 

 

Database Search strategy Records 
Web of 
Science 

Topic: ("armoured vehicle" OR "Armored vehicle" OR 
"Armored car" OR "combat vehicle" OR "fighting vehicle" OR 
"Armored Personnel Carrier" OR "Battle Tank" OR "main 
battle Tank" OR "Infantry Fighting Vehicle" OR "Armored 
Fighting Vehicle" OR "Armored troop carrier" OR "Protected 
mobility vehicle" OR "military combat vehicle") AND ("safety" 
OR "Security" OR "protection") AND ("soldier" OR "Driver" OR 
"crew" OR "operator" OR "gunner" OR "commander" OR 
"operators") 

28 

Scopus Article Title, Abstract, Keywords:  ("armoured vehicle" OR 
"Armored vehicle" OR "Armored car" OR "combat vehicle" OR 
"fighting vehicle" OR "Armored Personnel Carrier" OR "Battle 
Tank" OR "main battle Tank" OR "Infantry Fighting Vehicle" 
OR "Armored Fighting Vehicle" OR "Armored troop carrier" 
OR "Protected mobility vehicle" OR "military combat vehicle") 
AND ("safety" OR "Security" OR "protection") AND ("soldier" 
OR "Driver" OR "crew" OR "operator" OR "gunner" OR 
"commander" OR "operators") 

222 

Software  
ScientoPy and VOSviewer are two widely utilized research tools 

within academic contexts. ScientoPy, a Python script, is specifically 
designed to extract valuable information from research articles, including 
primary subjects, authors, countries, and related documents. By 
employing keywords provided by authors, ScientoPy generates insights 
and aids in mitigating potential biases that may arise from independent 
investigations (Ruiz-Rosero et al, 2019). However, it is crucial to recognize 
that the analysis of studies based on author names may still introduce bias, 
particularly in instances of name similarities (Ruiz-Rosero et al, 2019). 

VOSviewer, developed by Van Eck & Waltman (2010), is a software 
application that facilitates co-occurrence analyses of keywords, 
particularly in the context of armored vehicle crew safety challenges in 
military environments. It utilizes sophisticated mapping techniques to 
transform CSV data into visually informative diagrams or clusters 
(Abdullah, 2022a). These mapping strategies offer significant potential 
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2 benefits for researchers seeking to analyze specific data points, such as 

authors' keywords (Abd Aziz et al, 2021). 

Selecting studies 

Publications merge and removal of duplicates 
The data from both databases were compiled and processed utilizing 

ScientoPy. During this stage, the data underwent standardization. This 
process involved substituting commas in the authors' names with 
semicolons, eliminating periods, commas, and distinctive formatting from 
the authors' names, and removing duplicate entries with identical titles and 
authors. Employing this methodology enhances the accuracy and 
reliability of the datasets. The results of the preprocessed data are 
presented in Diagram 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Diagram 1 – Flow diagram of the research of databases and registers 

Records identified from*: 
Databases (n = 250) 
Scopus = 222 
WoS = 28 

 

Records removed before 
screening: 

Selection based on 
document types  

(n = 24) 
 

Loaded papers (n = 226)  
Scopus (28); WoS (198) 

Omitted papers by 
duplicates removal 

(n = 29) 
Scopus = 29 
WoS = 0 

 Total papers after omitted 
duplicates 
 (n = 197) 

Reports assessed for eligibility 
(n =197) 

Studies included in the review 
(n = 197) 

Scopus = 169 
WoS = 28 

Identification of publications via Scopus and WoS databases 

Id
en

tif
ic

at
io

n 
Sc

re
en

in
g 

 
In

cl
ud

ed
 



 

677 

R
ad

zi
, E

.M
. e

t a
l, 

En
ha

nc
in

g 
ar

m
or

ed
 c

re
w

 s
af

et
y:

 a
 s

ci
en

to
m

et
ric

 a
nd

 s
co

pi
ng

 re
vi

ew
 o

f k
ey

 tr
en

ds
, c

ha
lle

ng
es

, a
nd

 in
no

va
tio

ns
, p

p.
66

9-
69

7  

Figure 1 presents an overview of the preprocessing phase pertaining 
to research documents sourced from two databases: the Web of Science 
(WoS) and Scopus, within the framework of armored vehicle crew safety. 
The chart delineates the total number of documents processed and 
underscores the percentage of duplicate documents that were eliminated. 
Notably, no duplicates were removed from the WoS, indicating that all 
documents included were unique. In contrast, 15% of the documents from 
Scopus were classified as duplicates and subsequently discarded, leaving 
the remainder available for analysis. This preprocessing phase is essential 
for ensuring the accuracy and relevance of the data by removing 
redundant studies, thereby facilitating a more focused and efficient 
analysis of research trends and key findings related to crew safety. The 
elimination of duplicates refines the final dataset, thereby enhancing the 
quality of the subsequent scientometric and scoping review. 

Diagram 1 offers additional insights by showing that the source 
dataset comprises 250 papers obtained from the WoS and Scopus 
databases. ScientoPy's automated categorization process eliminated 24 
documents, which included books, letters, and errata, while classifying the 
remaining publications into various categories such as conference papers, 
articles, reviews, proceedings papers, and press articles. After the data 
reconciliation process, this study utilized a total of 197 entries from both 
databases: 28 papers from WoS and 169 from Scopus. Additionally, 29 
duplicate entries from Scopus were removed. 

 
 
 
 
 
 
 

 
 

Figure 1 – Data combination and duplicates removal 

Data charting 
The publication growth graph exemplifies the evolution of publishing 

within the Scopus and WoS databases, offering significant insights into 
overarching publication trends. In order to attain a more comprehensive 
understanding of the articles selected in the preceding stage, we analyze 
the progression of the top 10 authors' keywords and investigate the co-
occurrence of these keywords. 
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In alignment with the objectives of our study, we have prepared a 
succinct summary and report of our findings. We employed ScientoPy to 
analyze the growth of publications, identify countries actively engaged in 
research, and investigate relevant keywords. To assess the co-occurrence 
of authors' keywords, we utilized VOSviewer as a descriptive metric. It is 
noteworthy that a minimum of two keywords is required to generate co-
occurrence results for authors' keywords using VOSviewer. Furthermore, 
we systematically reviewed and modified the thesaurus files to prevent 
duplication of authors' keywords, adhering to the recommendations of 
Abdullah (2022a). 

The scoping review methodology aims to provide a comprehensive 
overview of the existing research within a specific field. A primary objective 
of conducting a scoping study is to identify gaps or deficiencies in the 
current literature. In this study, we sought to thoroughly examine and 
describe the current state of research on armored vehicle crew safety 
challenges in military environments, as well as to identify areas where the 
literature is lacking. To conduct this analysis, we utilized articles obtained 
from Scopus and WoS, which were preprocessed using ScientoPy. The 
specific inclusion criteria for this scoping review are detailed in Table 2. 

 
1) Written in English, 
2) Published since 2013, 
3) Describe primary research, and 
4) Use the keyword “whole-body vibration” in the authors’ keywords. 

Results 
Scientometric outcome 

Publication growth 
Figure 2 illustrates the temporal trends in publications related to 

armored vehicle crew safety, drawing on data from two prominent 
academic databases: Scopus and WoS, encompassing the years from 
1996 to 2024, including some projected future data points. Notable 
findings indicate a substantial increase in publications around 2006 within 
Scopus, where over 25 documents were produced, representing a zenith 
of research activity during that period. Following this peak, the number of 
publications exhibited a gradual decline; however, a resurgence 
commenced around 2014, characterized by a consistent output of 
documents from 2015 to 2024. Conversely, WoS has consistently yielded 
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a lower volume of publications over the years, maintaining a stable rate of 
output with sporadic minor increases, particularly noted in 2008 and 2016. 
This trend implies that while Scopus has undergone phases of heightened 
research engagement, WoS has sustained a more subdued, yet stable, 
contribution to the literature concerning armored vehicle crew safety. The 
discrepancies in the publication volume between the two databases may 
reflect differing research emphases or coverage of the subject matter 
within these sources. 

The increasing scholarly focus on the safety of armored vehicle crews 
reflects a broader recognition of the critical need to enhance survivability 
and operational safety for military personnel. This is evident in various 
research efforts aimed at addressing different aspects of military safety 
and health. For instance, the PREPARE study protocol underscores the 
importance of assessing and mitigating risks associated with 
musculoskeletal injuries among service members, which is crucial for 
maintaining operational readiness and ensuring safety in high-risk 
environments, such as those involving armored vehicles (Butowicz et al, 
2022). Furthermore, the development of advanced protective clothing, 
including graphene-based intelligent personal protective equipment, 
highlights ongoing efforts to improve protection technologies against 
chemical threats relevant to armored vehicle crews who may encounter 
such hazards in combat situations (Giurgiu et al, 2023; Witte & Schwarz, 
2023).  In addition, research on the effects of load carriage on landing 
techniques provides insights into the physical demands placed on military 
personnel, including those operating armored vehicles, and the potential 
for injury, thereby informing safer operational practices (Witte & Schwarz, 
2023). The implementation of mobile ultrasound vascular assessments in 
remote and conflict areas illustrates innovative approaches to healthcare 
delivery, ensuring that military personnel, including armored vehicle crews, 
have access to essential medical evaluations even in challenging 
environments (Jasman et al, 2018; Kaidalov et al, 2023; Radzi et al, 2025). 
Lastly, the long-term safety analysis of apremilast for conditions such as 
psoriasis and psoriatic arthritis, while not directly related to the safety of 
armored vehicle crews, exemplifies the broader commitment to ensuring 
the health and well-being of military personnel through safe and effective 
medical treatments (Prasanna et al, 2019). Collectively, these diverse 
research initiatives contribute to a comprehensive strategy aimed at 
enhancing the safety and effectiveness of armored vehicle crews, 
reflecting a growing recognition of the importance of this issue in military 
operations. 
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Figure 2 – Evolution of publication growth (Source: Author, using ScientoPy 2.1.3) 

Most influential academic works 
Figure 3 provides an overview of the most influential academic works 

on armored vehicle crew safety, highlighting institutional contributions 
based on the total number of documents published and the percentage of 
recent outputs (2022–2024). The Silesian Technical University in Poland 
stands out as the most influential institution, contributing the highest total 
number of publications, with 25% of its research outputs produced during 
the 2022–2024 period. In contrast, the China Agricultural University and 
the China North Vehicle Research Institute emerge as key contributors in 
the recent period, with 100% of their works published between 2022 and 
2024, demonstrating their concentrated efforts and growing influence. 
While institutions from Germany, India, Malaysia, and Canada made 
significant earlier contributions, their lack of recent publications highlights 
a shift in research leadership, with Polish and Chinese institutions now 
driving the advancements in the field of armored vehicle crew safety. 

 

 

 

 

 

 
 

Figure 3 – Bar graph of institution trends  
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Authors’ keywords  
Figure 4 illustrates the distribution of authors’ keywords pertinent to 

armored vehicle crew safety, comparing publications prior to 2022 with 
those published between 2022 and 2024. The keyword "armored vehicle" 
emerges as the most frequently utilized term, appearing in 75% of the 
related documents published during the latter period, which indicates a 
notable increase in scholarly focus on this subject. Additionally, the 
keywords such as "protection" and "whole-body vibration" demonstrate 
significant recent interest, accounting for 33% of the documents published 
between 2022 and 2024. This trend suggests that these domains are 
increasingly being investigated to enhance crew safety. In contrast, 
several other critical keywords, including "simulation," "uranium, depleted," 
"automated turret," "inhalation," "blast protection," "criterion of injuries," 
and "Madymo," have not been featured in recent publications (0% in 2022-
2024), which may imply either a saturation of research in these areas or a 
pressing need for renewed inquiry. These findings underscore that while 
conventional safety aspects such as protection are attracting greater 
recent attention, other vital areas may necessitate further investigation to 
address the evolving challenges associated with armored vehicle crew 
safety. 

 
 
 
 
 
 
 

 
 
 
 
 

Figure 4 – Bar graph of the trend in research themes and emerging topics (Source: 
Author, using ScientoPy 2.1.3) 

 
Figure 5 illustrates the overlay visualization generated by VOSviewer 

for armored vehicle crew safety, depicting the progression of research 
themes from 2017 to 2020. Initial research, represented by yellow and 
green nodes, concentrated on addressing critical threats and injury 
prevention, with terms such as "improvised explosive device," "criterion of 
injuries," "shock wave," and "blast protection." These keywords 
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impacts of explosive devices and associated injuries in earlier studies. As 
the timeline advances into 2018-2019 (blue and purple nodes), the focus 
transitions toward "protection" and "mobility," indicating an increased 
research interest in protective gear and ensuring crew mobility under 
armored conditions. More recently, in 2020 (red nodes), scholarly attention 
has expanded to encompass topics such as "suspension" and "vibration," 
reflecting a growing interest in vehicle dynamics and crew comfort. These 
latter keywords denote ongoing efforts to optimize vehicle design to 
minimize vibration and enhance safety and comfort for the crew. This 
timeline reveals an evolving research trajectory, transitioning from threat 
mitigation to improving overall vehicle and crew performance. 

These findings indicate a clear evolution in the research focus on 
armored vehicle crew safety. Initially, efforts were primarily directed toward 
understanding and mitigating immediate threats such as improvised 
explosive devices and blast-related injuries. However, over time, the 
emphasis has shifted toward enhancing protective measures, improving 
crew mobility, and refining vehicle dynamics. The recent focus on 
suspension and vibration suggests that the field is now concerned not only 
with safeguarding the crew from external threats but also with optimizing 
vehicle design to improve comfort and reduce long-term health risks 
associated with vibrations and other mechanical stresses. This 
progression reflects a holistic approach to crew safety, integrating 
immediate protection with considerations for long-term well-being. 

 
 

 

 

 

 

 
 

 
 

Figure 5 – Co-occurrence of authors’ keywords 
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Scoping outcomes 
This section provides a comprehensive examination of armored 

vehicle crew safety. Conducting this analysis represents a critical initial 
step in identifying knowledge gaps and guiding future research endeavors. 
Furthermore, it enhances the existing body of knowledge and establishes 
best practices within the field. To support this analysis, qualitative research 
questions were formulated, and the SPIDER tool was utilized as the search 
strategy. Table 2 presents a compilation of publications derived from the 
extended author keywords sourced from ScientoPy. Initially, the data in 
Table 2 were collected from a total of two documents. It is essential to note 
that this study focuses specifically on the scoping analysis of research 
articles; therefore, records that are not classified as research papers have 
been excluded at this stage. 

 
Table 2 – List of inclusive publications  

 
 
 
 

No Sources Sample 
Phenomenon 

of  
interest 

Design Evaluation Research 
type 

1. Alfaro 
Degan et 
al. (2017) 

Compared 
whole-body 
vibration 
(WBV) 
exposure 
between a 
standard 
vehicle and an 
identical 
bulletproof 
armored 
vehicle, using 
the same 
driver for both 
to ensure 
consistent 
measurement 
conditions. 

Focuses on 
how vehicle 
characteristics
, especially 
bulletproof 
armor, 
influence WBV 
exposure in 
armored 
vehicle drivers 
and its 
potential 
impact on the 
risk of 
musculoskelet
al injuries. 

Measured 
WBV 
exposure in 
two phases: 
first in a 
standard 
vehicle, and 
then in the 
same 
vehicle 
model 
modified 
with 
bulletproof 
armor, both 
conducted 
on a 
curvilinear 
urban road 
under 
consistent 
conditions 
for reliable 
comparison 

The 
installation 
of 
bulletproof 
armor 
altered the 
car's mass 
distribution 
and weight, 
leading to 
reduced 
WBV 
exposure, 
highlighting 
the 
significant 
impact of 
vehicle 
modification
s on WBV 
levels 
according to 
ISO 2631-
1(1997) 
standards 

Quantitative 
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Discussion 
The analysis of the keywords conducted in this study reveals a 

significant relationship between key methodologies—such as notational 
analysis, multivariate analysis, and kinetics—and their roles in evaluating 
and improving the safety of armored vehicle crews. Notational analysis, in 
particular, was identified as a crucial tool for systematically tracking and 
assessing crew actions, responses, and operational patterns. This 
approach facilitates the identification of performance gaps and 
opportunities to enhance safety in combat conditions. Additionally, this 
study examined the role of user state evaluations, underscoring the 
importance of understanding crew members' mental states and their 
interactions with human-machine interfaces. This comprehension is 
essential for developing tailored design solutions that support decision-
making in high-stress environments (Witte & Schwarz, 2023). Furthermore, 
our analysis of factors influencing combat survivability—such as vehicle 
speed, acceleration, and detection distance—highlights the significance of 
accurate mobility predictions and logical operator actions in maintaining 
operational effectiveness and crew safety (Ostashevskiy & Piatkov, 2019). 

No Sources Sample 
Phenomenon 

of  
interest 

Design Evaluation Research 
type 

2. Alfaro 
Degan et 
al. (2016) 

Involving 14 
subjects 
driving urban 
vehicles, 
aimed to 
assess how 
vehicle 
armoring 
impacts 
whole-body 
vibration 
(WBV) 
exposure. 

Investigates 
how the 
installation of 
bulletproof 
armor in 
armored 
vehicles 
impacts WBV 
exposure and 
the related 
health risks for 
professional 
drivers. 

Utilized a 
case study 
approach 
with two 
sampling 
campaigns, 
comparing 
the 
performance 
of a 
standard 
vehicle and 
the same 
model 
modified 
with armor 
plating 
under 
controlled 
conditions 
for accurate 
comparison. 

Indicates 
that vehicle 
characteristi
cs, 
particularly 
the 
installation 
of 
bulletproof 
armor, 
significantly 
impact 
whole-body 
vibration 
(WBV) 
exposure, 
reducing the 
WBV dose 
by 10% to 
20% 
depending 
on the 
driver's 
individual 
characteristi
c. 

Quantitative 
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The research provides evidence that advanced numerical simulations are 
vital for assessing the effects of explosive impacts and injury mechanisms, 
thereby contributing to the development of robust protection systems for 
armored vehicles. 

The findings further demonstrate that the adverse effects of 
suspension and vibration on crew members are multifaceted, affecting 
both physiological and psychological aspects that compromise overall 
safety performance. Our analysis identifies whole-body vibration (WBV) as 
a significant risk factor for musculoskeletal pain, particularly low back pain 
(LBP), which is exacerbated by prolonged sitting and constrained postures 
during vehicle operation (Alfaro Degan et al, 2016; Bisyk et al, 2023). 
Moreover, cognitive performance significantly declines under vibration 
exposure, especially when compounded by occupational stressors typical 
in combat scenarios, such as elevated heart rate and respiratory frequency 
(Ismail et al, 2024; Aida et al, 2023). These findings underscore the 
necessity for strategies to mitigate both physical and psychological 
stressors, including enhanced ergonomic designs and technologies to 
reduce vibration exposure. This research identifies these areas as critical 
for improving safety outcomes and operational efficiency for armored 
vehicle crews. 

Future directions emerging from this study emphasize the importance 
of integrating autonomous systems, hybrid vehicle designs, and advanced 
materials to bolster vehicle survivability and crew protection. The results 
suggest that incorporating technologies such as hybrid powertrains, blast-
resistant materials, and IoT-based monitoring systems can provide more 
effective protective measures while enhancing vehicle performance 
(Piancastelli et al, 2023). Concurrently, our analysis stresses the necessity 
for standardized international safety protocols and collaborative efforts 
among stakeholders—including vehicle manufacturers, technology 
developers, and military organizations—to address the evolving 
challenges of military operations (Giurgiu et al, 2023; Hassan et al, 2020). 
Ultimately, this study underscores the critical need for comprehensive 
research into the long-term health impacts of WBV and blast exposure to 
inform future advancements in armored vehicle crew safety (Prasanna et 
al, 2019). 

Based on a scoping analysis that examines the effects of bulletproof 
armor installation on WBV exposure among armored vehicle drivers, this 
study investigates how vehicle modifications impact vibration levels and 
associated health risks. The results indicate that the installation of 
bulletproof armor, primarily intended to enhance protection, can 
significantly reduce WBV exposure by 10% to 20%, depending on driver-
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2 specific characteristics. This reduction is largely attributable to changes in 

vehicle mass and stiffness dynamics, as evidenced by our findings and 
supported by Alfaro Degan et al. (2017). The analysis reveals that the 
increased weight from armor installation lowers frequency-weighted root 
mean square (RMS) acceleration values, thereby attenuating WBV across 
various frequency spectra. Furthermore, advanced vehicle designs, such 
as anti-mine shields composed of aluminum alloy components, modify 
energy absorption and vibration response, leading to decreased WBV 
levels by influencing resonant frequencies (Bisyk et al, 2023). These 
findings underscore the significance of vehicle structure and weight 
distribution resulting from armor installation in mitigating WBV exposure 
and enhancing safety for armored vehicle drivers. 

Additionally, this research highlights the necessity of optimizing 
vehicle design and implementing structural modifications to manage WBV. 
It demonstrates that careful adjustments to vehicle stiffness and mass 
properties can effectively reduce vibration amplitudes, similar to the results 
observed in vibration suppression technologies utilized in other 
transportation sectors (Aida et al, 2023). For instance, the baseline 
sensitivity method, which optimizes structural noise and vibration through 
strategic mass attachments, aligns with our findings that appropriate armor 
placement and material selection can minimize WBV levels across critical 
frequency peaks (Hong & Yoshimura, 2024). While not the primary focus 
of this study, it acknowledges advanced seat technologies and adaptive 
suspension systems as complementary solutions for further reducing 
vibration exposure. Overall, these findings suggest that the combined 
effects of bulletproof armor installation and structural modifications present 
a significant opportunity to mitigate WBV risks, thereby enhancing both 
driver safety and operational comfort. This study contributes to a deeper 
understanding of the engineering implications of armor installation, paving 
the way for future advancements in armored vehicle design and WBV 
management. 

Armored vehicle crew safety is intricately linked to Sustainable 
Development Goal 3 (SDG 3), which emphasizes the need to mitigate the 
physiological and psychological impacts associated with operating in high-
stress environments. Acute stress reactions (ASRs) are prevalent among 
military personnel, with 17.2% of soldiers reporting such experiences 
during combat, underscoring the necessity for effective prevention and 
management strategies to ensure the safety and well-being of the crew 
(Nordstrand et al, 2024; Radzi et al, 2024a).  

The PREPARE study highlights the importance of addressing non-
battle-related musculoskeletal injuries (MSKIs), which represent 



 

687 

R
ad

zi
, E

.M
. e

t a
l, 

En
ha

nc
in

g 
ar

m
or

ed
 c

re
w

 s
af

et
y:

 a
 s

ci
en

to
m

et
ric

 a
nd

 s
co

pi
ng

 re
vi

ew
 o

f k
ey

 tr
en

ds
, c

ha
lle

ng
es

, a
nd

 in
no

va
tio

ns
, p

p.
66

9-
69

7  

significant medical issues affecting service member readiness. By 
identifying the physical and psychosocial factors that contribute to MSKI 
risks, the study seeks to enhance rehabilitation and risk mitigation 
strategies, thereby supporting the health and safety of military personnel 
(Butowicz et al, 2022; Radzi, 2024). Proactive psychological programs, as 
examined in the systematic analysis, demonstrate modest effectiveness in 
reducing posttraumatic stress injuries (PTSIs) and promoting 
psychological wellness through resilience and stress management 
strategies, which are critical for maintaining the mental health of individuals 
exposed to potentially traumatic events (Di Nota et al, 2021; Radzi et al, 
2024a). The PRISMO study further underscores the long-term mental 
health impacts of military deployment, identifying biological and 
psychological factors that contribute to stress-related conditions, thereby 
informing strategies to support mental health post-deployment (Van Der 
Wal et al, 2020). Moreover, resilience has been shown to serve as a 
protective factor against psychiatric and physical health issues in combat-
exposed veterans, suggesting that fostering resilience can mitigate the 
adverse effects of combat exposure, ultimately enhancing overall well-
being (Di Nota et al, 2021; Radzi, 2024). Collectively, these studies 
highlight the multifaceted approach required to improve armored vehicle 
crew safety by addressing both physical and psychological health in 
alignment with the objectives of SDG 3. 

Conclusion 
The analysis presented in this study demonstrates that the installation 

of bulletproof armor in armored vehicles significantly influences WBV 
exposure levels, offering critical insights into the interaction between 
vehicle modifications and vibration mitigation. The results indicate that the 
addition of armor leads to a reduction in WBV exposure by approximately 
10% to 20%, with variations attributed to vehicle mass distribution and 
specific driver characteristics. This reduction is primarily a consequence of 
alterations in the vehicle's stiffness and mass properties, which effectively 
decrease RMS acceleration values within critical frequency ranges, in 
accordance with ISO 2631-1 standards for vibration exposure. 

Furthermore, the findings underscore the necessity for optimized 
vehicle designs that incorporate advanced structural modifications to 
manage WBV effectively. The study emphasizes the importance of 
integrating vibration-suppression technologies, such as enhanced 
suspension systems and structural improvements, to further mitigate WBV 
exposure. By addressing both protective and ergonomic dimensions of 
vehicle design, this research establishes a framework for enhancing the 
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2 safety and comfort of armored vehicle crews. These conclusions highlight 

that vehicle modifications aimed at improving survivability must also 
account for their impact on long-term crew health and operational 
efficiency. 

Limitation of the current study 
The inclusion of the publication list represents a significant limitation 

of this study. Although the analysis of scientometrics and scoping is 
founded on the Scopus and Web of Science (WoS) databases, future 
researchers could enhance the findings by also integrating data from 
Google Scholar, PubMed, and the Education Resources Information 
Center (ERIC). 

Contribution to the body of knowledge and practices 
This research contributes to the existing body of knowledge by 

systematically applying scientometric and scoping methods to evaluate 
publication trends, key research themes, and knowledge gaps related to 
armored vehicle crew safety. Through these methodologies, the study 
identified critical areas necessitating further exploration, such as the 
effects of WBV on crew health and the role of vehicle modifications in 
mitigating vibration exposure. The scientometric analysis elucidated 
publication growth patterns and the contributions of the leading institutions, 
thereby providing a clearer understanding of global research activity in this 
domain. Concurrently, the scoping review categorized evidence pertaining 
to technological advancements, including vehicle design modifications and 
material innovations, thereby emphasizing their potential impact on 
reducing WBV and enhancing blast protection. Collectively, these 
methodological approaches establish a robust foundation for advancing 
research priorities, guiding future inquiries, and informing the development 
of targeted safety strategies for military personnel operating armored 
vehicles. 

References 

Abd Aziz, F.S., Abdullah, K.H. & Samsudin, S. 2021. Bibliometric analysis of 
behavior-based safety (BBS): three decades publication trends. Webology, 
18(Special Issue on Information Retrieval and Web Search), pp.278-293. 
Available at: https://doi.org/10.14704/WEB/V18SI02/WEB18072. 

Abdullah, K.H. 2022a. Mapping of literature on risk assessment research 
using ScientoPy and VOSviewer. Journal of Metrics Studies and Social Science, 
1(1), pp.36-49. Available at: https://doi.org/10.56916/jmsss.v1i1.75 



 

689 

R
ad

zi
, E

.M
. e

t a
l, 

En
ha

nc
in

g 
ar

m
or

ed
 c

re
w

 s
af

et
y:

 a
 s

ci
en

to
m

et
ric

 a
nd

 s
co

pi
ng

 re
vi

ew
 o

f k
ey

 tr
en

ds
, c

ha
lle

ng
es

, a
nd

 in
no

va
tio

ns
, p

p.
66

9-
69

7  

Abdullah, K.H. 2022b. Publication trends in biology education: A bibliometric 
review of 63 years. Journal of Turkish Science Education, 19(2), pp.465-480. 
Available at: https://doi.org/10.36681/tused.2022.131. 

Abdullah, K.H. & Abd Aziz, F.S. 2020. Safety Behaviour in the Laboratory 
among University Students. The Journal of Behavioral Science, 15(3), pp.51-65 
[online]. Available at: https://so06.tci-
thaijo.org/index.php/IJBS/article/view/241208 [Accessed: 10 November 2024]. 

Aida, K.-i., Takigami, T., Akiyama, Y. & Makita, Y. 2023. Development of 
Longitudinal Excitation Suppression Devices for Reducing Car-body Elastic 
Vibrations in Bullet Trains. Quarterly Report of RTRI, 64(3), pp.166-172. Available 
at: https://doi.org/10.2219/rtriqr.64.3_166. 

Alfaro Degan, G., Antonucci, A., Coltrinari, G. & Lippiello, D. 2019. Safety-
oriented multi-task approach to manage whole-body vibration exposure among 
quarry operators. WIT Transactions on the Built Environment, 189, pp.43-53. 
Available at: https://doi.org/10.2495/SAFE190051. 

Alfaro Degan, G., Coltrinari, G., Lippiello, D. & Pinzari, M. 2016. Risk 
assessment of the whole-body vibration exposure for drivers of armored vehicles: 
A case study. International Journal of Safety and Security Engineering, 6(1), 
pp.53-62. Available at: https://doi.org/10.2495/SAFE-V6-N1-53-62. 

Alfaro Degan, G., Coltrinari, G.I., Lipiello, D. & Pinzari, M. 2017. Effects of 
ground conditions on whole-body vibration exposure on cars: A case study of 
drivers of armored vehicles. WIT Transactions on the Built Environment, 176, 
pp.431-438. Available at: https://doi.org/10.2495/UT170371. 

Alsayaydeh, J.A.J, Yusof, M.F.b, Abdillah, M.A.A., Al-Gburi, A.J.A., Herawan, 
S.G. & Oliinyk, A. 2023. Enhancing Vehicle Safety: A Comprehensive Accident 
Detection and Alert System. International Journal of Advanced Computer Science 
and Applications (IJACSA), 14(11), pp.28-41.  Available at: 
https://doi.org/10.14569/ijacsa.2023.0141104. 

Ameen, H.A., Shamman, A.H. & Ali, H. 2022. Vehicular Safety System: 
Driving Behaviour Identification Based on V2V Data Exchange System. Evolution 
of Information, Communication and Computing System, 3(1), pp.14-32 [online]. 
Available at: 
https://publisher.uthm.edu.my/bookseries/index.php/eiccs/article/view/31 
[Accessed: 10 November 2024]. 

Arksey, H. & O’Malley, L. 2005. Scoping studies: towards a methodological 
framework. International Journal of Social Research Methodology, 8(1), pp.19-32. 
Available at: https://doi.org/10.1080/1364557032000119616. 

Bisyk, S.P., Sanin, A.F., Poshyvalov, V.P., Aristarkhov, O.M., Prykhodko, 
M.V., Kuzmytska, A.I. & Lednianskyi, A.F. 2023. Combined shock and mine 
protection based on aluminum alloy parts. Technical mechanics, 2023(1), pp.76-
89. Available at: https://doi.org/10.15407/itm2023.01.076. 

Butowicz, C.M., Hendershot, B.D., Watson, N.L., Brooks, D.I., Goss, D.L., 
Whitehurst, R.A., Harvey, A.D., Helton, M.S., Kardouni, J.R., Garber, M.B. & 
Mauntel, T.C. 2022. Pre-neuromusculoskeletal injury Risk factor Evaluation and 
Post-neuromusculoskeletal injury Assessment for Return-to-duty/activity 

https://doi.org/10.2495/SAFE-V6-N1-53-62


  

690 

 V
O

JN
O

TE
H

N
IČ

KI
 G

LA
SN

IK
 / 

M
IL

IT
AR

Y 
TE

C
H

N
IC

AL
 C

O
U

R
IE

R
, 2

02
5,

 V
ol

. 7
3,

 Is
su

e 
2 Enhancement (PREPARE) in military service members: a prospective, 

observational study protocol. Journal of Translational Medicine, 20, 
art.number:619. Available at: https://doi.org/10.1186/s12967-022-03832-7. 

Cong, M., Zhou, Y.-b., Zhang, M., Sun, X.-w., Chen, C. & Ji, C. 2021. Design 
and optimization of multi-V hulls of light armoured vehicles under blast loads. Thin-
Walled Structures, 168, art.number:108311. Available at: 
https://doi.org/10.1016/j.tws.2021.108311. 

Cooke, A., Smith, D. & Booth, A. 2012. Beyond PICO: The SPIDER Tool for 
Qualitative Evidence Synthesis. Qualitative Health Research, 22(10), pp.1435-
1443. Available at: https://doi.org/10.1177/1049732312452938. 

Di Nota, P.M., Bahji, A., Groll, D., Carleton, R.N. & Anderson, G.S. 2021. 
Proactive psychological programs designed to mitigate posttraumatic stress 
injuries among at-risk workers: a systematic review and meta-analysis. 
Systematic Reviews, 10, art.number:126. Available at: 
https://doi.org/10.1186/s13643-021-01677-7. 

Donthu, N., Kumar, S., Mukherjee, D., Pandey, N. & Lim, W.M. 2021. How 
to conduct a bibliometric analysis: An overview and guidelines. Journal of 
Business Research, 133, pp.285-296. Available at: 
https://doi.org/10.1016/j.jbusres.2021.04.070. 

Gijsbertse, K., Linssen, L., Woering, A. & Catoire, M. 2021. The effects of 
mass, bulk and stiffness of personal protective equipment and clothing on physical 
performance when performing a military mobility obstacle course. Applied 
Ergonomics, 95, art.number:103448. Available at: 
https://doi.org/10.1016/j.apergo.2021.103448. 

Giurgiu, T., Virca, I., Grigoraş, C. & Năstăsescu, V. 2023. Trends in 
Development of Military Vehicles Capabilities Based on Advanced Technologies. 
In: International Conference Knowledge-Based Organization, 29(3), pp.15-22. 
Available at: https://doi.org/10.2478/kbo-2023-0070. 

Hassan, Z., Subramaniam, C., Zain, M.L.M., Ramalu, S.S. & Shamsudin, 
F.M. 2020. Management commitment and safety training as antecedent of 
workers safety behavior. International Journal of Supply Chain, Operation 
Management and Logistics (IJSCOL), 1(2), pp.12-20. Available at: 
https://doi.org/10.35631/IJSCOL.12002. 

Hong, J. & Yoshimura, T. 2024. Baseline method for structural vibration and 
noise optimization, part I: baseline sensitivity method. Mechanical Engineering 
Journal, 11(3), art.number:23-00007. Available at: https://doi.org/10.1299/mej.23-
00007. 

Huo, Q., Luo, X., Xu, Z., & Yang, X., 2024. Machine learning applied to 
epilepsy: bibliometric and visual analysis from 2004 to 2023. Frontiers in 
Neurology, 15. Available at: https://doi.org/10.3389/fneur.2024.1374443 

Ismail, M.A., Waris, A.M., Kamal, N.U.K.M., Zaini, N.S., Sharif, K.I.M. & 
Hassan, M.G., 2024. Optimising Safety: Investigating the Nexus of Safety 
Management, Safety Climate and Safety Performance in Malaysian Logistics 
Companies. Journal of Maritime Logistics, 4(1), pp.27-38. Available at: 
https://doi.org/10.46754/jml.2024.08.002. 



 

691 

R
ad

zi
, E

.M
. e

t a
l, 

En
ha

nc
in

g 
ar

m
or

ed
 c

re
w

 s
af

et
y:

 a
 s

ci
en

to
m

et
ric

 a
nd

 s
co

pi
ng

 re
vi

ew
 o

f k
ey

 tr
en

ds
, c

ha
lle

ng
es

, a
nd

 in
no

va
tio

ns
, p

p.
66

9-
69

7  

Jasman, M.R., Jamaludin, S.N.S. & Yusof, K.M. 2018. Near Field Radio 
Frequency Radiation Hazard on Military Armoured Vehicle - Approach to a Dose 
Assessment. International Journal of Automotive and Mechanical Engineering 
(IJAME), 15(4), pp.6052-6063. Available at: 
https://doi.org/10.15282/ijame.15.4.2018.24.0461. 

Kaidalov, R., Bilenko, O. & Kudimov, S. 2023. Methods of ensuring the 
defined level of combat survival of armored wheeled vehicles. The collection of 
scientific works of the National Academy of the National Guard of Ukraine, 1(41), 
pp.65-72. Available at: https://doi.org/10.33405/2409-7470/2023/1/41/280883. 

Karr, A., Fulp, W., Vera, F., Young, S., Lin, X., & Reiter, J., 2007. Secure, 
Privacy-Preserving Analysis of Distributed Databases. Technometrics, 49, 
pp.335-345. Available at: https://doi.org/10.1198/004017007000000209. 

Khorram-Manesh, A., Goniewicz, K., Burkle, F.M. & Robinson, Y. 2021. 
Review of Military Casualties in Modern Conflicts—The Re-emergence of 
Casualties From Armored Warfare. Military Medicine, 187(3-4), pp.e313–e321. 
Available at: https://doi.org/10.1093/milmed/usab108. 

Kokhan, V. 2023. Methodology for selection of military automotive equipment 
by quality indicators. Scientific works of State Scientific Research Institute of 
Armament and Military Equipment Testing and Certification, 18(4), pp.35-40. 
https://doi.org/10.37701/dndivsovt.18.2023.05. 

Koshy, K., Preustti, M. & Rosen, M.A. 2019. Applying an Error Reduction 
Model to an Injury and Illness Prevention Program- Steps to Improve an 
Occupational Safety and Health Management System (OSHMS). Journal of 
Management and Research, 11(4), pp.1-11. Available at: 
https://doi.org/10.5296/jmr.v11i4.10775. 

Kovtun, A., Kudimov, S., Savchenko, V. & Stepanov, P. 2020. Evaluation of 
the efficiency of using armored vehicles for technical intelligence. Honor and Law, 
2(73), pp.33-41. Available at: https://doi.org/10.33405/2078-
7480/2020/2/73/207157. 

Li, Y., Yang, G.-M., Zhao, Y.-B. & Li, B.-C. 2023. Wounding characteristics 
and treatment principles of ground anti-armored vehicle ammunition against 
armored crew. Chinese Journal of Traumatology, 26(3), pp.125-130. Available at: 
https://doi.org/10.1016/j.cjtee.2023.03.002. 

Munn, Z., Peters, M.D.J., Stern, C., Tufanaru, C., McArthur, A. & Aromataris, 
E. 2018. Systematic review or scoping review? Guidance for authors when 
choosing between a systematic or scoping review approach. BMC Medical 
Research Methodology, 18, art.number:143. Available at: 
https://doi.org/10.1186/s12874-018-0611-x. 

Nguyen, H., Drebenstedt, C., Bui, X.-N., & Bui, D.T. 2019. Prediction of Blast-
Induced Ground Vibration in an Open-Pit Mine by a Novel Hybrid Model Based on 
Clustering and Artificial Neural Network. Natural Resources Research, 29, 
pp.691-709. Available at: https://doi.org/10.1007/s11053-019-09470-z. 

Noor Arzahan, I.S.N., Ismail, Z. & Yasin, S.M. 2022. Safety culture, safety 
climate, and safety performance in healthcare facilities: A systematic review. 

https://doi.org/10.1007/s11053-019-09470-z.


  

692 

 V
O

JN
O

TE
H

N
IČ

KI
 G

LA
SN

IK
 / 

M
IL

IT
AR

Y 
TE

C
H

N
IC

AL
 C

O
U

R
IE

R
, 2

02
5,

 V
ol

. 7
3,

 Is
su

e 
2 Safety science, 147, art.number:105624. Available at: 

https://doi.org/10.1016/j.ssci.2021.105624.  
Nordstrand, A.E., Barger, S.D., Tvedt, M.A., Gjerstad, C.L., Engen, H.G. & 

Adler, A. 2024. A novel intervention for acute stress reaction: exploring the 
feasibility of ReSTART among Norwegian soldiers. European Journal of 
Psychotraumatology, 15(1), art.number:2400011. Available at: 
https://doi.org/10.1080/20008066.2024.2400011. 

Ostashevskiy, S. & Piatkov, M. 2019. Mathematical model of the logical 
actions of the armored automobile vehicles operator in motion speed choosing, 
consider the road spectrum of resistance. Scientific Reports of the National 
University of Life and Environmental Sciences of Ukraine, 15(6). Available at: 
https://doi.org/10.31548/DOPOVIDI2019.06.025. 

Piancastelli, L., Toccaceli, M., Sali, M., Leon-Cardenas, C. & Pezzuti, E., 
2023. Electric Hybrid Powertrain for Armored Vehicles. Energies, 16(6), 
art.number:2605. Available at: https://doi.org/10.3390/en16062605. 

Prasanna, A., Sangasuri, S., Yaranal, S., Kannan, G.K. & Singh, U.K. 2019. 
Occupant injury simulation using human surrogate during vehicle underbody mine 
blast loading. In: Proceedings of 31st International Symposium on Ballistics, 
Hyderabad, India, November 4-8. Available at: 
https://doi.org/10.12783/ballistics2019/33292. 

Radovanović, M., Petrovski, A., Smileski, S. & Jokić, Ž. 2023. Analysis of the 
development of five generation of anti-armor missile systems. Scientific Technical 
Review, 73(1), pp.26-37. Available at: https://doi.org/10.5937/str2301026r. 

Radzi, E.M. 2024. Examining the impact of social security programs on 
military personnel and veterans: A scientometric and scoping review. Social 
Security Management Journal, 2(October), pp.1-18. Available at: 
https://doi.org/10.32890/ssmj2024.1.2.1. 

Radzi, E.M., Abd Aziz, F.S. & Abdullah, K.H. 2024a. The interrelation 
between happiness and workplace safety: A bibliometric review. Multidisciplinary 
Reviews, 7(7), art.number:2024145. Available at: 
https://doi.org/10.31893/multirev.2024145. 

Radzi, E.M., Abdullah, K.H. & Abd Aziz, F.S. 2024b. Exploring cutting-edge 
research trends in safety knowledge within military environments. Vojnotehnički 
glasnik/Military Technical Courier, 72(2), pp.869-895. Available at: 
https://doi.org/10.5937/vojtehg72-49554. 

Radzi, E.M., Hassan, Z., Abdullah, K.H., Osiobe, E.U. & Ghalib, M.H.A. 2025. 
Assessing the Impact of Ergonomic Interventions in Military Settings: A 
Scientometric and Scoping Approach. Spectrum, 2(2) pp.97-108. Available at:  
https://doi.org/10.61552/SJSS.2025.02.005. 

Ruiz-Rosero, J., Ramírez-González, G. & Viveros-Delgado, J. 2019. 
Software survey: ScientoPy, a scientometric tool for topics trend analysis in 
scientific publications. Scientometrics, 121(2), pp.1165-1188. Available at: 
https://doi.org/10.1007/s11192-019-03213-w. 

Schram, B., Orr, R., Hinton, B., Pope, R. & Norris, G. 2019. The effects of 
body armour on the power development and agility of police officers. Ergonomics, 



 

693 

R
ad

zi
, E

.M
. e

t a
l, 

En
ha

nc
in

g 
ar

m
or

ed
 c

re
w

 s
af

et
y:

 a
 s

ci
en

to
m

et
ric

 a
nd

 s
co

pi
ng

 re
vi

ew
 o

f k
ey

 tr
en

ds
, c

ha
lle

ng
es

, a
nd

 in
no

va
tio

ns
, p

p.
66

9-
69

7  

62(10), pp.1349-1356. Available at: 
https://doi.org/10.1080/00140139.2019.1648878. 

Sheng, T.K. & Solah, M.S. 2022. Head Injuries in Rollover of Military 
Armoured Vehicle. RSF Conference Series: Engineering and Technology, 2(2), 
pp.183-189. Available at: https://doi.org/10.31098/cset.v2i2.571. 

Simao, L.B., Carvalho, L.C. & Madeira, M.J. 2021. Intellectual structure of 
management innovation: bibliometric analysis. Management Review Quarterly, 
71(3), pp.651-677. Available at: https://doi.org/10.1007/s11301-020-00196-4. 

Stahlschmidt, S. & Stephen, D. 2022. From indexation policies through 
citation networks to normalised citation impacts: Web of Science, Scopus, and 
Dimensions as varying resonance chambers. Scientometrics, 127(5), pp.2413-
2431. Available at: https://doi.org/10.1007/s11192-022-04309-6. 

Struck, S., Stewart-Tufescu, A., Asmundson, A.J.N., Asmundson, G.G.J. & 
Afifi, T.O. 2021. Adverse childhood experiences (ACEs) research: A bibliometric 
analysis of publication trends over the first 20 years. Child Abuse & Neglect, 112, 
art.number:104895. Available at: https://doi.org/10.1016/j.chiabu.2020.104895. 

Van Der Wal, S., Vermetten, E. & Elbert, G. 2020. Long-term development 
of post-traumatic stress symptoms and associated risk factors in military service 
members deployed to Afghanistan: Results from the PRISMO 10-year follow-up. 
European Psychiatry, 64(1), e10. Available at: 
https://doi.org/10.1192/j.eurpsy.2020.113. 

Van Eck, N. & Waltman, L. 2010. Software survey: VOSviewer, a computer 
program for bibliometric mapping. Scientometrics, 84(2), pp.523-538. Available at: 
https://doi.org/10.1007/s11192-009-0146-3. 

Vieira, E.S. & Gomes, J.A.N.F 2009. A comparison of Scopus and Web of 
Science for a typical university. Scientometrics, 81(2), pp.587-600. Available at: 
https://doi.org/10.1007/s11192-009-2178-0. 

Wachsmann, M.S., Onwuegbuzie, A.J., Hoisington, S., Gonzales, V., Wilcox, 
R., Valle, R. & Aleisa, M. 2019. Collaboration Patterns as a Function of Research 
Experience Among Mixed Researchers: A Mixed Methods Bibliometric Study. The 
Qualitative Report, 24(12), pp.2954-2979. Available at: 
https://doi.org/10.46743/2160-3715/2019.3852. 

Wibneh, A., Singh, A.K. & Karmakar, S. 2024. A comprehensive ergonomic 
validation of workspaces design employing digital and physical mock-ups in the 
case of light armored vehicle. The Journal of Defense Modeling and Simulation: 
Applications, Methodology, Technology. Available at: 
https://doi.org/10.1177/15485129241283092. 

Witte, T.E.F. & Schwarz, J. 2023. A Concept of User State Analysis for 
Evaluations of Interaction Design in Armored Vehicles. In: Biehl, J., Carter, S. & 
Lucero, A. (Eds.) ISS Companion '23: Companion Proceedings of the 2023 
Conference on Interactive Surfaces and Spaces, Pittsburgh, PA, USA, pp.32-34, 
November 5 - 8. Available at: https://doi.org/10.1145/3626485.3626536. 

Xie, X. & Guo, D. 2018. Human factors risk assessment and management: 
Process safety in engineering. Process Safety and Environmental Protection, 113, 
pp.467-482. Available at: https://doi.org/10.1016/J.PSEP.2017.11.018. 



  

694 

 V
O

JN
O

TE
H

N
IČ

KI
 G

LA
SN

IK
 / 

M
IL

IT
AR

Y 
TE

C
H

N
IC

AL
 C

O
U

R
IE

R
, 2

02
5,

 V
ol

. 7
3,

 Is
su

e 
2 Zelenyukh, O., Tymko, A. & Pynchuk, M. 2020. Justification of directions of 

improvement of technical characteristics of battle armed machines. Control, 
Navigation and Communication Systems. Academic Journal, 1(59), pp.50-53. 
Available at: https://doi.org/10.26906/SUNZ.2020.1.050. 

Mejora de la seguridad de la tripulación blindada: una revisión 
cienciométrica y de alcance de tendencias, desafíos e innovaciones 
clave 
Elias M. Radziac, autor de correspondencia, Zuraida Hassanac,  
Mohd Azril Ismailad, Khairul Hafezad Abdullahac, Intan Suraya N. Arzahanac, 
Aswalni Ishakac, Ejiro U. Osiobeb, Muhammad Hazim A. Ghalibac  
a Universiti Utara Malaysia, Facultad de Negocios UUM, Kedah, Malasia   
b Universidad de Westcliff, Facultad de Negocios,  
  Departamento de Economía, Irvine, CA, Estados Unidos de América  
c Escuela de Gestión Empresarial 
d Escuela de Gestión de Tecnologías y Logística 
 
CAMPO: ciencias militares, ingeniería mecánica 
TIPO DE ARTÍCULO: artículo de revisión   

Resumen:  
Introducción/objetivo: Este estudio presenta un análisis integral de la 
bibliografía existente sobre la seguridad de la tripulación de vehículos 
blindados a través de una metodología cienciométrica y de alcance 
integrada. 
Métodos: Se utilizaron datos procedentes de Scopus y Web of Science 
para analizar un total de 197 documentos tras el preprocesamiento y la 
eliminación de duplicados. El análisis cienciométrico se realizó utilizando el 
software ScientPy y VOSviewer para identificar tendencias de publicación, 
coexistencia de palabras clave y contribuciones académicas influyentes. 
Además, se llevó a cabo una revisión de alcance basada en la estructura 
SPIDER para sintetizar conocimientos críticos relacionados con la 
vibración de todo el cuerpo (WBV), el diseño de vehículos y las tecnologías 
de seguridad. 
Resultados: Los hallazgos indican que la instalación de armaduras 
antibalas reduce significativamente los niveles de exposición al WBV, con 
reducciones que oscilan entre el 10% y el 20%. Estas reducciones se 
atribuyen a modificaciones en la distribución de masa y la rigidez del 
vehículo. Se identificaron materiales avanzados, como las aleaciones de 
aluminio, como esenciales para mejorar la resistencia a las explosiones y 
mitigar las vibraciones. Los resultados enfatizan la importancia de las 
modificaciones estructurales y las tecnologías adaptativas, incluidos los 
sistemas de suspensión mejorados, para gestionar el WBV y mejorar la 
seguridad general de la tripulación. 
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Conclusión: Este estudio establece una base sólida para futuras 
investigaciones, subrayando la necesidad de diseños de vehículos 
optimizados y estrategias de seguridad integradas para abordar los 
factores estresantes fisiológicos y psicológicos que enfrentan las 
tripulaciones de vehículos blindados. 
Palabras claves: tripulación de vehículos blindados, vibración de 
cuerpo entero, análisis cienciométrico, revisión de alcance, blindaje 
antibalas. 

Повышение безопасности экипажей бронированных машин: 
наукометрический и аналитический обзор ключевых тенденций, 
проблем и инноваций 
Элиас М. Раджиав, корреспондент, Зураида Хасанав,  
Мохд Азрил Исмаилаг, Хайрул Хафизад Абдулахав,  
Интан Сурая Н. Арзаханав, Асвални Ишакав,  
Еджиро У. Осиобеб, Мухаммед Хазим A. Галибав  
а Университет Утара, Малайзия, Колледж бизнеса UUM, 
  г. Кедах, Малайзия 
б Вестклиффский университет, Колледж бизнеса,  
  экономический факультет, 
  г. Ирвин, Калифорния, Соединенные Штаты Америки 
в Школа бизнеса и менеджмента  
г Школа технологий менеджмента и логистики  
 
РУБРИКА ГРНТИ: 78.25.10 Бронетанковая техника, 
                               78.01.81 Измерения, контроль и управление качеством.                           
                                              Испытание образцов вооружения и военной 
                                              техники 
ВИД СТАТЬИ: обзорная статья 

Резюме: 
Введение/цель: В данном исследовании представлен 
всесторонний анализ существующей литературы по 
безопасности экипажа бронированной машины с применением 
интегрированной наукометрической и аналитической 
методологии. 
Методы: Данные, полученные из Scopus и Web of Science, были 
использованы для анализа 197 документов после 
предварительной обработки и удаления дубликатов. 
Наукометрический анализ был проведен с помощью 
программного обеспечения Scientopia и VOSviewer для 
определения тенденций публикаций, совпадения ключевых слов и 
значимых научных вкладов. Помимо того, был проведен 
аналитический обзор, основанный на концепции SPIDER, с целью 
обобщения критических данных, касающихся вибрации всего 
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2 тела (WBV), проектирования транспортного средства и 

технологий обеспечения безопасности. 
Результаты: Результаты исследования показали, что 
установка пуленепробиваемой брони значительно снижает 
уровень воздействия WBV, причем снижение составляет от 10% 
до 20%. Это снижение объясняется изменениями в 
распределении массы и жесткости транспортного средства. 
Современные материалы, такие как алюминиевые сплавы, 
являются необходимым фактором в повышении ударопрочности 
и снижения вибрации. Результаты подчеркивают значимость 
конструктивных изменений и адаптивных технологий, включая 
усовершенствованные системы подвески для управления 
ударопрочностью и повышения общей безопасности экипажа. 
Вывод: Данная статья закладывает прочный фундамент для 
будущих исследований, подчеркивая необходимость оптимизации 
проектирования транспортных средств и внедрения стратегий по 
обеспечению безопасности для устранения физиологических и 
психологических стрессоров, с которыми сталкиваются экипажи 
бронированных машин. 
Ключевые слова: экипаж бронированной транспортно-боевой 
машины, вибрация всего тела, наукометрический анализ, 
обзорный анализ, пуленепробиваемая броня. 

Побољшање безбедности посаде оклопних возила: 
сциентометријска анализа и преглед заступљености кључних 
трендова, изазова и иновација 
Елиас М. Раџиав, аутор за преписку, Зураида Хасанав,  
Мохд Азрил Исмаилаг, Хајрул Хафизад Абдулахав,  
Интан Сураја Н. Арзаханав, Асвални Ишакав,  
Еџиро У. Осиобеб, Мухамед Хазим A. Галибав  
а Универзитет Утара Малезија, Колеџ бизниса УУМ,  
  Кедах, Малезија  
б Универзитет Вестклиф, Пословни колеџ, Одсек екеономије, 
  Ервајн, Калифорнија, Сједињене Америчке Државе 
в Школа за пословни менаџмент 
г Школа технологије менаџмента и логистике 
 
ОБЛАСТ: војне науке, машинство 
КАТЕГОРИЈА (ТИП) ЧЛАНКА: прегледни рад 

Сажетак:  
Увод/циљ: Овај рад представља свеобухватну анализу постојеће 
литературе о безбедности посаде оклопних возила путем 
обједињавања сциентометрије и методологије заступљености. 
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Методе: Подаци из Scopus-а и  Web of Science коришћени су у 
анализи укупно 197 докумената након претходне обраде и 
уклањања дупликата. У сциентометријској анализи коришћен је 
алат ScientoPy и софтвер VOSviewer за идентификовање трендова 
при објављивању, кључних речи, као и утицајних академских 
доприноса. Литература је анализирана по заступљености у 
окружењу SPIDER како би се синтетизовала најважнија знања из 
области вибрација целог тела (WBV), пројектовања возила и 
безбедносних технологија.  
Резултати: Налази истраживања показују да инсталирање 
панцирног оклопа у знатној мери (од 10% до 20%) смањује 
изложеност целог тела вибрацијама. Ово смањење приписује се 
модификацијама у распореду масе и крутости возила. Напредни 
материјали, као што су алуминијумске легуре, идентификовани су 
као суштински важни за повећавање отпорности на удар и 
смањење вибрација. Резултати истичу важност структурних 
модификација и адаптивних технологија, укључујући побољшане 
системе вешања у решавању проблема вибрација целог тела, као и 
у повећању безбедности посаде у целини. 
Закључак: Ова студија поставља чврсте основе за будућа 
истраживања, истичући потребу за оптимизованим 
пројектовањем возила, као и за интегрисаним безбедносним 
стратегијама ради решавања физиолошких и психолошких 
стресора којима су изложене посаде оклопних возила. 
Кључне речи: посада оклопног возила, вибрација целог тела, 
сциентометријска анализа, преглед заступљености, панцирни 
оклоп. 
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