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ABSTRACT

Introduction: Falls from height rank among the most frequent accidents encountered in construction
workplaces. To mitigate such risks, the utilization of suitable personal fall protection equipment, including
safety harnesses, proves to be an effective control measure.

Material and Methods: This study involved a comprehensive review of articles pertaining to the study’s
objective, published in renowned scientific journals between 2000 and 2021. To achieve this, a meticulous
search was conducted across ten scientific-specialized databases, employing eight keywords: “Full body
harness,” “fall arrest systems,” “industrial harness,” “harness ergonomic,” “design procedures harness,”
“standard for harness,” “fall protection,” and “P.P.E work at height.” The search yielded a collection of

relevant articles for analysis and examination.

Results: A total of 101 articles were gathered through the utilization of the specified keywords.
Subsequently, a meticulous review process led to the selection of 23 relevant articles for inclusion in
the primary study. These chosen articles were categorized into two distinct groups: one focused on the
“design of harnesses and optimization of fall arrest systems,” while the other delved into “studies on the
consequences of suspension from a height and its effects.” Our findings revealed that 34.7% of the studies
evaluated harness safety, 34.7% examined harness ergonomics, and 30.3% investigated suspension
consequences.

Conclusion: When a harness is suspended, it leads to physiological changes. Notably, no studies have
reported any fatalities resulting from harness suspension. However, the longevity of the suspension
greatly depends on utilizing the appropriate harness accessories. The most significant challenge lies in the
ergonomic design of the harnesses.
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1. INTRODUCTION

Construction-related accidents represent a
significant category of occupational incidents,
frequently resulting in severe injuries, fatalities,
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and considerable financial repercussions. Research
demonstrates that construction workers face a
three to six times higher risk of fatal accidents
compared to their counterparts in other industries.
Among these, falls from height (FEH.) are the most
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prevalent, remaining the leading cause of fatalities
in the sector from 2001 to 2019.

Given the dynamic, unpredictable, and complex
nature of working at height, implementing effective
control measures and prevention strategies is
critical in the construction industry. The use of
appropriate personal protective equipment (P.P.E.),
such as harnesses, can significantly mitigate the
risk of such accidents, thereby reducing associated
injuries and costs.

Harnesses, a key component of a comprehensive
fall prevention system, are integral to safeguarding
workers against falls in industrial and construction
settings. Despite their protective function, they
can also introduce hazards, most notably harness
suspension stress (H.S.S.). H.S.S., also known as
suspension trauma, hanging harness syndrome, or
harness-induced trauma, is a serious concern.

Therefore, particular attention should be paid
to the design and usability of harnesses among
construction workers. Ensuring the harness is
comfortable and well-fitted makes workers more
likely to wear them without resistance, reducing the
risk of severe accidents and fatalities.

This study aims to systematically review the
existing literature concerning the effects of height
suspension and the design of safety harnesses
to protect against falls. Based on the surveyed
research, no review study has been conducted
specifically on harnesses, and a limited number of
studies focus on harness design. This underscores
the need for further investigation into this vital
safety equipment.

2. MATERIAL AND METHODS

This study, conducted in 2021 and 2022,
employed a systematic review strategy to extract
data from seven international databases: Science
Direct, Web of Science, Wiley, Scopus, Google
Scholar, PubMed, and Springer. Additionally,
information was sourced from four Iranian
databases for Persian articles: www.sid.ir, http://
www.magiran.com, http://www.iranmedex.com,
and www.irandoc.ac.ir. An array of keywords was
applied to the international databases, including
“Full body harness,” “fall arrest systems,” “industrial
harness,” “ergonomic harness,” “design procedures
harness,” “standard for harness,” “fall protection,’
and “PP.E. work at height” The data collected was
then organized using EndNote software (version
8X), which allowed for the efficient elimination of
duplicate entries. The references cited in the articles
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were further scrutinized to ensure no relevant study
was overlooked.

Your primary aim was to review and analyze
published articles. You screened these articles
based on their titles and abstracts to obtain a
comprehensive understanding of their content.
Any articles with unavailable full text were excluded
from the review. For those with accessible and
downloadable full text, you conducted a thorough
review.

The selected articles were sorted using Excel and
classified based on their research topic, purpose,
methodology, and results. Subsequently, their
abstracts and full texts were reviewed and analyzed
in-depth. You reviewed the articles and grouped
them post-selection based on their research subject
and objectives.

The articles were initially divided into two
main categories: 1) the consequences of suspension
following a fall from height, and 2) the design of
safety harnesses to protect against falls. Further
discussions encompassed the location of the
studies, the harness design, and the impact of
suspension.

3. RESULTS AND DISCUSSION

From the targeted scientific databases, you
retrieved a total of 101 articles. However, you
discarded 27 of these due to duplication across the
databases. Subsequent title screening led to the
removal of an additional 22 articles as their content
did not align with your study’s objectives.

Following this, you assessed the remaining
articles based on their abstracts. This resulted in the
exclusion of 19 articles that lacked relevant abstract
content. After these initial screening processes, you
were left with 33 articles that resonated with your
study’s purpose.

You encountered access limitations to the full
text of 10 of these articles, owing to subscription
restrictions to certain journals, and they were
consequently removed from consideration. This left
you with 23 articles that underwent a comprehensive
review. A detailed breakdown of the article selection
process is illustrated in Figure 1.

Distribution of articles by place of study

The articles examined in this study were
categorized by their country of origin, as illustrated
in Figure 2. This diagram depicts the distribution
of articles reviewed from each country, focusing on
the design of harnesses and their suspension effects.
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Fig. 1: Summary of the article review process

Our findings indicate a significant proportion of
these studies, specifically 39.7%, originate from the
United States, suggesting substantial research in
this area has been conducted within that country.

Effects and consequences of suspension from a height

The impact and aftermath of suspension from
height comprised 30% of the studies selected
for review. These studies evaluated a variety of
factors, such as the year of the study, location of
research, purpose of the investigation, number
of participants, gender, average age range, and
duration of suspension tolerated.

Our analysis reveals that 71% of the studies
focused on the consequences of altitude suspension
are relatively recent and were conducted within the
last ten years. Furthermore, all these investigations
were carried out in developed countries. The studies
incorporated both male and female participants,
though the total participant count in each study
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was under 50. In many cases, the number of male
participants outnumbered the females.

In 85% of the studies, the participants’ age range
was below 50 years, and 80% of the studies involved
construction workers. The average duration of
suspension tolerance discussed in these studies was
approximately one hour. The methodologies used
in these studies predominantly focused on various
symptoms of physiological variables.

Key aspects considered in these studies on the
effects and consequences of harness suspension
included the gender and number of participants,
suspension duration, and physiological variables.
These parameters are detailed in Table 1.

Design and optimization of fall protection harnesses

The studies reviewed collectively considered
several factors, including demographic variables
suchas gender, race, height, weight, and participants’
occupations. The methodologies employed
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Fig. 2: Distribution of reviewed articles by country

encompassed  anthropometric ~ measurement
methods and the use of simulators. Various test
criteria, including the D-ring, free-fall distance,
harness fit, and measurement tests, were assessed.
Each proved to be significant and influential in the
design of harnesses. A summary of studies focused
on harness design is provided in Table 2.

In these studies, 31.25% employed a dummy
for testing, while approximately 40% conducted
tests on both women and men who were primarily
construction workers. Only one study specifically
focused on carpenters. The research methods
involved either a traditional anthropometry
questionnaire or three-dimensional anthropometry.
Most of these studies were conducted in developed
countries.

4. CONCLUSIONS

Studies reveal that harness design, in terms
of anthropometry and comfort, is yet to be fully
tailored for diverse populations. Many workers at
elevated heights refrain from using safety harnesses
primarily due to discomfort, dissatisfaction during
use, and complaints about the harness not fitting
their body dimensions appropriately. Evidently,
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there is a dearth of research on harness usability
and the role of body dimensions in optimal harness
design. Despite scientific advancements, gaps persist
in the safe and ergonomic design of harnesses.

A successful design ensures the safety of
personal protective equipment and encourages
workers to use it willingly and enthusiastically.
We anticipate a surge in research activities in the
coming years, focusing on the ease of wear and
ergonomic design of harnesses across different
countries. Future investigations into fall prevention
mechanisms and harness design are likely to be
more interdisciplinary.

Incorporating safety and ergonomics, along
with behavioral and participatory tests, will be
essential for designing suitable harnesses that
workers will use when faced with height-related
occupational hazards. The findings of these studies
will provide a clear roadmap for safety researchers
to frame future research with a fresh perspective.
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