Evidence review of the effectiveness of
soft landing systems for preventing injury
from falls when working at height
Prepared by the Health and Safety Executive

RR1145

Research Report

© Crown copyright 2019
Prepared 2019
First published 2019
You ma y reuse this i nformation (not i ncluding logos) free of charge in
a ny forma t or medium, under the terms of the Open Government
Li cence. To vi ew the licence vi sit
ww w.na tionalarchives.gov.uk/doc/open-government-licence/, write
to the Information Policy Team, The National Archives, Kew, London
TW9 4DU, or ema il psi@nationalarchives.gsi.gov.uk.
Some i mages and illustrations may not be owned by the Crown so
ca n not be reproduced wi thout permission of the copyright owner.
Enqui ries s hould be sent to copyright@hse.gov.uk.

Soft landing systems (SLS), sometimes referred to as fall
arrest mats or bags, are generally either air -filled mats or
soft -filled mats. They are fall arrest systems designed to
mitigate the risk of injury to workers from falls from height
through distances of up to about 2.5 metres. They began to
be widely used in industry in the early 2000s. In use, they
are laid on the ground or suspended beneath the working
area. HSE inspectors have raised concerns about the
effectiveness of SLS following observations that some duty
holders were implementing these systems as the first
choice of control against injury of workers in falls when
working at height.
This report describes a review to establish what evidence is
available about the risk of a person suffering personal
injury from a fall onto a properly installed and maintained
SLS. The review considers the scientific literature, incident
reports made to HSE, and other sources. The evidence
indicates that that when a person falls less than the rated
fall arrest height, typically 2.3 -2.7 m, onto a properly
installed SLS : (1) t he forces and deceleration associated
with the impact are within tolerable levels for humans; and
(2 ) t he risk of injury is low when the SLS is of sufficient
thickness to avoid bottoming out and the energy
dissipation prevents bouncing. However, there is an
increased risk of injury if: the person lands near the edge of
the SLS; or there are physical obstructions in the fall
trajectory; or if the falling person strikes other people or
objects that have already fallen onto the SLS.

Thi s report a nd the work it describes were funded by the Health a nd
Sa fety Executive (HSE). Its contents, i ncluding a ny opinions a nd/or
concl usions expressed, are those of the a uthors a lone a nd do not
necessarily reflect HSE policy.
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KEY MESSAGES
Concerns were raised by HSE Construction Inspectors about the effectiveness of Soft Landing
Systems (SLS) following observations that some duty holders, particularly in the house building
sector, were opting for their implementation as the first choice of control against injury of
workers in falls when working at height.
SLS are fall arrest systems designed to provide collective protection (protection for everyone
who is at risk) by minimising the consequences of falls from height by decreasing (cushioning)
the impact force. They are an alternative to personal protection for each individual at risk
through methods such as a fall-arrest system using a high anchor point.
When working at height cannot be avoided, the Work at Height Regulations 2005 require, first
that, so far as is reasonably practicable, measures are implemented to prevent a fall occurring.
When prevention of a fall is not reasonably practicable, measures that minimise the distance
and/or consequences of a fall are to be implemented. A SLS, such as an air bag or soft-filled
mat, installed close to the level of the work, would be an example.
SLS began to be widely used in the early 2000s, but to date, HSE has not evaluated the
occurrence of injuries associated with their use. Therefore,this study was commissioned to
establish what information is available in the scientific literature and in reports to HSE about
the risk of a person suffering personal injury from a fall onto a properly installed, maintained
and used SLS (properly installed and fully functioning).
When a person falls a distance less than the rated fall arrest height (typically 2.5to 2.7 m) o nto
a properly installed and fully functioning SLS, such as may be used on construction sites:



The forces and decelerations associated with the impact are within tolerable levels for
humans.
The risk of injury is low, when the device is of sufficient thickness to avoid bottoming
out to the ground on impact, and the energy dissipating ability of the SLS prevents
bouncing.

If the person lands near the edge of the SLS there is an increased risk of injury due to the SLS
bottoming out.
There is a separate risk of injury when there are physical obstructions, such as beams or roof
trusses, within the fall trajectory.
There is another risk of injury if a falling person strikes other people or objects that have
already fallen onto the SLS or if tools or construction materials fall onto someone who has
landed on a SLS.
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EXECUTIVE SUMMARY
Background
Soft landing systems (SLS) are collective fall arrest systems, as opposed to personal fall arrest
systems such as harnesses, which only protect the wearer. The systems are designed to reduce
the height and decrease (cushion) the impact force of the person’s fall, and mitigate the risk of
injury from falls from height. In use they are laid on the ground or suspended beneath the
working area, to protect workers from falls through distances of up to about 2.5 metres
(manufacturer’s specifications differ on this). Sometimes referred to as fall arrest mats or bags,
SLS are generally of two types: air-filled mats or soft-filled mats. Air-mats are balloon-type
structures of woven fabric coated with polyvinyl chloride, pre-filled to a desirable internal
pressure or maintained at a constant internal pressure by a small air pump, or filled with air
pockets. Soft-filled mats, on the other hand, are cushion-like structures of tear-resistant manmade fabric, containing a resilient but compressible material such as polystyrene.
It is impossible to exclude the possibility that a fall into an SLS could result in injury,
particularly as the impact velocity increases with the height of fall. HSE’s construction
inspectors recognised that they lacked information about the risk of injury associated with falls
from height onto an SLS, which reduced their confidence in their application of the hierarchy
of control set out within regulation 6of the Work at Height Regulations 2005.
A review of existing evidence was undertaken, to gain deeper insights about the risk of injury
associated with falling into an SLS, and help better inform HSE's operational policy when
regulating in this area. There were three objectives:
1. To investigate existing data about falls from height and impacts involving SLS or similar
scenarios from which extrapolations can be made;
2. To identify whether any of that data has been linked to likelihood of injury;
3. To establish whether the data shows there is an actual risk of injuries occurring when
construction workers fall onto SLS.
Methodology
A review of the existing evidence in the scientific literature, RIDDOR reports and reports from
the public of health and safety concerns recorded in HSE’s corporate database, and
information from other nations’ regulatory bodies, was undertaken to gain insights about the
risk of injury associated with falling into SLS.
Main findings
The scientific literature contains a number of reports relating to injury in falls onto a properly
installed SLS in sports and leisure but very little in relation to the construction industry. The
lack of quantitative data and the wide differences between the falls scenarios discussed makes
it difficult for extrapolations to be made about the use of SLS in construction.
HSE databases contain an appreciable number of occupationally related falls from height
RIDDOR incident reports involving SLS and concerns about SLS raised by members of the
public. However, the reports did not demonstrateclear links between injury and impact with
the SLS. To be useful in this regards, incident reports need to provide clear descriptions to help
characterise the height of fall involved in the incident and they need to be explicit on the
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characteristics of the SLS involved, i.e. the design features including thickness and where the
SLS was impacted in the fall.
When a person falls a distance less than the rated fall arrest height (typically 2.5to 2.7 m) onto
a properly installed and fully functioning SLS, such as may be used on construction sites:



The forces and decelerations associated with the impact are within tolerable levels for
humans.
The risk of injury is low, when the device is of sufficient thickness to avoid bottoming
out to the ground on impact, and the energy dissipating ability of the SLS prevents
bouncing.

If the person lands near the edge of the SLS there is an increased risk of injury due to the SLS
bottoming out.
There is a separate risk of injury when there are physical obstructions, such as beams or roof
trusses, within the fall trajectory.
There is another risk of injury if a falling person strikes other people or objects that have
already fallen onto the SLS or if tools or construction materials fall onto someone who has
landed on a SLS.
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1
1.1

INTRODUCTION

BACKGROUND

Soft landing systems (SLS) are fall arrest systems designed to provide collective protection
(protection for everyone who is at risk) by minimising the consequences of falls from height by
reducing the height and decreasing (cushioning) the impact force of the person’s fall. They are
an alternative to personal protection for each individual at risk through methods such as a fall arrest system using a high anchor point.
In use they are laid on the ground or suspended beneath the working area, to protect
operatives from harmful consequences from falls of distances up to around 2.5 metres
(Cameron et al. 2005). Sometimes referred to as fall arrest mats or bags, SLS are generally of
two types: air-filled mats or soft-filled mats. Air-mats are balloon-type structures of woven
fabric coated with polyvinyl chloride, pre-filled to a desirable internal pressure, or maintained
at a constant internal pressure by a small air pump, or filled with air pockets. Soft-filled mats,
on the other hand, are cushion-like structures of tear-resistant man-made fabric, containing a
resilient but compressible material such as polystyrene.
Though SLS have a role to play within the work at height hierarchy of control, they are
relatively low down the hierarchy. However, as collective protection, they are higher up the
hierarchy than the use of personal fall arrest systems such as harnesses. HSE’s perspective is
that some duty holders, particularly in the domestic house building sector, which appears to
be a key market for SLS (Cameron et al. 2005), seem to opt for SLS without appearing to have
adequately assessed options further up the hierarchy.
HSE's current enforcement advice to construction inspectors in relation to the use of SLS is
that as long as the systems are properly installed, maintained and are being used correctly , no
regulatory action should be taken. However, this position is based on a lack of evidence that
falls on to SLS result in injury. In this regard, regulation 6of the Work at Height Regulations
2005 requires (where work at height is necessary) the employer to take suitable and sufficient
measures to prevent any person falling a distance liable to cause personal injury. If a fall is not
liable to cause personal injury then the Regulations are not applicable.
It is impossible to exclude the possibility that a fall into an SLS could result in injury,
particularly as the impact velocity increases with the height of fall. HSE’s construction
inspectors recognised that they lacked information about the risk of injury associated with falls
from height onto a SLS. The lack of such information reduced their confidence in application of
the hierarchy within the Work at Height Regulations 2005. Therefore, this research was
commissioned to establish what information is available on the relationship between the
height of fall and the types of injury sustained when falling onto SLS.
1.2

AIM

The aim of the study was to review existing evidence, to gain deeper insights about the risk of
injury associated with falling into a SLS, and help better inform HSE's operational policy when
regulating in this area. There were three objectives:
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1. To investigate existing data about falls from height and impacts involving SLS or similar
scenarios from which extrapolations can be made;
2. To identify whether any of that data has been linked to likelihood of injury;
3. To establish whether the data shows there is an actual risk of injuries occurring when
construction workers fall onto SLS.
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2
2.1

METHODS

IDENTIFICATION AND INTERROGATION OF INFORMATION SOURCES

2.1.1 Search terms
Database interrogations and scientific literature searches were undertaken using three groups
of identified useful terms/phrases as follows:
Types of SLS systems:
Air bag / Air cushion / Balloon air mat / Collective protection system / Crash mat / Cushion mat
/ Cushioned impact / Floor mat / Floor padding / Foam mat / Foam pit / Impact surface /
Landing mat / Landing pit / Landing surface / Safety net / Soft impact / Soft Landing System /
Soft surface.
Nature/sector of fall:
Accidental fall / Construction industry / Critical height / Dynamic / Fall arrest / Falls from
height / Fall protection / Free fall / Height of fall / Impact protection / Non-fatal / Padding
characteristics / Passive fall / Risk factors.
Injury outcomes/Mitigation factors:
Compressive property / Effectiveness / Epidemiology / Evaluation / Fall injuries / Impact force /
Impact injuries / Impact absorption / Injury outcomes / Injury severity/ Mitigati on effect /
Nature of injuries / Performance / Risk of injury / Response
These search terms/phrases were agreed with the technical customer.
There were two types of information sources: Statistical sources (data/records of incidents)
from various industry sectors, and Literature sources (published articles, and reports of
incidents).
2.1.2 Literature sources
These were mainly databases of the scientific literature, i.e., published research articles/
papers, as well as trade journals, magazines and newspaper articles on incident reports.
Search procedures
First, a general literature search of the databases for relevant information on SLS use and
incidents in various industry sectors was undertaken by the HSE Library and Information
Services (LIS) team on behalf of the project, utilising the agreed search terms/phrases. The
databases searched included MEDLINE, Embase, Iconda and Health and Safety Science
Abstracts (on the Proquest platform), Web of Science, Ergonomics Abstracts, OSHROM, Osh
Update, PubMed, Mendeley, SafetyLit, Scopus, and Science Direct.
Secondly, web-based searches were undertaken by the project team (Technical lead and coopted persons as required), using the Google and Google Scholar engines, to supplement the
HSE LIS team searches. This was mainly to obtain information from related trade organisations,
sources such as the Institution of Occupational Safety and Health (IOSH), the Construction
Industry Training Board (CITB) and their international equivalents. It was expected that looking
at information from overseas would provide insights into other/different approaches for
deployment of SLS.
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In all the searches undertaken, articles published after 1989 were sought. 1990 was set as the
earliest date for the searches, because, according to Cameron et al. (2005) it was not until
around the end of the 1990s that the principles of air impact cushioning were applied to fall
arrest in the construction industry.
For inclusion, the study had to involve adult participants (16years of age and older), be about
an activity where an accidental fall from height was possible, and involve or give consideration
to use of SLS type fall arrest intervention such as an air mat, landing mat, landing pit or inflated
bag. Randomised controlled trials, Systematic reviews, cohort studies, and case reports were
sought. Laboratory studies were excluded because they often do not reflect what obtains in
real work situations.
Level of evidence
The evidence for the effectiveness of SLS of the studies identified from the searches that
satisfied the criteria for inclusion was based on methodological quality using the Scottish
Intercollegiate Guidelines Network (SIGN) level of evidence system (illustrated in Table 1). This
set of guidelines is used to assess the quality of evidence during the development of
systematic reviews and guidance in public health.
Table 1
Level (score)
1++
1+
1-

The SIGN levels of evidence

Type of evidence
High quality meta-analyses, systematic reviews of randomised controlled
trials (RCTs) or RCT with a very low risk of bias
Well conducted meta-analyses, systematic reviews of RCTs or RCTs with a
low risk of bias
Meta-analysis, systematic reviews of RCTs or RCTs with a high risk of bias

Quality
Excellent

Good

2++

High quality systematic reviews of case-control or cohort studies, high quality
case-control or cohort studies with a very low risk of confounding, bias, or
change and a high probability that the relationship is causal

2+

Well conducted case control or cohort studies with a low risk of confounding, Fair
bias, or chance and a moderate probability that the relationship is causal

2-

Case control or cohort studies with a high risk of confounding, bias, or
chance and a significant risk that the relationship is not causal

3
4

Non-analytic studies, e-g case reports, case series
Expert opinion

Poor

For evaluating the effectiveness of an intervention, RCTs that involve a range of different
populations, settings and circumstances generally provide the best evidence followed by
systematic reviews (Evans, 2003; Nutley et al., 2013). Other methods such as non-randomised
control trials, uncontrolled trials and studies with historical controls produce results that are at
greater risk of error and constitute poorer evidence. The poorest level of evidence tends to
associate with descriptive studies, expert opinions and poorly conducted studies.
2.1.3

Statistical sources

Effort was made to obtain and interrogate databases of incident data that included injuries to
workers (particularly in construction), and associated with use of SLS from two main sources,
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UK and Non-UK. The purpose of the interrogation of the databases was to obtain objective
evidence of the nature and extent of the problems associated with the use/deployment of the
SLS, and to provide evidence of the key risks for injury and how these might be contro lled.
UK databases (HSE, RIDDOR/Concerns reports)
The project team had access to the details about recorded RIDDOR incidents received between
2011 and 2018 that related to falls from height in construction and other industries. The
project team also had access to 11 months records of reports from the public of health and
safety concerns recorded in HSE’s corporate databases (February to December 2015). These
were the sets of data available at the time the project commenced. While reporting of
incidents under RIDDOR is mandatory, concerns reports are made voluntarily.
Non-UK national datasets
Requests for incident data and/or access to the incident databases were made to other EU and
non-EU national Regulatory Health and Safety organisations as follows:


EU/EU affiliated nations (n=3).
o
o
o



Denmark – EU Advisory Committee on Safety and Health
Republic of Ireland – Health and Safety Authority; EUAdvisory Committee on
Safety and Health
Sweden – The Swedish Construction Federation; EUAdvisory Committee on
Safety and Health

Non-EUNations (n=5).
o Australia – Safework; Australian Bureau of Statistics
o New Zealand – Scion Research Institute; Stats NZ; Worksafe New Zealand.
o Norway – EU Advisory Committee on Safety and Health
o Turkey – Ministry of Family, Labour and Social Services
o USA – Occupational Safety and Health Administration (OSHA)/Department of
Labour; National Institutefor Occupational Safety and Health (NIOSH)

Contacts (See Appendix C) at the identified organisations (provided by the HSE International
Office team) were e-mailed to ask about their country’s experience of the use of SLS as a
control measure to reduce the consequences of falls from height.
2.2

ORGANISION OF CONTENT

Statistical sources
The RIDDOR incident reports database and concerns database identified were
interrogated/sifted using the key words identified to ensure that only the most relevant and
most recent incidents i.e., post 2010 were selected.
The basic incident/case data were reviewed and analysed in terms of accident/hazard types,
activities undertaken, type of SLS involved, organisation size and location of incident, etc.

12

Literature sources
The abstracts identified through the LIS team searches and from the online searches
undertaken, were reviewed by the project team and full copies of the most relevant articles
were retrieved and reviewed. The information from the studies were analysed and
categorised, where possible, by accident details and injury severity/classification.
2.3

INCLUDED AND EXCLUDED SLS AND INJURY SITUATIONS

For this project, the term SLS only referred to the following broad categories:



Balloon-type structured air-mats pre-filled to a desirable internal pressure or
maintained at a constant internal pressure by a small air pump, or filled with air
pockets;
Soft-filled cushion structured mats of tear-resistant man-made fabric and containing a
resilient but compressive material such as polystyrene;

The following types of injury situations were excluded from consideration:



Injuries/fatalities related to improperly installed, positioned or maintained SLS
systems;
Injuries/fatalities associated with personal fall arrest systems (e.g. harnesses).
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3
3.1

RESULTS

THE SCIENTIFIC LITERATURE

3.1.1 Study selection and designs
The search strategies applied yielded more than 50 studies about risk of injury in falls from
height onto soft surfaces, but these were mainly about landings by children onto play
area/ground surfaces and landings by the elderly onto compliant floors and mats in care
homes and hospital environments. No study was found that specifically investigated injury
effects of landings on SLS in construction and other industrial environments. Based on the
inclusion and exclusion criteria, nine epidemiological studies that suggested an association
between injury and use of SLS were selected for full review; the summary details of the studies
are presented in Appendix A. Three of the selected studies concerned injuries from accidental
falls and six studies concerned injuries from intentional falls such as occur in some sports and
recreational activities.
Relative to study design, the search strategy did not find any randomised controlled trials of
SLS. Three of the nine selected studies were case reports or case series studies (Kok & Chong,
2005; Rechnitzer, 1999; Wyatt et al., 1996); one was a prospective cohort study (Josephsen et
al., 2007); one was a prospective injury surveillance study (Shields & Smith, 1999a), two were
retrospective surveillance studies (Limb, 1995, McFaull & Keays, 2013) and two of the studies
were systematic reviews (Zemper, 2005; Daly et al., 2001).
3.1.2 Risk of injury and use of SLS
Zemper (2005)’s systematic review of the literature on injuries to children (≤18years old)
participating in track and field events, found that pole vaulting was the activity responsible for
the majority of catastrophic injuries in field sporting events reported over a 20 year period.
Seventeen fatalities, 8non-fatalities and 6serious injuries were identified, and all these
injuries involved the athlete bouncing out of the landing pit and onto the ground or landing off
the landing pit.
Limb (1995) found from a survey of rock climbers, that upper limb injuries were
proportionately more common for centres where thinner fixed position landing mats were
provided, than at centres where the foam mats provided were thicker and moveable. The link
between the injuries and falls onto the landing mats was not specifically investigated.
Shields & Smith (1999a) undertook a prospective injury surveillance study to describe the
epidemiology of cheerleading fall-related injuries by type of team and event. Results showed
that at the time of injury, 38% (29/79) of the cheerleaders surveyed were performing on a
traditional foam floor; 20.2% (16/79) were performing on a spring floor, and 7.6% (6/79) were
performing on a type of cushion mat. Unfortunately information on the rates at which the
different types of floors were used was not provided.
McFaull & Keays (2013) described the epidemiology and characterised the temporal trend of
Canadian emergency department presentations for injuries relating to inflatable amusement
structures among children and youth using case reports over a 20-year period. Of 674 cases
identified, only 2were occupational; in both cases the employee was injured after they fell
from the structure. For the non-occupational cases, bad landings and ejections were the most
common mechanisms of injuries, accounting for about 70% of incidents.
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3.1.3 Injury and fall height
Only one study was found that provided insights in this regards for falls onto SLS, i.e. the study
by Shields & Smith (2009a). This study showed that injuries sustained while cheerleaders were
practicing and or performing on concrete occurred at an average fall height of 0.61 m and
injuries sustained while performing on a mat occurred at an average fall height of 1.22 m; the
highest average fall height documented was for artificial turf (1.77m). However, the findings
relate to landing mats which were relatively thin cushions, and are not reflective of the
characteristics of the thicker inflatable or polystyrene chip filled bags that are used on UK
construction sites.
Another study by the same authors (Shields & Smith, 2009b) provides more fundamental
insights. The study investigated the critical height for selected surfaces (Artificial turf ; Asphalt;
Carpet; Concrete; Dirt; Grass; 0.1 m Landing cushion mat; Rubberised track; Spring floor;
Traditional foam floor; Vinyl tile floor; Wood gym floor) at or below which a serious head injury
from a fall is likely to occur. Results showed that critical height for the surfaces tested ranged
from 0.15 m for concrete and vinyl tiles installed over concrete to more than 3.35 m for a
spring floor. Spring floors and 0.1 m thick landing mats placed on traditional foam floors had
the highest critical heights greater than 3.20 m. The authors concluded that falls onto an
impact-absorbing surface are less likely to cause a serious injury than falls onto a hard surface.
The potential for serious head impact injuries can be minimised by increasing the shockabsorbing capacity of the surface, decreasing the height from which the person falls, or both.
Two other studies (Içer et al., 2013 and Nadhim et al., 2016) were found, which though they
provide useful insights, are about falls to the ground; they do not give consideration to falls
onto SLS. Içer et al. (2013) investigated factors that effectively reduce mortality caused by falls
from height to the ground by retrospective analysis of data from 2252 trauma patients who
presented to an emergency service. They reported mean heights of fall of 3.09 ± 2.77 m and
6.61 ± 5.73 m respectively for survivors and those who died, and concluded that severity of the
injury suffered is typically proportional to the fall height.
3.1.4 Summary
The majority of the studies were aimed at only identifying associations between different
types of interventions and injury in falls from hei ght, and only one study provided insight
about risk of injury in a fall onto an SLS due to the height of fall.
3.2

ACCIDENT/INCIDENT AND CONCERNS DATABASES

3.2.1 UK RIDDOR reports
Over the eight-year period defined for the study, there were 45,790 incidents reported under
RIDDOR (as recorded in the HSE COIN database); of these, 21 SLS-related incidents were
identified. Table 2summarises the incidents according to the type of injury, body part, type of
SLS, and how the injury occurred; further details of each incident are presented in Appendix B.
Ten of these were accidental falls not involving striking or being struck by another object
during the fall, seven were accidental falls involving striking or being struck by another object,
and four were intentional drops/jumps.
None of these incidents resulted in a fatality. Eight of the 17 accidental falls involved an airfilled SLS and nine involved a soft-filled SLS. Of the intentional falls, two involved a soft-filled
SLS and two involved an air-mat SLS.
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Five of the accidental incidents were in the construction sector, one in food and drinks sector
(pub cellar), and one each were in the emergency services sector (fire and rescue), the sports
and recreation sector (assault course), and health sector.
The accidental falls that did not involve another object mainly resulted in surface
bruising/discomfort and sprains (seven persons). Two persons suffered fractures and one
person suffered a dislocation. Sprains and fractures were suffered by those who intentionally
dropped or jumped.
Table 2
No.

Height of fall

The summaries of the 15 relevant incidents identified

Type of Injury

Body part

SLS type

How injured

A. Accidental falls, not involving striking or being struck by another object
A1

Not identified

Dislocation

Elbow

Foam crash mat

Impact with SLS

A2

Ceiling height

Sprain

Back

Airbag

Impact with SLS

A3

0.5 m

Superficial bruising

Lower limb

Foam crash mat

Impact with SLS

A4

Not identified

Fracture

Elbow

Airbags

Impact with SLS

A5

Not identified

Sprain

Back

Airbag

Impact with SLS

A6

Ceiling height

Bruise/discomfort

Back

Foam mat

Impact with SLS

A7

Not identified

Sprain

Ankle

Air bed

Impact with SLS

A8

Not identified

Sprain

Back

Airbag

Impact with SLS

A9

Not identified

Bruising

Back

Foam bean bags

Impact with SLS

A10

Not identified

Fracture

Foot/ankle

Foam mat

Impact with SLS

B. Accidental falls, with injury due to striking or being struck by another object
B1

2.4 m

Multiple

Hand

Foam bean bag

Hit scaffolding

B2

Bed of lorry

Bruising

Shoulder

Foam drop pad

Hit by falling keg

B3

Ceiling height

Bruising

Back

Airbags

Hit floor joists as falling
through

B4

Not identified

Sprain

Upper Limb

Foam bean bag

Hit by falling joists

B5

Ceiling height

Bruising

Back

Airbags

Hit floor joists as falling
through

B6

Not identified

Fracture

Ankle

Foam bean bags

Hit scaffolding

B7

Not identified

Fracture

Various sites

Airbags

Hit by falling roof truss

C. Intentional drop/jump incidents
C1

Not identified

Sprain

Back

Air filled bag

Jumped onto SLS

C2

Not identified

Fracture

Feet

Foam pit

Bounced off trampoline
into SLS

C3

Not identified

Fracture

Feet

Airbags

Free dropped/jumped
onto SLS

C4

1.0 m

Sprain

Feet

Foam pit

Jumped into SLS

Relative to height of fall, seven of the ten reports of accidental falls which did not involve
striking or being struck by another object indicated that the worker was injured in a fall from
about ceiling height or below (on the roof truss or somewhere in between). Six of these
workers suffered a minor injury (sprain or superficial soft tissue injury), on impact with an air-
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filled system and two on impact with a cushion/foam filled mat. The seventh worker suffered
an elbow joint fracture injury on impact with an air filled bag. In two other reports the worker
suffered a dislocation or fracture injury, but the details provided were not clear enough to
characterise the height of fall.
Striking a fixed object while falling or being struck by a falling object was the cause of injury in
seven reports, not impact with the SLS. In two cases, falling through joists or roof trusses
resulted in injuries to the torso.
3.2.2 UK concerns database
There were 12,726 concerns reports recorded in the database. The majority of the concerns
were about observations/sightings of workers working on roofs or scaffolds with insufficient
fall protection. Seven concerns including a reference to an SLS were identified, of which four
were about how the devices are used; these concerns are summarised in Appendix B.
Three of the four concerns identified as relevant to the study were about lack of collective fall
protection and one concern was an enquiry for advice on safe working practices, including
whether it was safe to use an airbag in particular circumstances. One concern seemed to
associate fall onto an airbag SLS with increased risk of injury.
3.2.3 Non-UK information
Replies to the request for information were received from organisations in one of the three
EU/EU affiliated nations contacted and four of the five non-EUnations contacted. The details
of the contacts and the outcomes are presented in Appendix C.
None of the replies from the five countries included specific information about the risk of SLS
related injury in construction. This was attributed to one or more of the following factors:





SLS are not used or permitted within the national regulatory regimes; as such they do
not have experience of investigating incidents involving them (Norway & USA).
They were not aware of previous research activities on this type of protective
technology.
The available data/information was insufficient to enable any meaningful insight to be
gained (Ireland & Turkey).
The available data on falls from height incidents was not held to the level of detail we
required; reports on incidents are not currently collated to the level of granularity that
was requested (New Zealand).

The feedback from the Republic of Ireland (the most comprehensive feedback received)
indicated that SLS are used, though not widely, and usage is often restricted to specific
activities such as laying of concrete slabs and when laying joists or roof trusses. Furthermore,
the feedback indicated that no fatal or serious injury incidents involving their use have been
reported, and that SLS are often misused by workers when they are implemented (e.g. work
tools are thrown down and workers jump down on them as a means of getting to ground level
quicker). It was also stated that their use is challenged by Health and Safety Authority (HSA)
Construction Inspectors as they do not provide fall protection but only mitigate consequences
of a fall. They were also described as being used in conjunction with fall arre st devices. This
contrasts with the hierarchy of control in the UK that prefers use of collective systems such as
SLS to the use of personal systems such as fall arrest systems.
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3.2.4 Summary
Though a number of SLS related fall from height RIDDOR incident reports and concerns reports
were found, they do not demonstrate that residual risks of the use of SLS are causing injuries.
This is mainly because:



The reports generally do not give information about the height of fall and the size,
state of repair and quality of the installation of the SLS;
The concerns raised were mainly about unsafe working practices on construction sites
that did not have collective fall protection systems in place. One concerned worker
who had landed on a safety bag would have preferred the use of an internal scaffold to
provide fall protection instead. One other concern was a query about the appropriate
use of air bags.

The very limited survey of other nations showed little evidence that SLS are in use outside the
UK. The HSA in the Irish Republic challenges their use as they do not discourage falls from
occurring.
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4
4.1

DISCUSSION

FALLS FROM HEIGHT AND IMPACT FORCES INVOLVING SLS

Studies reviewed indicated that the forces and decelerations associated with falls onto SLS are
considerably lower than those associated with impacts onto the ground. However, no evidence
was found supporting injury in accidental falls from height incidents involving a properly
installed SLS.
None of the epidemiological studies reviewed involved RCTs methodologies, and none
provided any quantitative data directly linking falls from height with impact injury involving a
properly installed and functioning SLS. The majority of the studies were case studies or case
series reviews, and the majority of the studies were about intentional drops/jumps. The two
systematic reviews only provided expert opinions in this regards (the comments were not
supported by factual data). Considering that SLS are designed to reduce impacts and therefore
reduce the risk of injury, it is not surprising that RCTs based studies were not found.
None of the reviewed papers discussed the use of SLS in the construction industry but dealt
mainly with sports and recreational incidents; Rechnitzer (1999) for example, analysed the
cases of two stuntman fatalities. The types of SLS in the studies varied widely, from relatively
thin (≤ 0.3 m) cushion landing mats (used in gymnastics and cheerleading)to thicker landing
pits used in various field and track sporting events and air inflatable amusement structures .
Not only were the majority of the devices discussed in the studies quite different in size and
design from SLS that are recommended and used in construction settings, the fall scenarios
described also generally did not reflect the types of falls that occur in construction.
The lack of quantitative data and the wide differences between the falls scenarios discussed
makes it difficult for extrapolations to be made about the use of SLS in construction.
4.2

LIKELIHOOD OF SLS RELATED INJURY

The review of RIDDOR and concerns reports found an appreciable number of occupationally
related falls from height involving SLS. This finding raises a real question about the residual risk
of injury associated with landings on SLS.
In terms of bodily damage on impact, two main factors that contribute to the likelihood of
injury in falls from height onto a fully functioning SLS are:



The energy absorbed by the body at impact, which is related to the kinetic energy of
the falling body right before impact
The stopping distance, i.e. the penetration of the falling body into the surface of the
SLS (Granhed et al., 2017).

In this regards, biomechanical studies involving human subjects and studies made on
anthropomorphic test dummies and other replica systems give important insights into the risk
of injury and injury mechanisms in impacts (Rechnitzer, 1999; Camacho et al., 2001; Seegmiller
& McCaw, 2003; Wen & Yang, 2010; Hino, 2012; Xiao et al., 2017). Furthermore, a specification
for collective fall arrest soft landing systems (BSI, 2014), includes a dynamic impact
performance verification test that needs to be satisfied before a system is put into service. This

19

test requires that the measured deceleration of an instrumented 100 kg drop weight in three
impacts with an SLS shall not exceed 14 g , when it is dropped in free fall (2 ± 0.05) m from the
upper surface of the test sample.
Rechnitzer (1999) investigated the relative risk of injury performance of two types of landing
airbags in high falls (9.2m and 15.3 m) to the centre, off-centre and edge of the bag (in terms
of deceleration of a freely dropped human surrogate 100 kg LPG gas cylinder). Both airbags
performed satisfactorily for centred and off-centred falls, in that, for both drop heights, the
test cylinder was decelerated by the airbag without contact with the ground. When the impact
was near the edge of the bag, performance was not satisfactory as the cylinder was not
adequately decelerated by the bags, and impacted the ground with a residual velocity (3.3 m/s
for 9.2 m drop and 7.4 m/s for 15.3 m drop).
Sands et al. (1991) studied the deceleration (including penetration depth) characteristics of
two types of gymnastics landing foam pits (uniformly cut foam blocks-UPG and randomly torn
up foam pieces-NUF) in a series of simulated unplanned falls. Peak resultant accele rations of
the head and iliac crest were recorded along with pulse durations. The penetration depths
were determined by measuring the difference between initial foam height and final resting
height of the participant. The foam pit was filled to overflowing with the relevant foam pieces.
Eight volunteer participants fell 2.36 m to a ‘back drop’ landing in the pit, from being
suspended on a rail (they held onto the rail with both hands and feet). The peak g values
obtained from the falls ranged from 4.45 to 6.45 g, which were much lower values compared
to data collected from a previous study for two stacked 10 cm thick landing mats and an old 30
cm thick bi-fold landing mat (9.7 g to 15.8 g). The penetration depth of the pits varied from
76.0 cm to 31.8 cm over the course of fifteen falls. The greatest depths of penetration
occurred during the early drops; as the foam compressed, the penetration depth decreased.
Not only do the g values obtained from the study indicated that foam pits result in
considerably lower accelerations during impact compared to the thinner landing mats, they
indicate a low likelihood of impact injury in falls into foam pits as the values are also well
within the maximum 14 g value recommended in BSI (2014).
Camacho et al. (2001) studied the mechanical relationships between surface padding
characteristics and injury risk during impacts near the head vertex , using a validated
computational head-neck model. The findings demonstrated that injury risk can be decreased
by maximizing the energy-dissipating ability of the pad, choosing a pad stiffness that
maximizes pad deformation without bottoming out, maximizing pad thickness, and minimizing
surface friction.
The studies suggest that forces and decelerations associated with fall onto an SLS through a
distance within its design specification are within tolerable levels for humans, and they are
lower that what have been associated with injury occurrences.
Based on these observations, the indications are that the risk of injury in such a fall is low,
particularly when the system is of sufficient thickness to avoid bottoming out to the ground on
impact, and the energy dissipating ability of the system prevents bouncing.
4.3

RISK OF INJURY FOR CONSTRUCTION WORKERS

The review of RIDDOR and concerns databases found an appreciable number of occupationally
related incidents (n=17) that involved impacts with SLS in accidental falls from height; ten of
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these incidents did not involve other objects. Five of the ten incidents that did not involve
other objects are construction related. The reports found did not mention defects in the SLS,
and the majority provided sufficient descriptions to help characterise the height of fall
involved, the role of other objects in causing injury, and the position of the body at impact.
However, none of the reports was explicit on the characteristics of the SLS involved i.e. the
design features including thickness or where the SLS was impacted in the fall.
In addition to the rate of deceleration and the composition of the impact surface, four other
factors that may influence the extent of injury sustained in a fall onto a SLS are the height of
the fall, the nature of the activity, whether other objects strike or are struck by the falling
person, and the position of the body at impact.
Relative to the height of fall, seven of the reports about accidental falls indicated that the
worker was injured in a fall from about ceiling height or below (on the roof truss or
somewhere lower). Two of these workers who fell onto an air-filled system and one that fell
onto a cushion/foam mat suffered only minor injury (sprain or superficial soft tissue injury). In
three other reports, the worker fell directly onto the SLS and suffered a dislocation or fracture
injury. However, the details provided were not clear enough to help characterise the height of
fall.
Several of the studies reviewed for the current study suggested for falls into SLS that risk of
injury is increased when the fall is from an appreciable height (≥ 2.5 m), is towards the edge of
the device, or impact occurs with bottoming out to the ground (Cameron et al., 2005; Limb,
1995; Wyatt et al., 1996; Shield & Smith, 1999b, Rechnitzer, 1999). It may then be that the
injuries suffered by the workers in the reported incidents were actually due an excessive fall
height, or inadequate depth of the SLS, which resulted in bottoming out and impact with the
floor. For a properly installed and fully functioning SLS, these observations suggest for
construction workers that the risk of an impact injury is low, particularly in accidental fall
situations, when the distance of fall to the SLS is less than 2.5 m or within what is
recommended for the particular SLS.
Collision with another object was the cause of injury in seven reports, not impact with the SLS,
the position of the body at impact was often such that soft tissue areas were involved. There is
therefore a separate risk of injury when there are physical obstructions, such as beams or roof
trusses, within the fall trajectory. There is another risk of injury if a falling person strikes other
people or objects that have already fallen onto the SLS of if tools or construction materials fall
onto someone who has landed on an SLS.
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5

CONCLUSIONS

The scientific literature contains a number of reports relating to falls in sports and leisure onto
SLS but nothing in relation to the construction industry. The lack of quantitative data and the
wide differences between the falls scenarios discussed makes it difficult for extrapolations to
be made about the use of SLS in construction.
HSE databases contain an appreciable number of occupationally related falls from height
RIDDOR incident reports and concerns reports involving SLS. However, the reports did not
demonstrate clear links between injury and impact with the SLS. To be useful in this regards,
incident reports need to provide clear descriptions to help characterise the height of fall
involved in the incident and they need to be explicit on the characteristics of the SLS involved
i.e. the design features including thickness and where the SLS was impacted in the fall.
When a person falls a distance less than the rated fall arrest height (typically 2.5to 2.7 m) onto
a properly installed and fully functioning SLS, such as may be used on construction sites:



The forces and decelerations associated with the impact are within tolerable levels for
humans and lower than what have been associated with impacts onto the ground.
The risk of injury is low when the device is of sufficient thickness to avoid bottoming
out to the ground on impact, and the energy dissipating ability of the SLS prevents
bouncing.

If the person lands near the edge of the SLS there is an increased risk of injury d ue to the SLS
bottoming out.
There is a separate risk of injury when there are physical obstructions, such as beams or roof
trusses, within the fall trajectory. There is another risk of injury if a falling person strikes other
people or objects that have already fallen onto the SLS of if tools or construction materials fall
onto someone who has landed on a SLS.
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7.1

APPENDIX A

THE STUDIES ABOUT RISK OF INJURY IN ACCIDENTAL FALLS FROM HEIGHT

Citation

Josephsen et al. (2007)

Publication type

Scientific paper: Journal, peer reviewed

Study type/evidence level

Epidemiology, prospective cohort study / 2+

Study location

USA

Industry/Sector

Recreation/Boulder climbing

Type of SLS

Foam-filled fall arrest/safety pads

Topics covered

Climbing wall; injuries; safety mats

Aim/objectives

To investigate the prevalence and incidence of injuries. The objectives
were:
1)
2)
3)
4)

Methods

to determine the incidence and prevalence of bouldering injuries
sustained during the 3 activities involved in the sport (climbing
boulders, falling, and spotting other climbers),
to describe patterns of injury,
to analyse injury prevention strategies and their frequency of use, and
to compare injuries and prevention strategies between indoor and
outdoor boulderers.

This study consisted of 2 phases. The ﬁrst involved a survey to evaluate
characteristics of a cross section of athletes participating in the sport of
bouldering indoors and outdoors.
The second phase followed 2 cohorts of boulderers (indoors centres and
outdoors) to assess their experience and injuries over a period of 12
months. A follow-up internet survey assessed new injuries and use of
injury prevention techniques.
Injuries during the 12-months of study were the primary outcome
measures. These injuries were divided by anatomical location and by the
activity during which they occurred, specifically, while climbing the
boulder, while falling and striking the ground or pad, or while spotting
another bouldering athlete.
A questionnaire instrument was used to obtain information about injuries
suffered by body part and the activity during which each injury occurred .
Nine potential risk factors were also investigated, including, years of
bouldering experience and use of preventative fall arrest pads.

Relevant findings



During the 12 months of the study, injuries sustained while falling
were less common in the outdoors cohort vs indoors (7 [23%] vs 11
[50%]; 95% CI 2 to -53). However:
o

o


The incidence of speciﬁc injuries from falling did not differ among
cohorts; the most common locations included the ankle (4 [13%]
outside vs 7 [32%] indoor; 95% CI -8 to 46), and the foot (2 [6%]
vs 2 [10%]; 95% CI -13 to 18).
The incidence of the injuries was unrelated to any of the
potential risk factors investigated, including use of pads in falls.

Prevalence of injuries sustained while falling differed between the
cohorts, such that for all injuries, those climbing outdoors (49%) were
more likely to be injured than those climbing indoors (30%; 95% CI -35
to -2). However:
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Citation

Josephsen et al. (2007)
o




The prevalence of the injuries was unrelated to potential risk
factors including use of fall arrest pads.

Use of fall arrest pads was the most commonly used preventative
measure against fall related injuries (46% of respondents), but this
was not significantly different between the cohorts.
Though the study did not find a relationship between falling injuries
and use of fall arrest pads (singly or in multiples), it did not investigate
whether those who reported using preventive measures were actually
using them when injured or the frequency which they were used. It is
therefore possible that no one was injured while using a preventative
measure and that all injuries occurred when no preventive measures
were used.

Citation

Limb (1995)

Publication type

Scientific paper: Journal, peer reviewed

Study type/evidence level

Epidemiology, retrospective cohort study / 3

Study location

UK

Industry/Sector

Recreation/Wall climbing

Type of SLS

Foam-filled fall arrest/safety mat

Topics covered

Climbing wall; injuries; safety mats

Aim/objectives

To investigate the incidence of major injuries on these particular facilities.
To determine the incidence and nature of injuries requiring emergency
treatment associated with their use.

Methods

A postal survey was carried out of the 90 most accessible climbing walls in
England, Scotland and Wales. The survey requested details of the
construction of the wall, safety features and equipment, and the climbing
styles allowed.
A record of significant injuries occurring in a two year period was also
requested (significant injury was defined as one requiri ng the injured
party to be transported to a local casualty department for emergency
treatment.
Thirteen of the walls (23%) were visited after receipt of the completed
questionnaire to check on the accuracy of reported data.

Relevant findings







Over a two year period, representing 1.021 million visits to the 56
walls used by more than 30 climbers per week, 55 significant injuries
were recorded.
Walls which imposed restrictive regulations regarding the use of
equipment and the presence of an instructor did not have a lower
injury rate.
The provision of safety mats did not influence the injury rate, but did
seem to have some influence on the pattern of injuries; a larger
proportion of upper limb injuries occurred on those walls which
provided thin and/or fixed landing mats rather than thick and/or
moveable mats that required prepositioning by the climber.
o
o

When extensive thin matting or flooring was provided, it was
meant to absorb falls close to ground level.
The average thickness of fixed mats or cushioned flooring at the
centres was 7.2 cm, while that of the moveable (crash mats) was
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35.6 cm.
o Though there was a higher injury rate for walls providing fixed
mats, this did not reach statistical significance. While more upper
limb injuries were associated more with use of thin mats, more
ankle injuries were associated with use of thicker (up to 50 cm)
crash mats, due to the foot passing between adjacent mats or
alongside the mat and impacting the floor.
o The seams between linked mats should be closed to prevent the
passage of a limb.
Overall, the rate of injury was very low; climbers seem to modify risk
taking behaviour and thus compensate for the level of safety
equipment available. Walls with concrete floors and no facilities for
roped climbing had a similar accident rate to those with extensive
safety mats and regulations requiring the use of ropes.

Citation

Wyatt et al. (1996)

Publication type

Scientific paper: Journal, peer reviewed

Study type/evidence level

Prospective case series / 3

Study location

UK

Industry/Sector

Recreation/Rock climbing

Type of SLS

Foam-filled crash safety mat

Topics covered

Rock climbing; injury; accident and emergency department

Aim/Objectives

To study the rate, causes, and nature of rock climbing injuries presenting
to an accident and emergency (A&E) department.

Methods

Patients presenting with rock climbing injuries to an urban A&E
department were studied prospectively for one year.

Relevant findings






7.2

Nineteen patients (15 men and 4 women) presented with rock
climbing injuries out of 52 697 new attendances. Eighteen of the 19
climbers sustained their injuries during falls, of between 0.9 m and
12.2 m, and 15 climbers were involved in falls to the ground, rather
than against the rock face after being saved by the rope.
Twelve of those that fell had fractures; the remaining seven had soft
tissue injuries.
Fourteen climbers were injured in falls from outdoor cliffs and five
were injured in falls from a local indoor climbing wall, i.e., at centres
where safety mats were used but noted to be in poor condition.

SCIENTIFIC STUDIES ABOUT RISK OF INJURY IN INTENTIONAL FALLS FROM HEIGHT

Citation

Daly et al. (2001)

Publication type

Scientific, paper: Journal, peer reviewed

Study type/evidence level

Critical topic appraisal (systematic review) study / 2++

Study location

Australia

Industry/Sector

Sports/gymnastics

Type of SLS

Foam-filled fall arrest pits/landing mats

27

Citation

Daly et al. (2001)

Topics covered

Injury prevention, counter measures, effectiveness, equipment

Aim

To (a) identify the various injury counter measures specific to gymnastics,
(b) critically review the literature describing each injury prevention
measure, and (c) assess, using available risk factor and injury data, the
weight of evidence to support each of these counter measures.

Methods

Critical literature review and analysis. The information for this article was
obtained using the WinSPIRS 4.0 Silverplatter Electronic Reference Library
at Deakin University. This library contains a number of search engines,
including Medline (from 1966 to May 1998) and SPORT Discus (from 1975
to May 1998) which were used to obtain most of the information for this
review. Discussions with key Australian gymnastics organisations and hand
searching of journals and reference lists were also carried out.

Relevant findings









A number of injuries in gymnastics appear to be related to the misuse
or inappropriate use of safety devices and equipment, i.e., foam
rubber landing mats, tumbling mats, crash pads, landing pits,
protected beams, and salto and twisting belts, which are us ed to help
reduce the magnitude of forces imposed on the musculoskeletal
system and prevent injury.
The development and use of some equipment including thicker
landing mats, to prevent injury has been associated with a trend
towards an increase in the difficulty of manoeuvres and risk in skills
performed.
Data from case series studies tend to show that thicker landing mats
and formal instruction on how to fall may reduce the chances of
serious injury. However, the nature of this type of study design does
not allow one to calculate absolute risks of injury, nor test the
hypotheses on the cause of injury.
No formal studies were found that had examined the effectiveness of
gymnastics equipment, particularly matting, on injury prevention.

Citation

Kok & Chong (2005)

Publication type

Scientific paper: Journal, peer reviewed

Study type/evidence level

Case study / 3

Study location

Brunei

Industry/Sector

Recreation

Type of SLS

Inflatable bouncers

Topics covered

Injuries, Safety guidelines

Aim/objectives

To present two cases of injuries sustained while playing on these
inﬂatable bouncers. The report also emphasizes the importance of strict
adherence to the safety guidelines and recommendations laid down by
the manufacturers and consumer organis ation.

Methods

Case discussions

Relevant findings



Case 1: A 20-year-old adult was sliding down an inﬂatable slide
simultaneously with a 5-year-old girl. !t the bottom of the inﬂatable
bouncer, both players took a tumble. The adult player accidentally
rolled over the right lower limb of the child resulting in a greenstick
fracture of the right femur of the child.
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Case 2: A 17-year-old boy sustained a closed comminuted fracture of
the distal third of the left humerus while playing on an inﬂatable
bouncer. He apparently sustained the fracture after falling in a
jumping castle and twisting his left arm under his own weight.

The contributing factors in both cases were lack of proper supervision and
allowing children and adults to play at the same bouncing session.

Citation

McFaull & Keays (2013)

Publication type

Scientific paper: Journal, peer reviewed

Study type/evidence level

Retrospective case series study / 3

Study location

Canada

Industry/Sector

Recreation

Type of SLS

Inflatable bouncers

Topics covered

Injuries, Safety guidelines

Aim/objectives

To describe the epidemiology of inflatable-related injuries presenting to
Canadian emergency departments.

Methods

The Canadian Hospitals Injury Reporting and Prevention Program (CHIRPP)
is an injury and poisoning surveillance system presently operating in the
emergency departments of all 11 pediatric and 4 general hospitals across
Canada. The CHIRPP was searched for cases of injuries associated with
commercial inflatable amusement structures, over a 20-year period
(between 1990 and 2009).
Cases were selected if any of the six contributing factor code fields
contained the code for amusement rides and structures, and if he
narrative fields contained any of the following text strings: inflate, air
castle, bouncy castle, gonflable or moon walker.
All case narratives were reviewed individually and initially records were
separated by location, retaining incidents occurring at fairgrounds, arenas,
public parks, malls, parking lots, commercial recreation areas or on school
grounds.

Relevant findings








Overall, there has been an average annual increase of 24.6% (95% CI:
21.6–27.7), and in the most recent 10-year period, the average
increase was 18.8% (95% CI: 13.8–24.0). From 1990 to 1999, there
were 10.0 cases per 100 000 CHIRPP cases of all types. This
proportion has increased 6-fold to 62.8 cases per 100 000 CHIRPP
cases in the period from 2000 to 2009 (p < .0001).
Fractures represented over one-third (34.5%) of all injuries, and the
lower extremity was the most frequently injured body region (40.3%).
About 13% of all injuries were to the head and face, and of those,
48.9% were brain injuries and 3.3% were fractures (scull/facial).
Most of the structures involved were ‘‘jump houses’’ or ‘‘bouncy
castles’’ (74.3%).
Bad landings and ejections were the most common mechanisms of
injuries, accounting for about 70% of incidents. Ejections were most
common on slide structures, occurring in 61 of 135 (45.2%) cases.

The authors concluded that the literature on injuries associated with
inflatable structures is not extensive, and that the number of injuries
associated with commercial inflatable amusement structures appeared to
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be increasing. They suggested that injury prevention efforts should focus
on standards and operator error.

Citation
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Publication type

Scientific paper: Conference proceedings

Study type/evidence level

Case study / 3

Study location

Australia

Industry/Sector

Entertainment/Movies

Type of SLS

Air-filled Safe landing bag (with top and bottom chambers)

Topics covered

Height of fall, injury causal factors; equipment design deficiencies

Aim/Objectives

The aim was to present and discuss investigation results and
methodologies for two falls from height into safety landing airbags. The
objective was to clarify the benefits to be gained from in-depth
investigations incorporating experimental techniques and analytical
methods drawing on the laws of physics and engineering.

Methods

Investigations of the deaths of two stuntmen in separate incidents
involving high falls onto stuntmen airbags.




Case 1: Person was practicing high fall from a scissor lift onto an
airbag. Had completed 14 jumps into the centre of the bag on the
day, but in the fatal jump landed near the far end of the bag. The
deceased was found unconscious on the bag; suffered severe head
injury with extensive skull fracture, brain swelling and traumatic
subarachnoid haemorrhage.
Height of fall-10 m approximately, height of platform from the
ground.
Case 2: Person was practicing jumps from the top of a wheat silo,
ahead of a jump scene for a movie being filmed. Had performed a
practice jump from the silo without incident, and after which empty
cardboard boxes were added around two sides of the airbag, as an
intended added safety precaution. During the jump for filming of the
stunt, he launched himself from behind and apparently too far, as he
landed towards the edge of the bag with his feet hitting the
cardboard boxes; his head and torso on the bag. Deceased received
severe head injuries, specifically, multiple fractures of the scull with
lacerations of the brain.
Height of fall-25 m from the ground.

Experimental investigation: to determine the relative performance of the
airbags in terms of deceleration of a ‘human-surrogate’ in high falls to the
centre, off-centre, and edge. More specifically, the likely cause of the
head injuries suffered by the two deceased persons.
Equipment: 100 kg LPG gas cylinder (human surrogate)
Independent Variable (IV): Drop height (9.2 m; 15.3 m); Drop position in
bag (centred, off-centre, near edge). Three drop tests per bag.
Dependent Variable (DV): Deceleration response of mass landing on the
airbag from height.
Relevant findings



Both airbags performed satisfactorily for both the centred and off centred falls, in that the test cylinder was decelerated by the airbag
without contact with the ground.
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Both the top and bottom chambers made significant contribution to
decelerating the test mass.
For the impacts near the edge of the bag, the bags’ performance were
not satisfactory as the cylinder was not adequately decelerated by the
bag, and impacted the ground with a residual velocity (3.3 m/s for 9.2
m drop and 7.4 m/s for 15.3 m drop).

The severe head injuries received by the stuntmen can be attributed
to them impacting the airbags near the edge, with consequent
bottoming out of the airbag.

Citation
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Publication type

Scientific paper: Journal, peer reviewed

Study type/evidence level

Epidemiology, Prospective injury surveillance study / 2-

Study location

USA

Industry/Sector

Entertainment/Cheerleading

Type of SLS

Foam-filled landing mats

Topics covered

Injury surveillance, athletic injuries, falls from height

Aims/objectives

To describe the epidemiology of cheerleading fall -related injuries, by type
of cheerleading team and event.

Methods

Using Cheerleading RIO (Reporting Information Online), data were
collected for a 1-year period (52 weeks). A reportable injury was defined
as an injury that met all 3 of the following criteria: (1) it occurred as a
result of participation in an organized cheerleading practice, pep rally,
athletic event, or cheerleading competition; (2) it prevented the injured
cheerleader from participating in cheerleading for the remainder of that
practice, pep rally, athletic event, or cheerleading competition or for a
longer period of time; and (3) it required the injured cheerleader to seek
medical attention. Medical attention was defined as treatment meeting all
4 of the following criteria: (1) provided at the scene or at a medical facility,
(2) administered at the time of the injury or at a later date (no more than
2 weeks after the injury event), (3) required as a result of the injury, and
(4) administered by a certified athletic trainer, person trained in first aid,
emergency medical technician, nurse, nurse practitioner, physician
assistant, or physician. Athletic events were defined as sporting events
during which cheerleading teams performed, such as football and
basketball games.
Injury rates, defined as the number of injuries divided by the number of
athlete-exposures, were calculated overall and by type of cheerleading
team. The 95% CI for each injury rate was calculated.

Relevant findings







Fall-related injuries accounted for 14% (79/567) of the injuries
reported to Cheerleading RIO during the study.
Injured cheerleaders ranged in age from 6 to 27 years (mean = 15.5 ±
3.1 years, median = 16 years), and 96% (76/79) were female.
Most of the falls occurred when the injured cheerleader was
attempting a stunt or pyramid (89%, 70/79), and single-leg stunts
accounted for 28% (22/79) of the injuries.
At the time of injury, 38% (29/79) of the cheerleaders were
performing on a traditional foam floor; 20.2% (16/79) were
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performing on a spring floor, and 7.6% (6/79) of the cheerleaders
were performing on a type of cushion mat, i.e., accordion mat (two
cheerleaders), cheer mat (two cheerleaders), and wrestling mat (two
cheerleaders).
 Fall heights ranged from 0.3 m to 3.35 m (mean 1.43 ± 0.61 m),
estimated based on athletic recollection; they were not measured
distances.
 Injuries sustained while practicing or performing on concrete
occurred at an average fall height 0.61 m, and injuries sustained while
performing on a mat occurred at an average fall height of 1.22 m; the
highest average fall height was documented for artificial turf (1.77 m).
The authors concluded as follows:






Most of the serious injuries in the study were sustained on artificial
turf, grass, traditional foam floors, or wood floors from fall heights
ranging from 1.22–1.52 m.
The risk for serious injury increased as fall height increased or as the
impact-absorbing capacity of the surfacing material decreased (or
both).
The incidence of cheerleading fall -related injuries may be decreased
by requiring cheerleaders to perform manoeuvres on appropriate
impact-absorbing surfaces at heights that do not exceed the critical
height for that surface (As defined by the relevant standard).

Citation
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Publication type

Scientific paper: Journal, peer reviewed

Study type/evidence level

Systematic review study / 2++

Study location

USA

Industry/Sector

Sports/Pole vault

Type of SLS

Foam-filled landing pit: 60-80 cm thick

Topics covered

Sports injuries, Track and field, Adolescent, Pole vault

Aim/Objectives

To undertake a review of the existing literature on injuries to youth (18
years old) in track and field or athletics.

Methods

Review of existing literature on injuries to children (≤18 years old)
participating in track and field. The literature review began with searches
of the Medline and SPORT Discus databases for English language articles
using the search terms (adolescent or youth) and (track or field or
running) and injuries. The search covered the literature through the end
of 2003. In addition, personal resources of the author were utilized. Most
of the literature for this sport deals with older individuals.

Relevant findings





Of the field events, pole vaulting was the activity responsible for the
majority of catastrophic injuries, with 17 fatalities, 8 nonfatal and 6
serious injuries over the last 20 years.
All of these 31 injuries involved the athlete bouncing out of the
landing pit and onto the ground or landing off the landing pit.
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APPENDIX B

THE DETAILS OF THE RIDDOR REPORTS

A. Accidental falls with injury associated with landing/impact on an SLS not striking or being struck by another object
No. Date

Employment
status

Injury

Body site

Age band Gender

Dislocation Upper Limb- 25 - 34
Elbow

Employment
sector

Description

Female

Human Health
& Social Work

HART training week and was doing physical training/ height
training session. IP fell from height after ankle gave way
while climbing obstacles, and landed on foam crash mats
installed below. Suffered dislocated left elbow.

A1

13/10/2011 Employee

A2

17/10/2011 Self-employed Sprain

Trunk

45 - 54

Male

Construction

While bracing roof trusses, IP lost footing and stood on a
piece of timber which gave way. The piece of timber had
been temporary fixed to the underside of roof trusses to
straighten out timber frame wall panel. IP fell from height
through the trusses and landed on soft landing airbags
installed below.

A3

17/01/2012 Employee

Superficial

Lower limb

45 - 54

Female

Human Health
& Social Work

IP was working with a student in the sensory integration
room on a piece of occupational therapy equipment when
they slipped and fell from height, approx. 0.5 m, landing on
the safety crash mats installed below, hitting the mat with
right side of body. IP was taken to hospital for a check-up
and diagnosed as suffering soft tissue damage.

A4

21/02/2012 Employee

Fracture

Upper Limb- Unknown
Elbow

Male

Construction

IP was carrying out works to the roof structure and was
working off the scaffold fixing rafters . As they leaned
forward at some point, they lost balance and fell from
height, through the roof structure and onto the soft landing
bags placed below. IP sustained a fractured elbow which
was operated on.

A5

02/05/2013 Self-employed Sprain

Trunk

Male

Construction

IP stood on temporary spacing timber in order to run felt

35 - 44
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A. Accidental falls with injury associated with landing/impact on an SLS not striking or being struck by another object
No. Date

Employment
status

Injury

Body site

Age band Gender

Employment
sector

Description
down a valley. The timber spacer moved causing them to
loose balance. IP fell from height, passed between trusses
and landed on the air bags installed below.

A6

14/07/2014 Employee

Superficial

Back/trunk

A7

14/08/2014 Employee

Sprain

A8

A9

Male

Accommodatio
n And Food
Service
Activities

IP fell from height through the cellar drop hatch onto the
crash mat installed on the floor. IP suffered no major
injuries or broken bones, only some bruising and discomfort,
confirmed by precautionary hospital checks.

Lower Limb- 45 - 54
Ankle

Female

Arts,
Entertainment
& Recreation

IP was taking part in a Total Wipe-out Event and was
negotiating the gaps between the 'Big Red Balls'. IP failed in
attempt to get onto the next Ball and fell from height
between the balls onto an inflated air bed. IP landing
awkwardly and injured the right ankle.

19/08/2014 Self-employed Sprain

Back/trunk

Unknown

Male

Construction

IP moved from the tower onto the roof to check a timber
joist. On stepping onto the joist, which should have been
secured but had not been, the joist moved and IP lost their
balance. IP fell from height and landed on fall arrest airbags
correctly installed below.

05/09/2014 Self-employed Contusion

Trunk

35 - 44

Male

Construction

IP was working on flooring joists which they had previously
installed. An unfixed board slipped from underneath them
leading to them fall from height, through the joist. IP landed
on bean bags installed below.

Lower Limb- 25 - 34
Ankle

Male

Public
IP lost grip while descending the fire stations pole house,
Administration slipped and fell from height onto the foam mat installed
& Defence
below. IP suffered a fractured ankle/heel.

A10 05/04/2015 Employee

Bone
fracture

Unknown
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B. Accidental falls, with injury due to striking or being struck by another object, not impact on an SLS
No. Date

Employment
status

Injury

Body site

Age band Gender

Employment
sector

Description

B1

27/10/2011 Self-employed Multiple
injuries

Several

55 - 59

Male

Construction

IP slipped whilst installing bracing into the pre-formed roof
trusses they were erecting, and fell from height from the
truss, 2.4 m down onto fall protection bean bags installed
directly below in the work area. IP banged the rear of head
on internal scaffolding as they fell and landed awkwardly on
the bean bags.

B2

12/07/2012 Employee

Contusion

Back/torso

45 - 54

Male

Accommodatio
n And Food
Service
Activities

IP was on the back of lorry, had grasp of a 50 ltr keg and was
preparing to drop it from the vehicle onto the foam drop
pad on the ground. IP slipped while adjusting their footing
for the drop, lost balance, and fell from height. IP landed
feet first on the foam drop pad and then rolled onto left
side. Though the pad cushioned the fall, IP pulled the keg off
the lorry as they fell. The keg hit IP's body, and they suffered
some bruising and grazing injury to the shoulder, calf and
face areas.

B3

06/09/2012 Self-employed Contusion

Back/torso

25 - 34

Male

Construction

Whilst laying Egger board flooring to joists on attic trusses,
IP stepped onto a board that was glued and laid in position
by a work colleague in order to nail it in position. The board
slipped creating a void. IP fell from height, through the void
and landed on the fall protection bags that had been
installed in the work area beforehand. IP hit their torso on
the floor joists as he passed through them.

B4

25/07/2013 Self-employed Sprain

Upper Limb Unknown

Male

Construction

While spreading joists, IP leaned over, lost their balanced,
and fell from height onto the bean bag fall arrest system
installed below. Some joists fell onto the IP resulting in
injuries being sustained.

B5

18/10/2013 Employee

Back/Trunk

Male

Construction

IP lost their footing while walking across floor joists and fell
from height through the joists to fall protection bags
installed on the floor below. IP hit torso (ribs area) against

Contusion

45 - 54
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B. Accidental falls, with injury due to striking or being struck by another object, not impact on an SLS
No. Date

Employment
status

Injury

Body site

Age band Gender

Employment
sector

Description
the joists on the way down.

B6

28/04/2014 Employee

Bone
fracture

B7

26/06/2014 Self-employed Bone
fracture

Lower Limb- 45 - 54
Ankle

Male

Construction

IP was applying roof cladding and associated fixings to the
Silo roof when they slipped from the ladder, and slid down
the roof coming to rest against a cushion bean bag and/or
scaffolding. IP suffered injury to one ankle.

Back/trunk

Male

Construction

4 operatives were working at height installing a new roof to
a single storey building. Risk assessments had been done
and as a control in case of a fall from height, scaffold was in
place to the outside of the building and airbags internally. At
some point an installed truss buckled and collapsed after
being excessively loaded. This led to the operatives falling
from height down onto the airbags along with some roof
trusses; approximately 9 trusses @ 170kg each (1,530kg)
collapsed forward and onto the airba gs in a domino fashion.
Some of the operatives became entrapped by the trusses in
the fall. Two suffered no injury, though one of these persons
had their leg entrapped, the two others were entrapped
with one suffering only relatively minor cuts and bruises and
the other heavy back bruising and compression fracture to
the spine from the impact.

35 - 44
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C. Intentional fall incidents
No. Date

Employment
status

Injury

Body site

Age band Gender

Employment
sector

Description

Unknown

Male

Transportation Instead of using the emergency escape system to exit the
& Storage
flight simulator after it became faulty (climb down rope
ladder tube and then drop/fall onto fall arrest bags); IP
jumped down directly from flight si mulator onto the fall
arrest bags. IP landed awkwardly and suffered back and
neck strain injury.

C1

25/04/2013 Employee

Sprain

Back/trunk

C2

07/06/2013 Employee

Fracture

Lower Limb- 45 - 54
Ankle

Female

Education

IP was bouncing on a trampoline when at some point they
turned and double bounced off the trampoline and into the
installed foam pit.

C3

13/06/2014 Employee

Bone
fracture

Lower Limb

20 - 24

Female

Arts,
Entertainment
& Recreation

IP had free dropped/jumped from a specially built platform
onto a giant airbag (2 meter high) fall arrest system and
landed very awkwardly, feet first. IP suffered foot and ankle
injury.

C4

09/03/2015 Employee

Sprain

Lower Limb- 25 - 34
Ankle

Female

Education

IP climbed onto beam and, supported by another staff,
walked down the beam holding their hand before jumping
from the beam at the end into the foam pit. Whilst landing,
it appears that IP stiffened up, landed awkwardly and
injured the right ankle. Later hospital visit confirmed that
the injury was ligament damage requiring rest and the use
of crutches to support movement.
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8.2

THE DETAILS OF THE CONCERNS IDENTIFIED

No. Status of reporter

Risky activity

Concern details

1

Self employed

Unsafe
working
practices

Unsafe handling of excessive weight items , adjusting scaffolding without the correct qualifications , no site inductions
when working on site , no toolbox talks , no method statements or risk assessments to sign. No site managers on site , no
first aiders on sites , no first aid kit , no crash decks, bean bags, air bags or safety netting when working at height on
roofs

2

Member of the
Public

New Build in
existing Culde-Sac

A new domestic property is under construction in the existing cul -de-sac. I have been in the construction profession for
20 years and personally concerned with, possible non adherence to working at height Regs., e.g. absence of fall arrest of
air bags. No toe boards or brick guards; scaffolding; poor security fencing, no appar ent toilet. Next door neighbour has
observed contractors urinating on site. No dust suppression whilst cutting stonework. No PPE. Area is populated by
families with children.

3

Self employed

Working at
height

Can we use a hop up on new construction i.e. building a house when the bricklayers building gable ends 5 meter of the
1st floor are air bags on 1st floor OK or have we got to build a solid platform so they can walk in the trusses to joint the
back of the wall can the bricklayers build over hand and lean over the wall to point up and is there a minimum width for
scaffolding for them to work off i.e. 3 scaffold wide this is for loading out materials spot board on the floor so al l that is
left is one board to work on. Are air bags ok to use for work on gables as we have to walk in the trusses to point up the
air bags and we have to climb in the trusses?

4

Other

False
information
on filled
RIDDOR report

Whilst laying flooring in an attic truss roof on a building site, I, the concerned person (CP) fell through the gap between
two trusses as a fellow worker did not secure a floor board. As a result of this CP was able to fall sustaining bruising to
their chest and broken ribs. CP fell over 2.500 m. Before work started they asked site agent for an internal scaffold to be
put in place but that was declined due to cost and the fact that the main building contractor still use the safety bags for
fall arrest instead of internal scaffold platforms for fall prevention.

5

Member of the
Public

Unsafe
working at
height

Operatives working at height atop a multi storey building with insufficient/no edge protection.

6

Member of the
Public

Roof repairsworking at
height

I noticed 2 builders working on the roof of a private terraced house. One ladder had been placed to the front of the
house with one man stood at the top of it. Another (roof) ladder was just to the side of the 1st one and hooked over the
top of the roof. I watched as another man descended/ascended (then straddled the roof) the roof ladder to collect
materials from the man atop the first ladder then later slide the bucket of Cement? No sign of collective fall protection
and neither were wearing any fall arrest protection.
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No. Status of reporter

Risky activity

Concern details

7

Work at height
with MEWPS
and general
site safety

There is a construction site on Christchurch Road, Ringwood (Pintail business park) where work at height and use of
MEWPS is being very badly managed. I have witnessed operatives using MEWPS without harnesses, standing on the
basket handrails to carry out roof works, using the MEWP as access to climb over the roof edge protection rails onto the
roof structure wall without harnesses or collective fall protection. General PPE compliance is also very lax, no hardhats
are being worn by any operative today!

Member of the
Public
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APPENDIX C

THE DETAILS ABOUT CONTACT WITH OTHER NATIONAL REGULATORY BODIES: EU/EU AFFILIATED COUNTRIES
Nation

Organisation

Details
First
contact

1

Denmark

EU Advisory Committee
on Safety and Health

09/01/19

2

Republic of
Ireland

Health and Safety
Authority

09/01/19

Responses

Outcome
No reply received.

09/01/19
06/02/19

Do not have enough meaningful data to contribute to the research. SLS devices
are used on Irish construction sites but not that common; use is usually restricted
to such activities as laying concrete slabs and sometimes when laying joists or
roof trusses. They are a secondary protective measure used in conjunction with
fall arrest devices. SLS use is challenged by inspectors as they do not provide fall
prevention, but rather only mitigate consequences of a fall.
SLS are often misused by workers where they have been used (throwing tools
down on them or even jumping down on them as a means of getting to ground
level quicker).
No fatal or serious accidents involving their use; non-fatal data is not detailed
enough to determine if SLS were a key factor.
Conclusion for project. HSA Ireland unable to provide further insights; the
available data/information is insufficient.

3

Sweden

EU Advisory Committee
on Safety and Health

09/01/19
27/03/19
The Swedish Construction 29/03/19
Federation

29/03/19

No relevant information provided.
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THE DETAILS ABOUT CONTACT WITH OTHER NATIONAL REGULATORY BODIES: NON-EU NATIONS
Nation

Organisation

Details
First
contact

1

Australia

Safework
Australian Bureau of
Statistics

New Zealand Scion Research Institute
Stats NZ

Responses

No reply received from both organisations.

09/01/19
27/03/19
10/01/19
09/01/19

Outcomes

14/01/19
11/01/19

Injury statistics is produced using data from other agencies and only receive data
at the level of granularity required for those statistics. Do not hold the level of
detail required to assist.
Conclusion for project. Stats NZ unable to provide further insights; the available
data/information is insufficient.

2

Worksafe New Zealand,
Strategy & Performance
Group

15/01/19

18/01/19

Commissioned a research study in 2015 on the costs and benefits of scaffolding in
residential new builds, which did not include any analysis of soft landing systems,
or other forms of fall protection such as netting. The study did not involve a
detailed analysis of accident type or mechanisms. Also undertook a limited
literature review on falls in construction primarily, which relied on data provided
by the HSL.
Furthermore, do not currently collate and report on incidents at the level of
granularity we are seeking.
Conclusion for project. Worksafe unable to provide further insights; the available
data/information is insufficient.

3

4

Norway

Turkey

EU Advisory Committee
on Safety and Health
Occupational Health and
Safety Research and
Development Institute

09/01/19

10/01/19

SLS are not being used in Norway.

27/03/19

29/03/19

Conclusion for project. SLS not used in Norway; information about the risks
associated with their use not available.

14/01/19

21/01/19

21/01/19

22/01/19

Though there are regulatory articles in the national legislation, there is no
practical use of SLS in the field in Turkey.
Conclusion for project. SLS are not widely used in Turkey, no information
provided about the risks associated with their use.
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5

Nation

USA

Organisation

Details
First
contact

Responses

Outcomes

09/01/19

09/01/19
10/01/19

Unable to provide much help. The general industry fall protection standard does
not permit use of SLS so do have no experience with them.

National Institute for
10/01/19
Occupational Safety and
Health (NIOSH), CDC, HHS

11/01/19

NIOSH, Division of Safety
Research (DSR).

11/01/19
15/01/19

Not aware of any NIOSH research into soft landing systems (SLS) to ameliorate the
impact of falls from height in construction or other industries. If we have done
any research on SLS, it would have been through NIOSH’s Division of Safety
Research (DSR), or the NIOSH Construction Safety and Health Program.

OSHA/Department of
Labour

10/01/19

Not aware of any NIOSH research related to soft landing systems. In US
construction, I think that use of netting may be more common than air bag or
mats for soft landings. Air bags and mats may be more prevalent for fire rescue.
Much of the NIOSH supported research on fall prevention in construction has
involved primary prevention measures such as fixed barriers, including handrails,
guardrails, surface opening protections (hole coverings), crawling boards/planks,
and strong roofing materials. Work has also been done on travel restraint (safety
belts) and fall arrest systems (safety harnesses).
Contacts at CPWR and Virginia Tech have little information or experience on safe
landing systems and are unaware of significant research on the topic relevant to
construction safety. SLS are not common on US construction sites.
Approximately 15 years ago, NIOSH participated in discussions concerning safe
landing systems and their potential for use in the construction industry. Following
those discussion, a decision was made not to pursue soft landing system or fall
protection airbag research based upon some practical concerns that were raised
by reviewers. Instead, NIOSH pursued research on fall arrest harnesses and
suspension trauma and published extensively on those topics.
Conclusion for project. OSHA/NIOSH unable to provide further insights.
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Evidence review of the effectiveness of soft
landing systems for preventing injury from
falls when working at height
Soft landing systems (SLS), sometimes referred to as fall
arrest mats or bags, are generally either air-filled mats or
soft-filled mats. They are fall arrest systems designed to
mitigate the risk of injury to workers from falls from height
through distances of up to about 2.5 metres. They began to
be widely used in industry in the early 2000s. In use, they
are laid on the ground or suspended beneath the working
area. HSE inspectors have raised concerns about the
effectiveness of SLS following observations that some duty
holders were implementing these systems as the first choice
of control against injury of workers in falls when working at
height.
This report describes a review to establish what evidence is
available about the risk of a person suffering personal injury
from a fall onto a properly installed and maintained SLS. The
review considers the scientific literature, incident reports
made to HSE, and other sources. The evidence indicates that
that when a person falls less than the rated fall arrest
height, typically 2.3-2.7 m, onto a properly installed SLS : (1)
the forces and deceleration associated with the impact are
within tolerable levels for humans; and (2) the risk of injury
is low when the SLS is of sufficient thickness to avoid
bottoming out and the energy dissipation prevents
bouncing. However, there is an increased risk of injury if: the
person lands near the edge of the SLS; or there are physical
obstructions in the fall trajectory; or if the falling person
strikes other people or objects that have already fallen onto
the SLS.
This report and the work it describes were funded by the
Health and Safety Executive (HSE). Its contents, including
any opinions and/or conclusions expressed, are those of the
authors alone and do not necessarily reflect HSE policy.
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