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1 Contributors  
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on the Safe Restraint of Children Travelling in Motor Vehicles, first developed in 2013.  
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Child Safety 

Dr Kate Hunter George Institute for Global Health, UNSW Public health, Road Safety, 
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Ms Kellie Shewring  Kidsafe Northern Territory  (until 16/5/19) Child Safety, Consumer 
Education 

 

1.2 Project staff 
Dr Jane Elkington (Expert Reviewer, consultant), Jane Elkington & Associates 

 

1.3 Methodological Advisor 
Professor Robert Herbert, Neuroscience Research Australia 
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Belinda Maloney  Royal Automobile Association, South 
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restraint fitting 

John Leditschke  Royal Australian College of Surgeons, 
Queensland Child Trauma Committee 
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(retired) 

Elvira Lazar  Royal Automobile Club of Victoria  Road safety  

David Andrews  State Insurance Regulatory Authority 
(NSW)  Injury prevention 

Dimitra Vlahamitros  National Roads and Motorists’ 
Association (NSW)  Road safety 

Craig Newland  Australian Automobile Association  Vehicle and road safety 
policy 

Jana Leckel  VicRoads  Road safety policy 

Nicole Middleton  SA Department of Planning, Transport 
and Infrastructure (DPTI)  Road safety policy 

Emma Hawkes  WA Road Safety Commission  Road safety policy 

Ali Akbarian  Mobility Engineering  Child restraint fitting 

Tammie Deshon  WA Local Government Association – 
RoadWise Program  Child restraint fitting 

Russ Milner  WA Department of Health  Injury prevention policy 

Kathleen Clapham  University of Wollongong  Indigenous health 

Tracey Rossetto (until 26/3/19)  NSW Department of Education  Transport of children with 
disability 

Joel Tucker & Louise Hart  Royal Automobile Club of Queensland  Road safety policy 

Will Oakley  Royal Automobile Club of Tasmania  Road safety policy 

Derek Wainohu  InfaSecure Pty Ltd  Child restraints 

Brad Bickley  Joie Baby/Nuna Baby Products   Child restraints 

Sebastian Beltrami  Britax Childcare Pty Ltd  Child restraints 
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2 List of abbreviations and acronyms 
 

ATD anthropomorphic test dummy 
AIS Abbreviated Injury Scale 
AS/NZS  Australian Standard/New Zealand Standard 
CDC Centers for Disease Control 
CRS Child Restraint System 
FARS Fatal Accident Reporting System 
FFCR Forward Facing Child Restraint 
HBB High Back Booster  
ISS Injury Severity Score 
MAIS Maximum Abbreviated Injury Scale 
MVC Motor Vehicle Crash 
NASS National Automotive Sampling System  
NHTSA National Highway Traffic Safety Administration 
OR Odds Ratio 
RFCR rear facing child restraint 
RR relative risk 
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3 Introduction 

3.1 Overview of literature review process 
 
The overall review process was that of a literature review conducted systematically to address the research 
question of “What constitutes current best practice in the use and installation of restraints for the 
prevention of serious injuries and fatalities to children as passengers of motor vehicles in the event of a 
crash?” 
 
The aim of the review was to make specific recommendations about each type of restraint used by children 
in order that those people (and organisations) who provide advice to parents and carers of children have 
clear evidence-based advice on the use of restraints for children from 0-16 years of age. 
 
The literature search and assessment involved the following steps (which are described in detail in the sub-
sections below). 
 

1. We conducted a search for all articles related to the effectiveness of occupant restraints (using 
common keywords and synonyms) in protecting children in the event of a motor vehicle crash.  

2. Articles examined were limited to those available in English and which examined outcomes 
relating to the prevention of injuries to the child occupant.  Educational program effectiveness 
studies were excluded. 

3. As advice to parents and carers concerning child restraint use and installation needs to be quite 
specific (covering the fit between the child and the restraint, the transition from one restraint to 
the next as the child grows, and issues relating to the use of restraints and their installation) a 
framework for the classification of the evidence was developed in order to group the articles by 
the specific topic they covered.  Many studies addressed multiple areas and the technical group 
advised that this approach would capture all available studies without repeating the same search 
strategy for each specific sub-topic and without missing articles by selecting too specific search 
terms (e.g. ’Restraint installation’ a specific topic within the broader topic of child restraints, does 
not pull up studies that actually cover evidence relating to the installation of restraints as the 
focus of some articles may have been on airbags and forward facing restraints and ‘restraint 
installation’ may not be a key word used by the authors, while ‘child restraint’ may). 

4. The inclusion and exclusion criteria (identified below) were applied to each article identified 
through the search by a review of the abstract or if in doubt, by a review of the full article. 

5. Those included were reviewed and a summary table was developed for each, covering  
a. the type of study,  
b. country in which it was conducted, 
c. level of evidence it provided (NHMRC, 2009)  
d. details of the research methodology, 
e. key findings,  
f. comments and limitations, including comments on bias where relevant. 

6. The summary of each article was copied under the topic heading in the framework to which it 
applied.  Many articles provided findings relevant to several topics, so the summary for these articles 
was included as many times as relevant 

7. Evidence statements for each topic were developed based on the findings from set of studies for that 
topic and the relevant recommendation regarding best practice in this area was developed or 
refined, based on the findings.  The summary tables were used to draw together the number of 
studies providing evidence, the strength and direction of the findings, and the overall level of 
evidence.  

8. Where there were no or very few robust studies which addressed specific key elements about child 
restraint use and installation choices, the technical group have identified consensus-based 
recommendations to provide the suggested best practice based on their collective knowledge of the 
research in this field. 
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3.2 Topics and questions 
 
To guide the development of the framework and the review of the articles identified, a list of topics and 
questions were developed, as follows: 

• What are the safest types of child restraints (forward facing, rear facing, booster seats and adult seat 
belts) for different ages/sizes of children? 

• What evidence is there for the safety of different seating positions for children within the vehicle, 
and how is this influenced by the presence of airbags   

• What evidence is there regarding the injury outcomes associated with incorrect installation of a child 
restraint in a vehicle or incorrect securing of a child within a restraint for children travelling in motor 
vehicles? 

• How should we assess whether a child is ready to transition to the next stage of restraint? 

• How do we provide optimal passenger safety for children in non-typical vehicles including taxis, 
public transport, troop carriers and non-passenger vehicles, when using “Dickie seats” (extra seats 
installed after vehicle manufacture), and integrated child restraint systems? 

• What evidence is there on the effectiveness of common types of accessories such as child safety 
harnesses, belt positioners, buckle covers, padding, pillows and cushions, belt tensioners and 
extenders? 

These research questions were developed to address the major decision points for parents and carers 
concerning the safe transport of children in cars, and that would address the key risk factors for injury to 
children as occupants of motor vehicles involved in crashes.  From these questions, the framework for the 
review was developed, as shown below: 
 
Appropriate Restraint Use 

Rear Facing Child restraints 
Forward facing child restraints 
Booster seats 
Adult seat belts 
Special vehicles and other situations 
Child restraint accessories and other special devices 

Seating Position 
General seating position recommendations 
Child restraint position 
Seating children and using child restraints in airbag-equipped seating positions 

Correct Use of Child Restraints  
Restraint installation 
Dedicated child restraint anchorage-equipped restraints 
Correctly securing the child in the restraint 
Restraint/vehicle compatibility 
Use of restraint Fitting Stations 
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3.3 Type of review conducted  
 

As described above, the search and review of the literature was one review conducted systematically. As 
noted above, the approach differs from a traditional systematic review because many studies in this field 
cover multiple topics. Searches using keywords focused on a specific question often fail to identify all relevant 
studies for that particular question as these more specific keywords are often not indexed or noted as a 
keyword by the authors. To address this, we conducted a broad literature search using the keywords and 
strategies below to identify as many studies related to child passenger safety as possible, and then each study 
was examined to see whether it applied to a specific topic, as well as being assessed for quality. The following 
parameters of the review were used. 

3.4 Search strategy 
 
The literature was searched using the following methods: a search of electronic databases PubMed and the 
Australian Transport Research Index (ATRI) and Cochrane reviews using key terms relating to the research 
questions until no new articles emerged. Those selected were cross-checked against major literature reviews, 
undertaken by some members of the technical writing group and other narrative reviews in that were 
identified in the literature search. Specifically, the reference lists of the following studies: 

• Asbridge, M., Ogilvie, R., Wilson, M., Hayden, J., 2018. The impact of booster seat use on child injury 
and mortality: Systematic review and meta-analysis of observational studies of booster seat 
effectiveness. Accid Anal Prev. 119, 50-57. 

• Ishikawa, T., Oudie, E., Desapriya, E., Turcotte, K., Pike, I., 2014. A systematic review of community 
interventions to improve Aboriginal child passenger safety. Am J Public Health. 104 Suppl 3, e1-8. 

• Brown, J., McCaskill, M.E., Henderson, M. and Bilston, L.E. (2006), Serious injury is associated with 
suboptimal restraint use in child motor vehicle occupants. Journal of Paediatrics and Child Health, 
42: 345-349. doi:10.1111/j.1440-1754.2006.00870.x  

References from these reviews that did not come up in the main databases were also examined. No formal 
date cut points were set for the evidence search, but many older studies were excluded because the 
restraints being studied are not available in the current Australian context (see below).  Research into child 
restraints tends not to pre-date the 1980s and all articles that meet the inclusion criteria in terms of study 
methodology and relevant content have been included for each of the databases searched. The relevance of 
the restraint types studied included restraints currently legal to be used in Australia, has been assessed on a 
case-by-case basis. Due to that nature of the review, which had multiple research questions, no single search 
was done resulting in a defined number of articles.  It was a free-text search using each of the terms identified 
in the TR search strategy in various combinations, until no new relevant articles emerged. We acknowledge 
that this does not make it possible to repeat the exact same search, but we are confident that the approach 
has identified all relevant articles for the review, from these three databases.   

Members of the technical drafting group also provided a small number of additional references during 
drafting that were not identified in the initial searches. These were assessed using the same criteria as all 
other studies. In practice, none of these met our inclusion criteria. One or two useful background references 
for describing basic restraint physics for the introduction were suggested, but these are not part of the 
evidence statements. 

3.5 Keywords  

For the 2013 version of these guidelines the keywords below were searched in the following combinations: 

Child/paediatric/pediatric/anthropometry/shoulder height/size/age 
  WITH 



Technical Report   Page | 9  
 
 

Child restraint/safety seat/booster seat/adult seat belt/seat belt/forward facing/rear 
facing/rearward facing/ISOFIX/top tether/LATCH/belt positioning 
  WITH 
Effectiveness/injury/risk 

For this 2019 update, the terms used were limited to the terms below to ensure the maximum number of 
potentially eligible articles were identified, and to avoid research that was not relevant.  

Child   
 WITH   
Child restraint/safety seat/booster seat/seat belt/ISOFIX/LATCH  
 WITH  
Effectiveness/injury/risk 

 
Variants of these terms were also tried (e.g. plurals) 
 
Variants of these terms were also tried (e.g. plurals, different spelling etc) 
 
Searches were not limited by specific population subgroups, in order to maximize coverage. Studies applying 
to specific subgroups only, such as Aboriginal and Torres Strait Islanders, culturally and linguistically diverse 
people, and the socioeconomically disadvantaged were identified in the article review stage. 
 
For example, Pubmed searches of index terms starting with “child restraint” resulted in following search, and 
were then limited to the relevant dates, and combined with the other terms noted above: 
 

("child restraint"[All Fields] OR "child restraint designs"[All Fields] OR "child restraint device"[All 
Fields] OR "child restraint device use"[All Fields] OR "child restraint devices"[All Fields] OR "child 
restraint effectiveness"[All Fields] OR "child restraint installation"[All Fields] OR "child restraint 
installations"[All Fields] OR "child restraint law"[All Fields] OR "child restraint law exemptions"[All 
Fields] OR "child restraint laws"[All Fields] OR "child restraint legislation"[All Fields] OR "child 
restraint misuse"[All Fields] OR "child restraint practices"[All Fields] OR "child restraint safety"[All 
Fields] OR "child restraint seat"[All Fields] OR "child restraint seat use"[All Fields] OR "child restraint 
seats"[All Fields] OR "child restraint system"[All Fields] OR "child restraint system crs"[All Fields] OR 
"child restraint system harness design"[All Fields] OR "child restraint system misuse"[All Fields] OR 
"child restraint system use"[All Fields] OR "child restraint systems"[All Fields] OR "child restraint 
systems/adverse effects"[All Fields] OR "child restraint systems/classification"[All Fields] OR "child 
restraint systems/economics"[All Fields] OR "child restraint systems/microbiology"[All Fields] OR 
"child restraint systems/parasitology"[All Fields] OR "child restraint systems/standards"[All Fields] 
OR "child restraint systems/statistics and numerical data"[All Fields] OR "child restraint 
systems/supply and distribution"[All Fields] OR "child restraint systems/trends"[All Fields] OR "child 
restraint systems/utilization"[All Fields] OR "child restraint systems in automobiles"[All Fields] OR 
"child restraint systems utilization"[All Fields] OR "child restraint systems, child passenger safety"[All 
Fields] OR "child restraint usage"[All Fields] OR "child restraint use"[All Fields] OR "child restraint use 
laws"[All Fields] OR "child restraint use legislation"[All Fields] OR "child restraints"[All Fields]) 

 
Similarly, Pubmed searches of index terms starting with “booster seat” resulted in following search being 
executed: 
 

("booster seat"[All Fields] OR "booster seat aged children"[All Fields] OR "booster seat design"[All 
Fields] OR "booster seat education"[All Fields] OR "booster seat effectiveness"[All Fields] OR "booster 
seat law"[All Fields] OR "booster seat laws"[All Fields] OR "booster seat legislation"[All Fields] OR 
"booster seat misuse"[All Fields] OR "booster seat non use"[All Fields] OR "booster seat 
questionnaire"[All Fields] OR "booster seat usage"[All Fields] OR "booster seat use"[All Fields] OR 
"booster seated"[All Fields] OR "booster seated children"[All Fields] OR "booster seats"[All Fields]) 
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NOT (("child restraint"[All Fields] OR "child restraint designs"[All Fields] OR "child restraint device"[All 
Fields] OR "child restraint device use"[All Fields] OR "child restraint devices"[All Fields] OR "child 
restraint effectiveness"[All Fields] OR "child restraint installation"[All Fields] OR "child restraint 
installations"[All Fields] OR "child restraint law"[All Fields] OR "child restraint law exemptions"[All 
Fields] OR "child restraint laws"[All Fields] OR "child restraint legislation"[All Fields] OR "child restraint 
misuse"[All Fields] OR "child restraint practices"[All Fields] OR "child restraint safety"[All Fields] OR 
"child restraint seat"[All Fields] OR "child restraint seat use"[All Fields] OR "child restraint seats"[All 
Fields] OR "child restraint system"[All Fields] OR "child restraint system crs"[All Fields] OR "child 
restraint system harness design"[All Fields] OR "child restraint system misuse"[All Fields] OR "child 
restraint system use"[All Fields] OR "child restraint systems"[All Fields] OR "child restraint 
systems/adverse effects"[All Fields] OR "child restraint systems/classification"[All Fields] OR "child 
restraint systems/economics"[All Fields] OR "child restraint systems/microbiology"[All Fields] OR 
"child restraint systems/parasitology"[All Fields] OR "child restraint systems/standards"[All Fields] OR 
"child restraint systems/statistics and numerical data"[All Fields] OR "child restraint systems/supply 
and distribution"[All Fields] OR "child restraint systems/trends"[All Fields] OR "child restraint 
systems/utilization"[All Fields] OR "child restraint systems in automobiles"[All Fields] OR "child 
restraint systems utilization"[All Fields] OR "child restraint systems, child passenger safety"[All Fields] 
OR "child restraint usage"[All Fields] OR "child restraint use"[All Fields] OR "child restraint use laws"[All 
Fields] OR "child restraint use legislation"[All Fields] OR "child restraints"[All Fields]) 
 
Similar index terms and keyword searches were conducted for the ATRI database, using the same key 
words above. 
 
Note that we searched both databases using each of the terms (single and plural) in all combinations 
until no new relevant articles appeared. 

3.6 Databases 
  
The electronic databases most relevant to this topic, the Australian context and yielding peer-reviewed 
publications that were search were PubMed and ATRI (Australian Transport Index) as well as the Cochrane 
database of systematic reviews. These databases were chosen for consistency with the 2013 edition of the 
Guidelines, and for comprehensive coverage of the national and international injury, road safety and 
transport literature. PubMed offers comprehensive coverage of the peer reviewed medical and 
epidemiological literature, while ATRI covers both Australian and international transport literature, including 
both domestic and international conferences and non-medical outlets not covered in Pubmed. 

 
Hand searching of reference lists of included articles was conducted to check for any articles not captured by 
the search terms above and not referenced in the searched databases.  None were found that met the 
inclusion criteria. 

3.7 Inclusion and exclusion criteria 

Peer reviewed studies that were included were those where: 

• The outcomes measured were fatal or non-fatal injuries to children (0-16 years of age) as a result of 
being a passenger in a motor vehicle crash 

• The impact on child injury outcomes (or the likelihood of child injury outcomes) was assessed for the 
restraint types in question or their use, and factors that were found to influence these outcomes 

Or 
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• Controlled laboratory studies which simulated motor vehicle crashes and the protective effect of 
different types of restraints and different ways in which restraints are used or misused for the purposes 
of testing the potential for injury to children 

Excluded were: 

• Individual case reports 

• Studies where none of the included restraint types were applicable to the Australian context 

• Articles, reports or conference papers that were not peer-reviewed 

• Studies focused on educational programs to encourage restraint use 

• Relevant systematic and Cochrane reviews were also considered. 

3.8 Language of publication 

Articles included were limited to those available in English.   

3.9 Search timeframe 
 
For the 2013 guidelines, all studies published up until the end of April 2013, that met the above criteria (using 
the terms for 2013) were included. No earliest publication date for scientific articles was formally set, but 
child restraints did not become common until the mid 1970s, and early evidence about child restraints is of 
limited applicability in the current time because designs have changed markedly. Evidence for seat belts from 
earlier times remains relevant. Applicability of studies and specific restraints were assessed individually. See 
also section 3.11 for a discussion of limitations of evidence relating to studies not similar to current Australian 
restraint designs. 
 
For this update, the relevant search terms (noted above) for all studies published from 1 January 2012 
through 30 April 2019 when the literature search was also completed. The year 2011 and the first four 
months of 2012 were included in both reviews to capture publications in this period that might not yet have 
been on the relevant search engines when the earlier review was conducted.  
 

3.10  Methods of assessment of evidence 
For each topic under the framework identified in section 3.2 above, the included articles were reviewed for 
the combined level of evidence they offered for each of five elements: 

• Evidence base - based on the number of studies and their level of evidence 
• Consistency - the extent to which the findings were in the same direction 
• Public health impact - the change in risk of serious or fatal injury associated with the factor being 

examined 
• Generalisability - the extent to which the findings from the collection of studies could be generalised 

to other population groups 
• Applicability – the extent to which the study was applicable to the current Australian context 

For each topic, relevant articles were summarised in a table covering the study type, level of evidence, 
including an assessment of bias, country in which the study was conducted, methodology, major findings, 
and comments on the limitations of the study or other relevant factors to the context of the study. NHMRC 
levels of evidence were assigned to each study in these tables. Where there were questions over the quality 
of ratings, the methodological advisor provided advice and clarification. A formal assessment of bias was not 
conducted, but study design and analysis factors that suggest selection bias in populations studied (e.g. only 
studying hospitalized children for example makes a study biased towards more severe injuries), confounding, 
missing information and detection bias are noted in the comments section where relevant. In the case of 
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laboratory crash testing studies, bias is largely associated with the representativeness of the chosen test 
protocol and of the crash test dummy used. These issues are also considered in the generalizability 
assessment. 

Evidence Base 
Excellent  One or more level I studies with a low risk of bias or several level II studies with 

a low risk of bias 
Good One or two level II studies with a low risk of bias or a SR/several (=2 or more) 

level III studies with a low risk of bias 
Satisfactory One or two level III studies with a low risk of bias, or level I or II studies with a 

moderate risk of bias 
Poor Level IV studies, or level I to III studies/SRs with a high risk of bias 

 
Consistency 

Excellent  All studies consistent 
Good Most studies consistent and inconsistency may be explained 
Satisfactory Some inconsistency reflecting genuine uncertainty around clinical question 
Poor Evidence is inconsistent 
Not applicable Only one study 

 
Public Health Impact 
If odds ratios or relative risks were reported, the following were applied if the majority of the reported 
findings fell into these ranges:  

Excellent  Very large (OR>1.5) 
Good Substantial (OR=1.3-1.5) 
Satisfactory Moderate (OR=1.1-1.3) 
Poor 
Unknown 

Slight or restricted (OR<1.1) 
No odds ratios available 

 
Generalisability 

Excellent  Population/s studied in body of evidence are the same as the target population 
for the guideline. In this context, interpreted as the majority of studies are 
representative of the population of children using these restraints 

Good Population/s studied in the body of evidence are similar to the target population 
for the guideline. In this context, interpreted as the majority of studies are similar 
to the population of children using these restraints 

Satisfactory Population/s studied in body of evidence differ to target population for guideline 
but it is sensible to apply this evidence to target population. In this context, 
interpreted as some studies are representative of the population of children 
using these restraints and/or these studies are likely to apply to the broader 
population of child restraint users. 

Poor Population/s studied in body of evidence differ to target population and hard to 
judge whether it is sensible to generalise to target population. In this context, 
interpreted as the majority of studies are not representative of the population of 
children using these restraints, or it is unclear if the results generalize more 
broadly beyond the study population. 
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Applicability 
Excellent  Directly applicable to Australian context. In this context, interpreted to mean 

that studies were conducted on Australian children using Australian restraints 
and/or in Australian vehicles. 

Good Applicable to Australian context with few caveats. In this context, interpreted to 
mean that most studies were conducted on Australian children, using Australian 
restraints, and/or laboratory studies using Australian restraints, or in vehicles 
identical or very similar to Australian vehicles. 

Satisfactory Probably applicable to Australian context with some caveats. In this context, 
interpreted to mean that studies included overseas restraints and/or vehicles 
that are somewhat similar, to those used in Australia, but with some possibly 
relevant differences 

Poor Not applicable to Australian context. In this context, interpreted as the studies 
were of restraints or vehicles that are not found in Australia. 

 

These tables were used to draw together the number of studies providing evidence, the strength and 
direction of the findings, and the overall level of evidence. These were then discussed in detail by the 
Technical Drafting Group, and an overall ranking of the specific piece of advice was made 
(Recommendation/Consensus-based recommendation/consensus-based recommendation). For 
recommendations, the following grades were used to rank the evidence, based on the NHMRC definitions. 

Overall Evidence grades  
Grade Interpretation How it was determined 
A Excellent Evidence: body of evidence can be 

trusted to guide practice 
Either excellent or good components 

B Good evidence: body of evidence can be 
trusted to guide practice in most instances 

A mix of excellent and good with some 
satisfactory 

C Some evidence: body of evidence provides 
some support for recommendations(s) but 
care should be taken in its application 

The best component is good with some 
satisfactory and poor components 

D Weak evidence: body of evidence is weak 
and recommendations must be applied with 
caution 

The components are satisfactory or 
below 

 

The NHMRC evidence grading system applied, as outlined above, to a given recommendation, based on the 
summarised evidence around each question or practice being recommended, was ultimately identified, 
based on the evidence rankings, as being a: Recommendation; Consensus-based recommendation; or 
Practice points, using the following criteria: 

• RECOMMENDATION - Where there is at least one study providing evidence. Quality of the evidence 
was graded A-D as detailed above. 

• CONSENSUS BASED RECOMMENDATION - Expert opinion or poor quality evidence only - where 
acceptable quality research is currently lacking but there is agreement by the technical drafting group 
on a recommended best practice, the recommendation will be included together with a statement 
that evidence is currently limited to expert opinion. 

• PRACTICE POINTS - Guidance on topics that are not within the scope of the guidelines and literature 
review.   
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3.11  Limitations of review 

3.11.1 Lack of evidence 

There are many areas of child restraint use and effectiveness for which there is no or very little rigorous peer 
reviewed evidence available for an evidenced-based recommendation. In part this is linked with the fact that 
the design of child restraints and of vehicles is constantly changing and newer technologies have not yet been 
the subject of large scale population-based studies that are needed to observe their impact in real crash 
situations. Such studies take long periods of time because of the relative rarity of child passenger injuries and 
the persistence of older vehicles and restraint technologies in the fleet, leading to small numbers in large 
surveillance systems.  
 

Furthermore, there are many areas, particularly less common situations, or particular cultural groups, for 
which data on injury outcomes in the event of a crash have not yet been the focus of studies or numbers of 
cases have not been high enough to obtain reliable estimates.  Where there is a lack of evidence, the 
Technical Drafting Group has developed “consensus-based recommendations” which are advice on best 
practice that stems from the wide cross-section of experience of the members of the Technical Drafting 
Group and current recommendations. It was considered important in this context to include this guidance 
classified as “consensus-based recommendations” in the final document, even though evidence is very 
limited, because of the need to provide carers and road safety professionals with clear and consistent 
guidance on these topics, while noting that the evidence base for these practices is not strong. 

3.11.2 Limitations of the evidence available   

The evidence presented has a paucity of studies which are usually in clinical research held as gold standard, 
including systematic reviews and randomised controlled trials (RCT). The latter is to be expected in this field 
(as in other areas of injury prevention research (Smith and Pell, 2003)) as there are obvious ethical reasons 
for not randomly assigning children to one type of child restraint or another (or none at all) in order to 
observe the outcome in terms of injury or fatality to the children in a crash situation.  As a result, “B” (or 
“good”) is the highest ranking of studies available in this field, as represented in the evidence tables under 
‘evidence base’.  The vast majority of field studies are ‘natural experiments’, or observational studies where 
cases are based on real-world crashes and the restraint type or use has been chosen, generally by the parent 
or carer, prior to the crash event. There are some biases inherent in this type of research in that parental 
choices of child restraints may be linked with other factors that might influence the findings such as age of 
vehicle, speed at the time of crash, correctness of use of the restraint, and potentially biases in reporting of 
restraint status of the child by the parent/driver after the crash event (Streff and Wagenaar, 1989). 
 
The studies available span several decades and multiple countries and, as a result, there is heterogeneity of 
the studies conducted in terms of the types and designs of restraints, vehicle safety equipment, local laws 
and recommendations covering restraint use by child passengers.  This limits the validity of conducting a 
meta-analysis on any of the devices being investigated. Furthermore, some of the findings need to be 
considered with caution when the studies are from other countries or times when designs may be different 
than currently available and used in Australia.  These constraints are identified in the evidence table with 
each recommendation. 
 
In some areas, the evidence is a mix of laboratory and field studies, which can serve to strengthen our 
confidence in any observed or expected injury outcome. However, laboratory studies are limited in the 
number of different restraint models and crash types tested, as well as the sizes of the child dummies used 
and the biofidelity of the dummies and the representativeness of the test protocol to real world crashes.  
These studies are not able to provide odds ratios as field studies can.  As a result, in many areas our 
understanding of the public health impact is limited. 
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3.11.3 Specific issues in this context 
 
There are several aspects of research in injury prevention generally, and child restraint use in particular, that 
impose specific constraints in the undertaking of a systematic review of the literature.  As Smith and Pell 
(2003) note, randomised controlled trials are not an ethical option in many areas of injury prevention, 
including in restraint use. Legal requirements for use of specific restraints in vehicles also precludes study of 
some forms of restraint use, including non-use of restraints. As a result, the majority of the evidence available 
on the effectiveness of child restraints falls into two groups: analysis of large injury or crash surveillance 
databases with or without additional survey and observational data, and laboratory crash testing data. The 
limitations of field data are the lack of control of the crash, vehicle, restraint and other variables. In laboratory 
studies there are limitations associated with the small number of restraint- makes and models tests, vehicle 
types simulated, and child dummies. The laboratory crash studies do not fit neatly into the NHMRC evidence 
grading scheme, but provide a good basis for comparative safety of different restraint options in this area, 
and are considered in the road safety field more broadly to be high quality evidence.  While there are 
limitations in the biofidelity of crash test child dummies, they are also the clearest direct comparisons of 
restraint options, whereas field crash studies rarely provide directly comparable children, restraints and crash 
circumstances for comparison, and there is rarely sufficient data for effective statistical control of all relevant 
variables. However, the combination of the field and laboratory studies provides good evidence on the 
effectiveness of restraint types and restraint uses where the numbers of studies available are reasonable and 
where factors that may contribute to bias have been well controlled for in the analysis.  
 
Because the available literature is based on rare events (serious including fatal injuries to children as 
passengers in the event of a motor vehicle crash) and has been conducted in many different countries with 
different restraints, laws and vehicle fleets, few studies are conducted under similar enough conditions or 
with similar enough populations and restraints to allow pooling of data for formal meta-analysis. 
 
Many studies of child occupants include aspects relevant to multiple research questions (e.g. appropriate 
restraint use AND incorrect restraint use) and are not indexed by specific keywords that allow a formal 
systematic review using specific keywords to identify all the relevant literature for a given topic. As a result, 
the approach taken was a comprehensive review of peer-reviewed literature on the effectiveness of child 
restraints relevant to the current Australian context, using as search terms the key words in many 
combinations, followed by detailed review to draw together the studies that covered findings relevant to 
specific research questions.   
 
There are limitations to the applicability of many of the older studies and those conducted in other countries 
to the current Australian context, due to changes in the design and regulation of child restraints. Mandatory 
product safety laws in place in Australia mean that our child restraints are not designed or anchored to the 
vehicle in the same way as most of the other countries from which studies are available. This was taken into 
account in the analysis of the literature available, particularly large US studies which include largely 
untethered child restraint designs (although tethers are used in newer restraints in the US, few have been 
included in analyses published to date). It was not within the scope of these guidelines to examine restraint 
designs that are not available in Australia (or that are likely to become available in the immediate future). 
 
While the overall public health impact of various types of restraints, or indeed any safety device that requires 
a level of compliance, is dependent upon the level of compliance with recommendations. Nor did the 
literature review include studies that focused on educational and other interventions to increase adherence 
with child restraint best practice, although these are relevant for implementation. Exposure to particular 
restraint practices is influenced by local context, socioeconomic status, access to information, public health 
campaigns, advice given, vehicle and restraint manufacturer instructions etc. The focus of the review was on 
the effectiveness of the restraint if used, and if used correctly.  The intention of these guidelines is to provide 
the best available advice to carers of children travelling in motor vehicles on which restraints to use, and 
when and how to use them correctly.  Furthermore, the current review did not investigate issues beyond the 
safety of the child in the event of a crash, such as driver distraction, or crash risk for different types of 
restraints.  
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It is also noteworthy that for some practices, there are no formal studies available, and recommended 
practice is based on knowledge of the fundamental physics of car crashes, biomechanics, and restraint design 
principles. These principles are very well established and form the basis of the design of motor vehicle safety 
systems worldwide. Such recommendations are clearly identified in the guidelines document as not being 
evidence-based recommendations but “consensus-based recommendations” developed based on consensus 
opinions of the Technical Drafting Group. They are important for providing clear and consistent guidance on 
these issues.   
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4 
Evidence statem

ents 
N

ote: N
um

bering follow
s the num

bering in the m
ain guidelines docum

ent to m
inim

ize confusion in cross-referencing. 

6.1 A
ppropriate choice of restraints 

 This section m
akes best practice recom

m
endations for w

hat type of restraint to use at w
hat age, and w

hen to transition from
 one restraint to another and lays out 

the evidence base for each piece of guidance.  
 Prior to the introduction of the 2010 edition of AS/NZS 1754, restraint types w

ere recom
m

ended based on the w
eight of the child. In recent years, appropriate 

restraint use for children has been defined on the basis of their age rather than their w
eight, as m

any parents do not accurately know
 their child’s w

eight beyond 
infancy (Bilston et al., 2008).  W

hile age is a useful, practical guide (Anderson and Hutchinson, 2009) (consistent w
ith the N

ational Road Rules) a system
 of shoulder 

height m
arkers that better reflect the adequacy of the size m

atch betw
een a child and a given child restraint have recently been developed (Brow

n et al., 2010a) 
and im

plem
ented in the m

andatory Australian Standard for child restraints, AS/N
ZS 1754(2010). O

n the basis of restraint design principles (Eppinger, 1993) this is 
considered to represent the ‘best’ param

eter for determ
ining restraint fit and thus perform

ance in a crash. For older restraints that are labelled w
ith w

eight ranges 
rather than ages or shoulder height, the equivalent size to the shoulder heights are given in the relevant sections below

. Since Australian restraints are tested w
ith 

dum
m

ies that are significantly heavier than the m
axim

um
 w

eight range, if the child still fits in the restraint harness exceeding the nom
inated w

eight range by a sm
all 

am
ount (1-3kg) is unlikely to pose a significant risk to the structural integrity of the restraint in a crash. Since the crash forces in booster seats are carried by the seat 

belt, exceeding the w
eight lim

its should not pose a significant risk provided the child fits w
ell w

ithin the booster seat.    
 O

ptim
al protection for child passengers is obtained w

hen the follow
ing recom

m
endations below

 are follow
ed. 

  Recom
m

endation 1.1  
The use of any restraint is preferable to not using a restraint. ,

 

O
verall Evidence Grade 

A 
 Table 1: Evidence statem

ent supporting recom
m

endation 1.1 

Evidence statem
ent 

 

 Restraint use decreases the risk of fatal and serious injuries to child occupants in the event of a m
otor vehicle crash 

G
rade 

A
 

Com
ponent 

Rating 
N

otes 
Evidence base 

Good 
Eighteen level III-2 studies and three level III-3 and tw

o level IV w
ere identified that provide evidence on the 

effectiveness of child restraints.  These w
ere m

ostly retrospective cohort studies based on large datasets and 



 Technical Report 
 

 
 

 
 

 
 Page | 18  

nested in-depth case review
s, w

ith som
e potential for selection bias tow

ards m
ore injured children and m

ore 
seriously injured children in sam

ples. 
Consistency 

Excellent 
Studies, regardless of currency or geographic setting, have consistently show

n that any form
 of approved 

restraint offers greater overall protection (injury reduction) than no restraint.  N
o studies report opposing 

findings for overall restraint use. Specific restraints can be associated w
ith som

e specific types of injuries, such 
as soft tissue injuries associated w

ith lap only belts. 
Public Health Im

pact 
Excellent 

Available studies have found a reduction of serious injuries or death by 30-96%
, w

ith greater gains reported in 
m

ore recent studies (w
ith restraints of im

proved design) and w
hen there is a good fit of the restraint to the child. 

Generalisability 
 Good 

W
hile there are m

any studies w
ith consistent findings on a range of restraint types, findings from

 m
ore recent 

studies have greater generalisability due to ongoing changes in vehicle and restraint designs. Findings are based 
on child anthropom

etry, so findings should be generalisable w
ithout regard to population/ethnic groups. 

Applicability 
Excellent 

Som
e studies are from

 overseas w
ith different designs of restraint, but their results are consistent w

ith Australian 
studies. 

O
ther factors 

 
N

um
erous laboratory studies of sim

ulated crashes have confirm
ed these field studies. The current law

 requires 
all vehicle occupants to be restrained. 

References 
 

(Kahane, 1986; Partyka, 1988; Agran et al., 1992; Henderson, 1994; Johnston et al., 1994; Cuny et al., 1997; 
Isaksson-Hellm

an et al., 1997; Tyroch et al., 2000; Valent et al., 2002; Durbin et al., 2005; Elliott et al., 2006; Du 
et al., 2008) 

 There are num
erous studies, largely based on retrospective data review

s of various populations from
 w

ithin Australia and several other countries, w
hich have 

consistently show
n that restrained children are better protected against fatal and serious injuries com

pared to unrestrained children.  W
hile there is potential for 

som
e selection bias in the study sam

ples, as cohorts under investigation m
ay not include occupants of vehicles that are uninsured, or are lim

ited to certain types of 
injuries or levels of injury severity, the num

ber of studies w
ith consistent findings provides an overall excellent evidence base for this recom

m
endation.  Furtherm

ore, 
laboratory studies sim

ulating crashes w
ith restrained and unrestrained anthropom

orphic test dum
m

ies clearly support these field study findings in term
s of the 

estim
ated injury likelihood. W

hile different types of restraints are associated w
ith different levels of protection (depending upon the size of the child), overall the 

evidence indicates that a child w
earing an Australian Standard approved restraint has a significantly low

er (30-96%
 low

er) risk of serious injury or death in the event 
of a m

otor vehicle crash than an unrestrained child. 

Table 2: Sum
m

ary of articles providing evidence for recom
m

endation 1.1 
Reference 

Study type 
Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

(Agran et al., 1992) 
Cohort study - review

 
of data 

III-2 
U

SA 
Review

 of data from
 surveillance system

 
from

 38 hospitals (inc. traum
a centres and 

HM
O

s) and the coroner's office - follow
ed 

by interview
 w

ith parents (n=755 4-9 yr. 
olds for w

hich data w
ere com

plete) and 726 
10-14 year olds. 

Injury severity: AIS 
and ISS. 

Restraints (adult seat belts) w
ere noted as either 

lap and shoulder, lap-only, or none.  Restrained 
children (10-14 years) experienced significantly 
few

er intracranial, soft tissue, and facial injuries 
and m

ore spinal strains than unrestrained 
children.  The m

ean ISS w
as low

er for restrained 
children in all locations than unrestrained.  Poor 
fit of adult seat belts for young children has been 
im

plicated. 

Data based on self-reporting by 
parents.  Lack of accurate data on 
severity. 
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Reference 
Study type 

Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

(Caskey et al., 2018)   
Data review

 of crash 
surveillance database, 
frontal tow

-aw
ay 

crashes 

III-2 
U

SA 
Children aged 5-12, the second row

 of seats, 
involved in frontal crashes over an eight 
year period (2008-2015), w

ho w
ere 

unrestrained, in a booster seat and seat belt 
or seat belt alone.  The N

ational Autom
otive 

Sam
pling System

-Crashw
orthiness Data 

System
 (N

ASS-CDC) w
as used to identify 

cases. Excluded w
ere roll-overs, vehicles 

older than 2000, and other restraint types.  
Regression analysis w

as used to identify the 
influence of the restraint type on injury risk 
w

as assessed w
hile controlling for child 

occupant, vehicle characteristics and crash 
severity.  

Injury frequency and 
severity: m

oderate 
ƚŽ ƐĞǀĞƌĞ ;ш �/^ ϮͿ 
com

pared to less 
than m

oderate.  

 The proportion of unrestrained children involved 
in crashes w

as 9.6%
 (95%

 CI, 0.0-13.5) com
pared 

w
ith the belts only group at 2.5%

 (0.2-4.2) and 
the booster user group at 0.5%

 (0.0-0.9). 
Com

pared to children in booster seats, those in a 
lap sash belt only w

ere fives tim
e m

ore likely to 
be injured and unrestrained children w

ere 19 
tim

es m
ore likely to be injured. After controlling 

for other factors, unrestrained children w
ere 

found to be 60.7 tim
es m

ore likely to be 
m

oderately to severely injured than those using a 
lap and shoulder belt. 

W
hile children 5-12 years old w

ere 
included in the analysis there w

ere 
few

 older children in booster seats, 
w

hich m
ay have contributed to the 

lack of significant difference in 
injury severity of boosters 
com

pared to lap sash belt only. 
Results are lim

ited to frontal 
crashes only. 

(Cuny et al., 1997) 
Cohort study - review

 
of data 

III-3 
FRA 

Data sources (from
 4 m

onths during 1995-6) 
w

ere police crash records together w
ith 

m
edical records; 1327 children under the 

age of 10 w
ere included. 

Injury severity: AIS 
and M

AIS. 
Rear facing CRS reduced the proportion of 
serious injuries (M

AIS= 2+) by 88%
, forw

ard 
facing by 71%

 and booster seats by 31%
.  

Findings suggested that m
isuse of CRSs results in 

the sam
e proportion of serious injuries as no 

restraint.  

O
ne page article - m

ethods section 
is too brief to know

 how
 m

isuse of 
CRS w

as m
easured, how

 subjected 
w

ere included in the study or how
 

estim
ates of proportion of injuries 

increased under different 
scenarios w

as calculated.  It is 
assum

ed that no restraint w
as the 

index m
easure. 

(Du et al., 2008) 
M

atched cohort study 
III-2 

U
SA 

1517 children in 705 crashed vehicles - 
outcom

es variable of death w
ithin 30 days 

of the crash. At least one child killed in crash 
- study com

pared other children in the sam
e 

crash. 

Death w
ithin 30 days 

of the crash. 
A reduction in the risk of death w

as associated 
w

ith restraint use (RR=0.33) but there w
as no 

significant difference in the effectiveness of 
different restraint types. Com

pared to 
inappropriate restraint use, appropriate restraint 
use w

as linked w
ith a reduction in risk of death 

(RR=0.46).  

Sam
ple size lim

itations m
ay have 

been linked w
ith not being able to 

find difference in effectiveness of 
restraints by age group. W

hile 
m

atched design, confounders - like 
location of child w

ho died to 
intrusions during crash. 

(Durbin et al., 2005) 
Cross-sectional study 
using a child specific 
crash surveillance 
system

 

III-2 
U

SA 
Children 0-16 in 15 states w

ho w
ere 

involved in a M
VC over a four year period 

(Dec 1998-N
ov 2002) - cars 1990 or new

er. 
O

ver sam
pling of children presenting for 

m
edical treatm

ent. Data from
 telephone 

interview
 w

ith driver or proxy w
ere 

included. Seating row
 and restraint use 

(correct and incorrect - w
ith CRS or booster 

seat use for children <9 w
as classified as 

"correct"). Approx. 18000 children w
ere 

included in the sam
ple.  W

eighted logistic 
regression w

as used. 

Injury status and by 
severity (AIS<2 and 
2+). 

The highest risk of injury w
as to unrestrained 

children in the front seat, follow
ed by 

unrestrained in the back seat. After adjusting for 
age of child and type of vehicle seating row

 and 
restraint status w

ere both independently 
associated w

ith injury risk.  Inappropriately 
restrained children w

ere at nearly tw
ice the risk 

of injury as appropriately restrained children.  
Furtherm

ore, children w
ithout a restraint had 

over 3 tim
es the risk (O

R: 3.2; CI: 2.5-4.1) of 
injury. 

Age appropriate restraint use and 
second (or third) row

 seating w
ork 

synergistically to achieve greater 
safety.  Restraint use and seating 
position relied on driver reporting 
of this inform

ation.  Study did not 
cover vehicles older than 1990 nor 
uninsured vehicles. 

(Elliott et al., 2006) 
Cohort study - review

 
of data 

III-2 
U

SA 
Data from

 2 databases (one of fatalities and 
one a sam

ple of non-fatal crashes) involving 
children in tw

o-w
ay crashes occurring 

betw
een 1998 and 2003.  Vehicles selected 

for inclusion w
ere those that w

ere non-
drivable follow

ing the crash. 9246 children 
w

ere included.  

Fatal vs. non-fatal 
injuries. 

Com
pared to adult seat belts, child restraints 

(w
hen not seriously m

isused) w
ere associated 

w
ith a 28%

 reduction in the risk of fatality am
ong 

children 2-6 years - after adjusting for driver 
survival status, vehicle type and year, age of 
driver and passenger, and seating position. 

Child restraint system
s included 

rear-facing and forw
ard facing car 

seats, and shield and belt-
positioning booster seats. 
Potential for m

isclassification of 
restraint type by police.  

(Ernat et al., 2016)  
Retrospective m

edical 
record review

 
III-2 

U
SA 

A total of 97 patient records w
ere included 

in the analysis of restraint type by injury 
sustained. Cases w

ere adm
itted to a level 1 

traum
a centre betw

een 2003 and 2011 and 
included all children betw

een 0 and 10 
years treated for spinal injury due to a M

VC. 

Rates of injury as 
w

ell as injury type 
and location 

It w
as show

n that 52%
 w

ere either in the w
rong 

restraint for their age or in the front seat, a 
further 26%

 w
ere unrestrained. Significant 

differences w
ere found betw

een the injuries by 
the restraint type used, and the age of the child. 
Proper use of child restraints w

as significantly 

The study did not differentiate 
betw

een type of restraint (booster 
versus FF - CRS or RF - CRS) and no 
inform

ation w
as available about 

the speed or direction of im
pact at 

the tim
e of the crash. Case 
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Reference 
Study type 

Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

Analysis w
as initially be restraint type, then 

by w
hether it w

as correctly used.  
higher in younger aged children (betw

een 0 and 
1 years) com

pared to older children (betw
een 4 

and 5 years). Higher rates of cervical spine and 
isolated ligam

entous injuries w
ere seen am

ong 
the unrestrained children com

pared w
ith 2-point 

(lap sash only) and 3-point (lap and shoulder 
sash) restrained passengers, w

hen proper 3P 
restraint use w

as not taken into consideration. 
Three-point restrained passengers had higher 
rates of TL injuries than unrestrained passengers 
even w

hen isolating the com
parison w

ith those 
using 3P restraints properly. 

selection w
as based on having a 

spinal injury so being able to 
assess the im

pact of restraints on 
the risk of spinal injury w

as not 
done. Did not investigate injuries 
caused by air bag deploym

ent.  

(Henderson, 1994) 
Data review

 of injuries 
resulting in hospital 
attendance or fatality. 

III-2 
AU

S 
Cases w

ere 247 children aged <15 attending 
hospital follow

ing a M
VC.  Interview

s w
ith a 

parent, inspection of the vehicle and 
reconstruction of the crash event using the 
EDCRASH program

 to obtain estim
ates of 

speed, change in velocity and deceleration 
that is likely to be m

ore accurate that 
reported during interview

 or from
 records. 

Restraint type w
as recorded.  Vehicles w

ere 
1966-93. 

Injury severity (AIS 
>2) and fatal injuries. 

Side im
pact w

as the crash type m
ost likely to 

result in a significant injury (34%
 of case children 

sustained an injury of AIS 2 or greater).  Few
 

infants w
ere in capsules (n=6, 2.6%

).  Injuries by 
restraint type w

ere sum
m

arised by possible 
m

echanism
. Lap-sash belts appeared to offer 

good protection but w
ere only available in 

outboard seats. A higher proportion of 
unrestrained children had a serious injury or 
fatality (26.3%

 fatally injured, 42.1%
 suffered an 

injury of AIS 2 or greater), as com
pared w

ith 
restrained children (p<0.01). A high proportion of 
the cases w

ere in four-w
heel drive cars and 

m
ulti-passenger vehicles. Im

portance of seating 
position w

as highlighted. Concludes that 
restraints specifically designed for children are 
m

ost protective and adult seat belts do not offer 
protection from

 side-im
pacts. Som

e indications 
that m

any children w
ere m

oved out of a CRS too 
early. 

Provides an overview
 of the types 

of restraints available. Study 
population not necessarily 
representative of all crashes in 
w

hich children are injured and 
does not represent those in w

hich 
an injury w

as prevented.  Strength 
of study w

as in understanding the 
crash event, not just the 
proportion of children injured and 
injury severity by each restraint 
type.  Sm

all num
bers in som

e 
restraint types e.g. capsules and 
forw

ard facing restraints lim
its 

conclusions. 

(House et al., 2012)  
Prospective 
observational study of 
children injured in 
crashes 

III-2 
U

SA 
Prospective observational study of children 
aged 4-8 taken to ED due to M

VC. Doctors 
classifying injury severity w

ere blinded to 
restraint status of child. Restraint use w

as 
classified as no restraint, adult seat belt, or 
booster seat. 

Injury severity 
classified as m

inor, 
m

oderate or severe. 
Also exam

ined 
booster seat use 
(three groups: 
booster, seat belt or 
no restraint) 

In the sam
ple, 58 w

ere in booster seats, 73 in 
seat belts and 28 unrestrained. There w

as no 
significant difference betw

een restraint type or 
restraint use and injury severity outcom

es, 
although there w

as a trend tow
ards unrestrained 

being associated w
ith m

ore severe injury. M
ost 

injuries w
ere m

inor w
ith only 16 being m

oderate 
or m

ajor, and 2 fatalities. Decreasing booster 
seat use w

as observed w
ith increasing age. 

Strength of study w
as it w

as 
prospective and so not subject to 
recall biases and not lim

ited to 
only serious injuries as can occur 
w

ith retrospective review
s. Sam

ple 
size w

as not sufficient to m
ake 

conclusions; of 168 presentations, 
9 had no restraint status recorded 
so w

ere excluded from
 analyses. 

(Isaksson-Hellm
an 

et al., 1997) 
Cohort study - review

 
of data 

IV 
SW

E 
Volvo crash surveillance database for the 
period 1976-1996 and includes 4242 child 
occupants involved in crashes.  Details of 
the vehicle, and follow

-up survey to obtain 
details on the crash and m

edical records of 
injuries. Injury risk w

as the num
ber injured 

divided by the num
ber of occupants for 

each group.  

Injury severity: none 
or M

AIS, 1, 2 3+. 
Children in an adult seat belt show

ed a higher 
num

ber of m
inor and serious injuries than those 

in a CRS. Com
pared to no restraint w

earing an 
adult seat belt w

as found to reduce the 
proportion of children w

ith serious injury (M
AIS 

2+) by 59%
, belt positioning booster reduced it 

by 76%
, and rear facing CRS reduced it by 96%

 
(forw

ard facing not reported). Analysis suggests 
that optim

al safety is not achieved unless the 
child is in the appropriate restraint for their age 
and size. 

Vehicles w
ere lim

ited to Volvos - 
but this does allow

 for m
ore 

uniform
 com

parison of the 
effectiveness of different restraint 
types. Large proportion of 
unknow

n restraint type. 
Confidence intervals are not 
reported and even though there 
are several breakdow

n categories 
reported (severity of injury, type of 
restraint, direction of im

pact, body 
location of injury etc.)  Results 
have too few

 num
bers to be 
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Level of 
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Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

significant. N
o m

ultivariate 
analysis.  

(Johnston et al., 
1994) 

Cross-sectional case 
series - data review

 
III-2 

U
SA 

Probability sam
ple of police reported 

crashes in 26 states - over a 2 year period. 
Selected crashes in w

hich there w
as one or 

m
ore child under 15 as a passenger 

(n=16,685) review
ed police data on type of 

restraint and w
hether child w

as injured. 
10,098 children w

ith know
n restraint use. 

Injury outcom
es to 

children as 
passengers in M

V 
crashes by restraint 
use. N

o attem
pt w

as 
m

ade to classify 
injury severity. 

Com
pared to children w

ho w
ere "optim

ally 
restrained", children w

ho w
ere sub-optim

ally 
restrained had a slightly higher risk of injury, but 
those unrestrained w

ere at 2.7 tim
es the risk. 

Com
pared to children in the back seat, children 

in the front seat have 1.5 tim
es the risk of injury.  

The use of a car seat reduced injuries by 60%
 for 

0-14 year olds, w
hile a lap-sash harness w

as only 
38%

 effective in reducing injuries for 5-14 year 
olds. 

For children aged 0- 4 (preschool), 
optim

al use w
as defined as police 

reported use of a child safety seat. 
For the 5 to 14 year old children, 
shoulder belt com

bination, as that 
is the current recom

m
endation. 

Any other restraint usage inducing 
lap belt or shoulder belt alone w

as 
considered sub-optim

al. 

(Kahane, 1986) 
M

ulti-pronged. In 
depth review

 of 
sequential sam

ple of 
crashes. 

III-2 
U

SA 
Statistical analyses of the U

S Fatal Accident 
Reporting System

 and State accident data; 
analyses of sled test and com

pliance test 
results, and observational surveys of 
restraint system

 usage and m
isuse. 

Sequential sam
pling (n=) in a sam

ple 
designed to be representative of population 
(quota for age groups etc). In depth 
investigation of these events and factors 
linked w

ith injury outcom
es. 

Fatal and serious 
injuries in real 
crashes, injury 
producing contact 
(notably of the head) 
and deceleration 
forces in sled test 
crashes. 

Correctly used forw
ard facing CSSs reduce the 

risk of death and injury by approxim
ately 71%

 
com

pared w
ith unrestrained children. 

Authors note that restraint 
w

earing changes each year – in 
term

s of proportion correctly 
restrained.  Restraint types are 
also very different from

 this period 
and U

S restraints do not included 
top tether straps.  Study of lim

ited 
current value except that provides 
evidence that any restraint is 
better than none, or a poorly 
used/fitted restraint. 

(Loftis et al., 2017)   
Retrospective m

edical 
record review

 
III-2 

U
SA 

Retrospective m
edical review

 Jan 2007- July 
2014 of all children presenting to Level 1 
traum

a centre follow
ing m

otor vehicle 
crash; of the 976 patients, 238 had 
unknow

n restraint status so analyses w
ere 

conducted on 729 patients. 

Injury coded using 
ICD-9 w

ith diagnoses 
800-959.9 grouped 
to 27 diagnoses and 
m

ortality. 

Children aged 9-12 years w
ere m

ost com
m

on age 
group unrestrained. O

f all 729 children, 254 
(34.8%

) w
ere unrestrained; 231 (31.7%

) w
ere 

im
properly restrained. N

o statistical difference in 
m

ortality and any restraint status (p=0.159). 
U

nrestrained children m
ore likely to have 

intrathoracic injury (24%
 versus 13.5%

 of those 
properly restrained; p=0.01); open head w

ounds 
(38.2%

 versus 25.8%
; p=0.01) and open upper 

extrem
ity w

ound (5.1%
 versus 0.8%

; p=0.02) 

Excluded 25%
 or original cohort 

due to unclear restraint use status; 
all cases w

ere result of severe 
crashes so restraint status not 
recorded for those w

ith m
inor 

injuries - only those w
ith severe 

injury so likely underestim
ation of 

true effect. 

(M
a et al., 2012) 

Cross-sectional study, 
restraint use by injury 
outcom

e 

III-3 
U

SA 
Retrospective cross-sectional study from

 
police reported M

VCs involving children 
from

 0-12 years in the U
S from

 1996 to 
2005. Children w

ere grouped into 4 age 
groups: 0- <1 year, 1-3 years, 4-7 years and 
8-12 years. Logistic regression on these 
grouping w

ith appropriate restraint use, 
inappropriate use and non-use (w

hich 
included w

hether in the correct restraint 
and seating position for age). Potential 
confounders considered included 
characteristics of the child passenger, 
driver, vehicle and crash. 

N
on-fatal and fatal 

injuries. 
A total of 7633 cases w

ere included. Children 
w

ith no restraint use experienced a significantly 
higher prevalence of fatal injury than children 
w

ho w
ere appropriately restrained in all age 

groups: <1 year olds had an estim
ated 23 tim

es 
the risk odds of fatal injury w

ere significantly 
greater am

ong unrestrained children am
ong all 

age groups (children aged <1 year old O
R=23.79, 

95%
CI=1.20-472.72; 1-3 years O

R=21.11, 
95%

CI=4.39-101.57; 4-7 years O
R=16.24, 

95%
=2/76-95.54; and 8-12 years O

R=9.81, 95%
 CI 

2.05-46.90). 
 Children aged 1 to 3 years w

ho w
ere 

inappropriately restrained had 6.28 tim
es the 

odds of being fatally injured com
pared w

ith 
those w

ho w
ere appropriately restrained after 

adjustm
ent for potentially confounding factors. 

Children in this age group w
ho w

ere restrained 

Vehicles and restraints in this 
study are now

 13-20 years old so 
current m

odels of both m
ay have 

quite different injury risks 
associated w

ith them
. Due to data 

lim
itations the authors w

ere not 
able to determ

ine if the restraints 
w

ere correctly installed. 
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M
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O

utcom
es 

Findings  
Com

m
ents 

and in the rear seat but inappropriately 
restrained had approxim

ately 12 tim
es the odds 

of dying com
pared w

ith children w
ith 

appropriate restraint use. The odds of a non-fatal 
injury for front seated infants appropriately 
restrained w

ere reduced by 74%
 com

pared w
ith 

rear-seated appropriately-restrained infants. 
(M

a et al., 2013)  
Retrospective m

atched 
longitudinal study 
using a crash 
surveillance system

 

III-2 
U

SA 
Exam

ined cases of children involved in 
crashes 1998-2009 identified on the 
N

ational Autom
otive Sam

pling System
 

(N
ASS) Crashw

orthiness Data System
 (CDS). 

Children w
ere aged betw

een 0 and 10 years 
and w

ere not seated in the front seat of the 
vehicle. A m

atched analysis design w
as 

em
ployed com

paring those w
ithin the 4-7 

year age group (the age range required by 
law

), w
ith those outside that range. A total 

of 2,476 children w
ere in the sam

ple. 
Restraint use w

as grouped as not 
restrained, lap sash belt only, or backless or 
high-back booster seat. Children w

ere 
m

atched on child age, vehicle body type 
and sam

pling w
eight. 

Any injury (exam
ined 

by AIS 1+ and AIS 2+, 
as w

ell as sever 
injury of ISS > 8), 
fatal injury and 
regional body injury. 

Children w
ith com

bined seat belts and booster 
seats w

ere 27%
 less likely to have any injury than 

those w
ith no restraints, (RR = 0.73, 95%

 CI = 
0.55 to 0.96). N

o association w
as observed for 

any injury or for severe and fatal injury, w
hen 

com
paring children w

ith com
bined seat belts and 

booster seats w
ith children restrained by seat 

belts alone.  Those in a booster seat w
ere 

significantly less likely to have a head injury, face 
injury, upper body injury and low

er extrem
ity 

injury w
hen com

pared to children w
ith no 

restraints. How
ever, they had m

ore than a three-
fold risk of a neck injury (AIS 1+) but no 
difference in the risk of m

oderate neck injury (AIS 
2+).  

Cases w
ere lim

ited to those 
involved in tow

-aw
ay crashes. And 

inform
ation w

as not available on 
the proper use of restraints for 
m

any of the cases. The 
retrospective data m

eans that 
several potential confounders 
w

ere not available for m
any cases.  

(Partyka, 1988) 
Retrospective review

 
of crashes using a 
m

atched pairs 
technique 

III-2 
U

SA 
FARS surveillance system

 - covering the 
period 1982-87 in w

hich there w
ere 7060 

vehicles included on the reporting system
.  

Looking at children under 5 years of age, 
m

atched pairs - based on restraint usage by 
driver and child occupant and fatality ratios 
w

ere calculated.   

Fatal vs. non-fatal 
injuries. 

Based on the fatality ratios it w
as estim

ated that 
children w

ere 50%
 less likely to be killed if they 

w
ere in a child restraint. W

hen fatality ratios 
w

ere applied to front versus rear seating of the 
child w

ho is restrained, it w
as found a 33%

 
reduction in chance of a fatal injury of the child is 
in the back seat.  The effectiveness of a CRS w

as 
52%

 in avoiding a fatal injury after controlling for 
seating position.  Effectiveness of restraints: for 
infants in CRSs w

as 69%
, toddlers (1-4 years) in 

CRSs: 47%
 and toddlers in adult belts: 36%

 
reduction in risk. 

O
ld study - m

any changes to 
recom

m
ended restraints since 

1980's.  Assum
ptions are m

ade 
about correct restraint use, and 
that driver fatality w

as indicative 
of the risk of fatality for the child 
occupant. 

(Sauber-Schatz et 
al., 2014) 

Retrospective 
longitudinal study 
based on the Fatal 
Accident Reporting 
System

 exam
ining the 

im
pact of restraint use 

(unrestrained versus 
restrained) on child 
fatalities (0-12 years) 
 

IV 
U

SA 
O

ccupant fatalities from
 2002-2011 for 

children aged 0-12 years grouped as <1, 1-3, 
4-7, 8-12 years. Data included use of 
restraint and ethnicity 

Fatalities 
M

otor vehicle occupant death rates am
ong 

children aged 0–12 years decreased by 43%
 from

 
2002 to 2011 (from

 2.2 deaths/100,000 to 1.2 
deaths/100,000). From

 2002–2003 to 2009–
2010, the proportion of unrestrained child 
deaths decreased significantly am

ong children 
aged 0–12 years (by 18%

 for 1-3 year olds; by 
39%

 for 4-7 year olds and by 24%
 for all children 

0-12 years). Fatality rates decreased over this 
tim

e, O
ne-third of children (0-12 years) w

ho died 
in 2011 w

ere unrestrained indicating there w
ere 

still m
any potentially preventable deaths. W

hite 
children w

ere m
ore likely to be restrained 

com
pared w

ith either black children or H
ispanic 

children. 

Data are lim
ited to police reports 

w
ith inaccuracies possible. O

ther 
factors such as safer vehicles, 
im

proved roads and em
ergency 

services could have contributed to 
the reduction in fatalities over this 
tim

e. Possible conservative 
estim

ate as 7%
 of deaths in 2007 

up to 29%
 of deaths in 2010 had 

no restraint use status recorded.  

(Sauber-Schatz et 
al., 2015)  

Retrospective m
edical 

record review
 

III-3 
U

SA 
Surveillance system

 linking police and 
hospital records (probabilistic linkage) for 
m

otor vehicle crashes in 11 states, from
 

2005-2008. The database includes 50 crash 
related variables and 18 health outcom

es. 

Injuries by body 
region and w

hether 
hospitalised 

Across all age groups unrestrained children had 
the highest percentage of injuries for each body 
region. Children optim

ally and sub optim
ally 

restrained had m
inor differences in body region 

injured, by age group.  Children w
ho w

ere 

Data w
ere lim

ited by not being 
able to distinguish if children w

ere 
correctly restrained or the 
restraint w

as correctly installed, 
and booster use for children over 8 
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Reference 
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Level of 
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Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

Sam
ple w

as children aged 1-12 w
ho w

ere 
involved in a m

otor vehicle crash. Child ages 
w

ere grouped 1-3, 4-7, 8-12. Restraint use 
w

as classified as optim
al, sub-optim

al or 
unrestrained. O

ptim
al and sub-optim

al 
w

ere only crudely defined as in a child 
restraint or booster seat if aged 1-7 as 
optim

al and in an adult seat belt as sub-
optim

al, and 8 -12 years w
as just in an adult 

seat belt or not (booster seats w
ere not 

coded for this age group). 

unrestrained had approxim
ately 7 tim

es the risk 
of traum

atic brain injuries than those w
ho w

ere 
restrained – either optim

ally or sub-optim
ally. 

Children in each age group w
ho w

ere optim
ally 

restrained w
ere significantly less likely to have a 

neck, back or abdom
inal injuries or to be 

hospitalised than those w
ho w

ere unrestrained. 
Sitting in the back seat w

as found to be 
protective for children 8-12 years old.  By age 
group: the odds of children aged 1–3 year having 
neck, back or abdom

inal injuries w
ho w

ere 
optim

ally restrained w
as 63%

 less than children 
w

ho w
ere not restrained, w

ith the true effect 
being betw

een 68%
 and 59%

 (O
R= 0.37; 95%

 CI = 
0.32–0.41); sim

ilar results show
n for TBI (O

R = 
0.13; 95%

 CI = 0.10–0.17) or for being 
hospitalised (O

R = 0.41; 95%
 CI = 0.38–0.45). 

Children aged 4-7 years optim
ally restrained 

versus not restrained had significantly low
er 

odds of TBI (O
R = 0.10; 95%

 CI = 0.08–0.12)  

could not be determ
ined. Data for 

children aged <1 year unable to be 
used due to coding issue (m

issing 
ages also coded as 0 years) 

(Stew
art et al., 

2013)   
M

edical record review
 

of children aged 
<18years presenting to 
hospital traum

a 
centres in U

SA O
ntario 

follow
ing M

VCs. 
Population separated 
into children requiring 
child/booster seats 
and adolescents 
requiring lap/sash 
belts alone. 

III-2 
Canada 

Review
 of m

edical records, or coroners' 
reports, of children 0-17 years presenting to 
one of tw

o O
ntario traum

a centres as a 
result of injuries from

 a m
otor vehicle crash. 

Cases w
ere included if seated in the rear 

seat, and analysis com
pared tw

o age groups 
(0-8 years required to be in a child restraint 
or booster and 9-17 years required to be in 
a lap-sash belt) for injury outcom

es. 
Records w

ere cross-linked w
ith police 

records for 54%
 of cases w

here this w
as 

available. 

Serious injuries 
exam

ined by ISS, 
fatalities, body 
location 

There w
ere 36 children aged 0-8 years and 70 

children aged 9-17 in the sam
ple. Significant 

differences w
ere found betw

een the tw
o age 

groups on som
e body regions. The adolescents 

(9-17 year olds) had significantly higher 
proportion and m

ore severe injuries to the 
abdom

inal region, the child group (0-8 years) had 
a higher proportion w

ith severe head injuries 
(78%

 c.f. 38%
, p <0.001). Findings m

ay be 
associated w

ith the fact that only 55%
 of the 

younger group w
ere appropriately restrained. 

Lack of age-appropriate restraint resulted in a 
3.5-fold increase in odds of severe head injury 
(p=0.029). Am

ong the older group, there w
as 

m
ore than double the num

ber of unrestrained, 
rear occupants w

ith a severe head injury 
com

pared w
ith restrained (56%

 vs. 22%
; 

p=0.004). For severe abdom
inal injury, as age 

and use of age appropriate restraint increased so 
too did the odds of severe abdom

inal injury 
(O

R=3.8; p=0.034). Also found that children in 
the centre rear position had 6.6 tim

es the risk of 
severe head injury - w

hich m
ay be associated 

w
ith the hard centre console and the lack of a 

universal anchorage in the centre position. 

Data are not representative of all 
crashes, as they exclude those w

ith 
no or non-serious injuries as w

ell 
as those w

here the child died at 
the scene and w

as not transported 
to hospital. Details of the collision 
type (from

 police records) w
ere 

not available for 46%
 of cases. 

Com
paring the tw

o types of 
restraints had its lim

itations as 
there are m

any other factors 
associated w

ith the tw
o different 

age groups of the children that 
m

ay have influenced the 
outcom

es. Data w
ere not available 

on change in velocity and am
ount 

of intrusion, w
hich is im

portant to 
the biom

echanical analysis of 
injury tolerance. 

(Stew
art et al., 

2014)   
Retrospective review

 
of State Dept of 
Transportation and 
State Health Data 

III-2 
U

SA 
Retrospective analysis of scene crash data 
from

 Colorado State Departm
ent of 

Transportation (2007–2011) and State 
Departm

ent of Public Health data (2000–
2011) regarding infants w

ho presented to a 
traum

a centre after M
VC. 

Head injuries 
Properly restrained infants w

ere 12.7 tim
es less 

likely to present to a traum
a centre after an M

VC 
(O

R = 12.7, CI 95%
 5.6–28.8, p b 0.001). TBI w

as 
diagnosed in 73/119 (61.3%

) infants; 42/73 
(57.5%

) properly restrained, and 31/73 (42.5%
) 

im
properly/unrestrained (p = 0.34). Average 

head abbreviated injury scale w
as sim

ilar for 
properly restrained (3.2 ± 0.2) and im

properly 
/unrestrained infants (3.5 ± 0.2, p = 0.37). 

Im
proper restraint use is not 

defined in the paper, but appears 
to be related to appropriate use of 
an infant restraint. 
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(Tyroch et al., 2000) 
Retrospective record 
review

 
III-2 

U
SA 

Review
 of m

edical records of all children (0-
6 years old) presenting to ER at 2 hospitals 
(include m

inor or no injuries) (n=585). 
Autopsy records of pre-hospital deaths 
(n=14) for sam

e period also review
ed - 82 

m
onths. Injury severity exam

ined by 
restraint type. 

Injury Severity Score 
(ISS), injury type. 

W
ith the exception of spinal fractures, the 

restrained group show
ed a reduction in severe 

injuries for every anatom
ic site. The m

ean ISS (3 
for restrained  c.f. 8 for unrestrained) and the 
num

ber of children ǁ
ŝƚŚ ƐĞǀĞƌĞ ŝŶũƵƌŝĞƐ ;/^^ шϭϲ͕ 

21 vs. 38) w
as low

er in the restrained group, 
even w

hen stratified w
ith respect to child safety 

seat and seat belt use (P<.001) Percentage of 
uninjured children w

as higher in the restrained 
group (36%

 vs. 18%
). The fatality rate w

as 
significantly low

er in the restrained group.  

Did not know
 if restraints w

ere 
used properly. Crashes w

hich did 
not result in children presenting to 
the hospital w

ere not included. 

(Valent et al., 2002) 
Retrospective record 
review

 
III-2 

U
SA 

Five year period (95-99) for review
 of 

N
ational Autom

otive Sam
pling System

 data 
files w

ere used. Crashes w
ere police 

reported tow
-aw

ay collisions. 

Injury severity (AIS 
>2).  

After controlling for sex, age, seating position, 
vehicle and crash types com

pared w
ith children 

using no restraint system
, properly restrained 

children had significantly low
er overall injury risk 

(RR, 0.37; 95%
 CI, 0.20–0.69). Significant risk 

reductions w
ere also found for injuries to the 

head (RR 0.18; 95%
 CI, 0.10–0.35), thorax (RR, 

0.35; 95%
 CI, 0.13–0.93) and low

er extrem
ities 

(RR, 0.26, 0.12-0.57) as w
ell as for m

ortality 
(0.26, 0.12-0.59). 

Study looked at risk of injury to 
specific body areas.  Found m

any 
children not restrained at all. Som

e 
m

isreporting of seat belt use m
ight 

be expected.  Study did not collect 
data on w

hether harness, shield or 
tether w

as used.  

(W
olf et al., 2017)   

Ecological study - 
retrospective 
longitudinal study 
using a crash 
surveillance system

 

III-2 
U

SA 
A state-by-state analysis of factors 
associated w

ith crashes involving children 
less than 15 years of age for the period 
2010-2014 in the U

SA, using the Fatality 
Analysis Reporting System

 (FARS). Factors 
considered w

ere state policies as w
ell as 

characteristics of the vehicle, driver and 
passenger. Based on recom

m
ended 

restraint type for children, analysis w
as by 5 

age groups (0-2, 3-5, 6-8, 9-12, and 13-14 
years of age) 

Age-adjusted, M
VC-

related m
ortality 

rate (AAM
R) per 100 

000 children and 
percentage of 
children w

ho died of 
those in fatal M

VCs 

There w
ere 18,116 children recorded in the FARS 

database as being involved in a fatal crash during 
the five year period. Findings indicated that the 
strongest predictor of fatal injury for children 
w

as use or non-use or inappropriate use of a 
restraint (p<0.01). It w

as revealed that 20%
 of 

children w
ere not restrained or not appropriately 

restrained at the tim
e of the crash. There w

as 
considerable state variation on this aspect, from

 
2%

 in N
ew

 Ham
pshire to 38%

 in M
ississippi. For 

each 1%
 increase in the percentage of children 

w
ho w

ere unrestrained or inappropriately 
restrained, the AAM

R increased by 0.038 (95%
 CI 

0.020-0.057). Projected that potential 10%
 

absolute im
provem

ent in child restraint use 
w

ould decrease the national age-adjusted M
VC-

related m
ortality rate from

 0.94 to 0.56 per 100 
000 children. O

ver 5 years, this translates to 
>1100 paediatric deaths averted, or nearly 40%

 
of the deaths observed over the 2010-2014 
period. 

FARS database is lim
ited to crashes 

w
ith a fatality so the study did not 

include crashes in w
hich no 

occupant w
as killed.  Analysis did 

not include SES of the driver, nor 
level of enforcem

ent at the state 
level. Did not separate analysis for 
unrestrained and im

properly 
restrained. Also excluded children 
in an unenclosed passenger or 
cargo area, the vehicle exterior, or 
a trailing unit (all of w

hich the child 
w

as likely unrestrained). 
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 Consensus Based 
Recom

m
endation 1.2  

Restraints of any type should never be used to restrain tw
o or m

ore passengers at the sam
e tim

e. ,
 

 This consensus-based recom
m

endation is based on expert opinion, taking into account the follow
ing considerations. Sharing of a restraint by tw

o or m
ore occupants 

is thought to com
prom

ise the safety of both occupants, but there have been no form
al studies of this practice. Currently the law

 prohibits the sharing of seat belts 
and this position is supported by the Technical Drafting Group on the basis of the likelihood of a restraint not being properly fitted for either of the occupants if seat 
belts are shared. Furtherm

ore, there is an increased opportunity for head injuries if children’s heads contact each other during a crash if there is not adequate 
distance betw

een them
 as vehicle occupants. This practice point is based on expert opinion only as there is lim

ited field data available.  Additional research could 
include testing studies of injury risk for m

ultiple users of a single restraint. 
 Consensus Based 

Recom
m

endation 1.3 
Parents/carers are encouraged to exhaust all options for restraints in the child’s current or ‘recom

m
ended’ category 

before transitioning them
 to the next category of restraint, except for the cases noted in recom

m
endations 1.6 and 

1.8. 

 This consensus-based recom
m

endation is based on expert opinion, taking into account the follow
ing considerations. W

ithin a given restraint category, there is 
considerable variation in the size of children accom

m
odated by specific m

akes and m
odels of restraints (e.g. Bilston &

 Sagar, 2007), and w
hen a child exceeds the 

size lim
its of one particular m

odel of restraint, there m
ay be other restraints available in that category that accom

m
odate that child’s size, w

hich w
ould provide 

better protection than progressing to the next category of restraint. E.g. som
e rearw

ard facing infant restraints accom
m

odate children only up to 70cm
 in length 

(approxim
ately 6-9 m

onths of age), w
hile others accom

m
odate children in rearw

ard facing positions up to 80cm
 in length (approxim

ately 12 m
onths of age or even 

beyond). Sim
ilarly, som

e booster seats only accom
m

odate children up to an approxim
ate height of 128cm

 (Type E) or 138cm
 (Type F), w

hile others accom
m

odate 
children w

ell beyond these m
inim

um
 heights, reducing the potential ‘gap’ betw

een a booster seat and achieving good seat belt fit in a vehicle (see recom
m

endation 
1.9 and practice point 5). There are tw

o exceptions to this recom
m

endation. Rear facing restraints that accom
m

odate children up to approxim
ately 2-3 years of age 

(Type A4) are also available, but there is currently no evidence to support a recom
m

endation to either encourage or discourage the use of these restraints com
pared 

to properly used FFCRs for children w
ho have outgrow

n a Type A2 rear facing restraint (see Consensus Based Recom
m

endation 1.6). Secondly, FFCRs w
ith internal 

harnesses that accom
m

odate children up to approxim
ately 8 years of age (Type G) are available, but there is currently no evidence to support a recom

m
endation 

to either encourage or discourage the use of these restraints com
pared to w

ell-fitting high back booster seats (see Consensus Based Recom
m

endation 1.8). To date, 
there is little inform

ation regarding the relative perform
ance of sim

ilar restraints at the transition m
argins betw

een restraint types. Further research could clarify 
this issue. 
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Consensus Based 
Recom

m
endation 1.4 

Children using convertible restraints should use the restraint in the m
ode designed for younger children for as long as 

they fit in that m
ode rather than transitioning to the m

ode designed for older children as soon as they reach the 
m

inim
um

 size for the older m
ode. 

 This consensus-based recom
m

endation is based on expert opinion, taking into account the follow
ing considerations. Convertible restraints that com

bine tw
o (or 

m
ore) restraint types in a single restraint should be converted from

 one m
ode to another w

hen a child transitions from
 one restraint category to the next. There are 

no studies that specifically com
pare the safety perform

ance of convertible restraints to single-m
ode restraints, nor of the relative safety of children near the 

transition size in the tw
o operating m

odes of the restraint.  Further research could clarify this issue. In new
er restraints, shoulder height m

arkers typically indicate 
the m

inim
um

 size at w
hich a child can transition from

 one m
ode to the next (e.g. from

 rearw
ard facing to forw

ard facing, or from
 FFCR m

ode to booster seat m
ode). 

In older restraints, w
hich m

ay be labelled w
ith w

eight ranges rather than ages or shoulder height m
arkers, w

hen to m
ake this transition is less clear. Consistent w

ith 
other recom

m
endations for w

hen to m
ake these transitions (see recom

m
endations 1.5, 1.7) the restraint m

ode designed for younger children is recom
m

ended for 
use for as long as the child fits in the restraint in that m

ode. 

6.1.1 
Rearw

ard facing child restraints (RFCR) 
 Recom

m
endation 1.5 

Children, from
 birth, should use rearw

ard facing child restraints for as long as they fit w
ithin them

. ,
 

• 
For restraints certified to AS/N

ZS 1754(2004) or earlier w
hich do not have shoulder height m

arkers, the sign of 
the child having outgrow

n the restraint is w
hen the child’s shoulders are above the top shoulder harness strap 

slot for rearw
ard facing use.  

• 
For restraints certified under AS/N

ZS 1754(2010) or later, the sign of the child having outgrow
n the restraint is 

w
hen the child’s shoulders are above the upper shoulder height m

arker for rearw
ard facing restraint use. 

O
verall Evidence Grade 

B 
 Table 3:  Evidence statem

ent supporting recom
m

endation 1.5 

Evidence statem
ent 

Rear facing restraints are very effective in reducing injuries to infants if used correctly 

G
rade 

B 

Com
ponent 

Rating 
N

otes 
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Evidence base 
 Good 

Four studies of level III-2 evidence, one of level III-3 and tw
o level IV, m

ostly retrospective cohort studies based on 
large datasets and nested in-depth case review

s, provide an excellent level of evidence for this recom
m

endation. As 
for all field studies, there is som

e potential for selection bias in study sam
ples. 

Consistency 
Excellent 

O
f the six studies that qualified for inclusion, four concluded that rear facing restraints are the safest for children until 

this style of restraint is outgrow
n.  O

ne study of fatalities only (Du et al., 2008) found that the fatality risk w
as not 

significantly different betw
een restraint types. 

Public Health Im
pact 

Excellent 
Studies presenting O

dds Ratios reported reductions of serious injuries or death for infants and young children in rear-
facing restraints in the order of 88-96%

 com
pared w

ith no restraints, and significant gains com
pared to adult seat 

belts or even forw
ard facing restraints for children under 2 years.  

Generalisability 
Excellent 

Studies w
ere based in five different countries, including Australia, and m

ostly large population groups, so 
generalisability is considered to be very good. 

Applicability 
Good 

Several studies are from
 overseas w

ith different restraint designs than those allow
ed in Australia including 3 w

ithout 
top tether straps (M

cM
urry et al., 2018). Som

e older studies report findings relating to velcro-style infant capsules 
w

hich are no longer m
anufactured for Australian use, but in all, a range of designs of RFCRs in use in a num

ber of 
different of countries, including in Australia, have been show

n to offer the greatest protection against injury for 
infants.    

O
ther factors 

 
The risk of crashing, linked w

ith driver distraction if a child’s face cannot be seen easily by the driver due to being 
faced in the other direction, is not yet know

n.  
References 

 
(W

eber et al., 1993; Henderson, 1994; Cuny et al., 1997; Isaksson-Hellm
an et al., 1997; Arbogast et al., 2002; Durbin 

et al., 2005; Henary et al., 2007) 
Field studies indicate that RFCRs offer 88-96%

 reduction in the risk of fatal and serious injuries to properly restrained infants com
pared to no restraint.  A U

S study 
based on a large cohort of child passengers aged 0-23 m

onths involved in all types of crashes reported children in this age group w
ere 70%

 m
ore likely to incur a 

serious injury if in a FFCR than a RFCR (Henary et al., 2007). This paper w
as retracted (Henary et al., 2018) and re-analysis of the original study data (1988-2003) and 

a larger dataset (1988-2015) found no statistically significant difference in injury rates betw
een RFCR and FFCR users under 2 years of age (M

cM
urry et al., 2018). 

These U
S based studies include a large num

ber of untethered restraints (forw
ard and rearw

ard facing) that are not used in Australia, and is thus of lim
ited 

applicability. There is no evidence of serious neck injuries in correctly used Australian forw
ard facing restraints for children over 6 m

onths of age.  Currently data are 
not available on the actual optim

um
 age/size until w

hich RFCR are m
ost effective, how

ever on balance, the evidence suggests that children should stay rearw
ard 

facing as long as they fit w
ithin a rearw

ard facing restraint.  Further research is required on this issue. 
 M

any current Australian rearw
ard facing restraints, specifically Type A2 infant restraints and A2/B convertible restraints cater for and should be used for children 

up to at least 12 m
onths of age, and longer for sm

aller children.   N
ew

er Type A4 restraints accom
m

odate children to rem
ain rear facing up to approxim

ately 2.5 
years of age.  It is w

ell recognised that geom
etric fit is a key determ

inant of restraint effectiveness (Eppinger, 1993). Ergonom
ics for restraints are based on AS/N

ZS 
1754 (Standards Australia and Standards N

ew
 Zealand, 2010 ) and an Australian study of anthropom

etric m
easures (Bilston and Sagar, 2007) together w

ith US 
ergonom

ic data (Snyder et al., 1975; Snyder et al., 1977).  Children are, on average, heavier and slightly taller than in the 1970s  (Loesch et al., 2000), and som
e 

children can be outside these typical ranges. 
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In som
e convertible child restraints certified to AS/N

ZS 1754 (2004) or earlier editions of the standard, the m
axim

um
 shoulder harness strap slot that is suitable for 

rearw
ard facing use m

ay not be clearly identified on the restraint or in the instructions. In this case, the child’s supine length (height) is a suitable w
ay of determ

ining 
w

hen the child is too large for the RFCR. For A1 restraints, nom
inally suitable for children up to 9kg or 6-9 m

onths of age, the child restraint is suitable for rearw
ard 

facing use up to a supine length of 70cm
, and for Type A2 restraints, nom

inally suitable for children up to 12kg or 12 m
onths of age, this length is 80cm

 (Standards 
Australia and Standards New

 Zealand, 2013). Type A4 restraints are nom
inally suitable for children up to 30 m

onths, and w
hile no m

axim
um

 height is nom
inated, 

these restraints all have shoulder height m
arkers to guide selection. Restraints certified to the Australian Standard prior to AS/N

ZS 1754 (Standards Australia and 
Standards N

ew
 Zealand, 2010) are labelled w

ith child w
eight ranges rather than shoulder height m

arkers. These w
eight ranges are not based on evidence, but rather 

are historical estim
ates for the age ranges that w

ere recom
m

ended in earlier versions of the child restraint standard. Also, there is no field or laboratory testing 
evidence of a risk of structural failure in Australian child restraints, even in crashes w

ell above the severities used in standards or consum
er testing. Taken together 

w
ith the restraint design principles that best protection is achieved by m

atching the geom
etry of the restraint to a child’s anatom

y, these factors suggest that there 
is m

inim
al risk associated w

ith the use of child restraints by children w
ith w

eights that exceed the nom
inal w

eight ranges by a sm
all am

ount (1-3kg).  Further research 
could clarify this issue.  
 There is currently no research com

paring the relative safety perform
ance of different classes of Australian restraints w

ithin the rear facing category. i.e. com
paring 

the safety perform
ance of Type A1, Type A2, Type A4, and convertible restraints incorporating one of these in addition to a forw

ard facing m
ode. It should be noted 

that optim
al safety not only requires the child to use a size-appropriate restraint, but also for that restraint to be installed correctly and the child to be correctly 

secured w
ithin the restraint, and there is som

e evidence that convertible restraints are m
ore likely to be used incorrectly than single-m

ode restraints (Brow
n et al., 

2010b). This issue requires further research. 
 Table 4: Sum

m
ary of articles providing evidence for recom

m
endation 1.5 

Reference 
Study type 

Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

(Arbogast et 
al., 2002) 

A stratified 
cluster sam

ple 
study using a 
child specific 
crash 
surveillance 
system

 

III-2 
U

SA 
Data w

as collected from
 a large scale, 

population based, child-specific crash 
surveillance system

. Analysis w
as conducted on 

children aged 12 to 47 m
onths using forw

ard 
facing restraints. Drivers of case vehicles w

ere 
given telephone interview

s; and investigations 
of the crash scene and vehicle w

ere conducted 
w

ithin 24 hours of notification. 

Injury severity and 
distribution (AIS). 

43 children using a FFCR experienced injuries of AIS 2 
or greater. 96%

 of the injuries w
ere to the head, 

spine and extrem
ities. Looseness of the vehicle seat 

belt and child restraint harness w
ere show

n to be 
contributing factors to injury risk.  
11%

 of children received an injury to the neck, spine 
or back. Injury to the cervical spine during a crash 
occurred due to the interaction betw

een large head 
accelerations and the underdeveloped 
biom

echanical structure of the spine. It is suggested 
that rear-facing restraints use should be extended as 
they distribute crash forces across the entire torso, 
thereby protecting the neck. 

Lim
itations of the study include use of car 

m
odels from

 1990 onw
ards, thereby 

excluding uninsured and older vehicles. 
Additionally, inform

ation w
as collected via 

a telephone interview
, thereby introducing 

potential recall biases. Few
 tethered 

restraints in database of crashes, so of 
lim

ited applicability to Australian restraints 

(Cuny et al., 
1997) 

Cohort study - 
review

 of data 
III-2 

France 
Data sources (from

 4 m
onths during 1995-6) 

w
ere police crash records together w

ith m
edical 

records; 1327 children under the age of 10 w
ere 

included. 

Injury severity: AIS 
and M

AIS. 
Results indicate that RFCRs reduced the proportion 
of serious injuries (M

AIS= 2+) by 88%
, forw

ard facing 
by 71%

 and booster seats by 31%
.  Findings 

suggested that m
isuse of CRSs results in the sam

e 
proportion of serious injuries as no restraint.  

O
ne page article - m

ethods section is too 
brief to know

 how
 m

isuse of CRS w
as 

m
easured, how

 subjected w
ere included in 

the study or how
 estim

ates of proportion 
of injuries increased under different 
scenarios w

as calculated.  It is assum
ed 

that no restraint w
as the index m

easure. 
 

(Durbin et al., 
2005) 

Cross-sectional 
study using a 
child specific 

III-2 
U

SA 
Children 0-16 in 15 states w

ho w
ere involved in 

a M
VC over a four year period (Dec 1998-N

ov 
2002) in cars 1990 or new

er. O
ver-sam

pling of 

Injury status and by 
severity (AIS<2 and 
2+). 

The highest risk of injury w
as to unrestrained 

children in the front seat (8.7%
), follow

ed by 
unrestrained in the back seat (3.5%

). After adjusting 

Age appropriate restraint use and second 
(or third) row

 seating w
ork synergistically 

to achieve greater safety.  Restraint use 
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Reference 
Study type 

Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

crash 
surveillance 
system

 

children presenting for m
edical treatm

ent. Data 
from

 telephone interview
 w

ith driver or proxy 
w

ere included. Seating row
 and restraint use 

(correct and incorrect - w
ith CRS or booster seat 

use for children <9 w
as classified as "correct"). 

Approx. 18000 children w
ere included in the 

sam
ple.  W

eighted logistic regression w
as used. 

for age of child and type of vehicle, seating row
 and 

restraint status w
ere both independently associated 

w
ith injury risk.  Com

pared to appropriately 
restrained children, inappropriately restrained 
children w

ere at nearly tw
ice the risk of injury as 

(O
R: 1.8; 95%

 CI: 1.4 – 2.3), and unrestrained 
children w

ere at m
ore than three tim

es the risk of 
injury (O

R: 3.2; 95%
 CI: 2.5– 4.1). Seating row

 had 
less of an effect than restraint status, w

ith front seat 
use increasing injury risk by 40%

 as com
pared to rear 

seat use (O
R: 1.4; 95%

 CI: 1.2–1.7).  U
nrestrained 

children, com
pared w

ith those appropriately 
restraint, in the front seat had 4.3 tim

es greater risk 
of injury. 

and seating position relied on driver 
reporting of this inform

ation.  Study did not 
cover vehicles older than 1990 nor 
uninsured vehicles. 

(Henary et al., 
2007) 
(RETRACTED) 

Data review
 

from
 crash 

surveillance 
system

 

III-2 
U

SA 
870 children 0-23 m

onths old in a FFCR or RFCR 
old involved in a crash identified on the U

S 
N

HTSA database 1988-2003 w
ere included. O

nly 
those in restraints and not m

isusing them
 w

ere 
included. Crash severity w

as estim
ated from

 
vehicle m

ass and change in velocity, direction of 
force w

as utilised to create a variable 'proxim
ity' 

indicating if child w
as on the sam

e or other side 
than the intrusion. 

Injury severity (ISS < 
9 or 9+) and 
m

ortality. 

THIS STU
DY W

AS RETRACTED IN
 2017 D

U
E TO

 
ERRO

RS IN
 AN

ALYSIS. FIN
DIN

G
S EXCLU

DED
 FRO

M
 

EVIDEN
CE BASE. See (M

cM
urry et al., 2018)  

Reference rem
ains for reference only. 

Results not be considered. 

(Henderson, 
1994) 

Data review
 of 

injuries 
resulting in 
hospital 
attendance or 
fatality. 

III-2 
Australia 

Cases w
ere 247 children aged <15 attending 

hospital follow
ing a M

VC.  Interview
s w

ith a 
parent, inspection of the vehicle and 
reconstruction of the crash event using the 
EDCRASH program

 to obtain estim
ates of speed, 

change in velocity and deceleration that is likely 
to be m

ore accurate that reported during 
interview

 or from
 records. Restraint type w

as 
recorded.  Vehicles w

ere 1966-93. 

Injury severity (AIS 
>2) and fatal injuries. 

Side im
pact w

as the crash type m
ost likely to result 

in a significant injury (34%
 of case children sustained 

an injury of AIS 2 or greater).  Few
 infants w

ere in 
capsules (n=6, 2.6%

).  Injuries by restraint type w
ere 

sum
m

arised by possible m
echanism

. Lap-sash belts 
appeared to offer good protection but w

ere only 
available in outboard seats. A higher proportion of 
unrestrained children had a serious injury or fatality 
(26.3%

 fatally injured, 42.1%
 suffered an injury of AIS 

2 or greater), as com
pared w

ith restrained children 
(p<0.01). A high proportion of the cases w

ere in 
four-w

heel drive cars and m
ulti-passenger vehicles. 

Im
portance of seating position w

as highlighted. 
Concludes that restraints specifically designed for 
children are m

ost protective and adult seat belts do 
not offer protection from

 side-im
pacts. Som

e 
indications that m

any children w
ere m

oved out of a 
CRS too early. 

Provides an overview
 of the types of 

restraints available. Study population not 
necessarily representative of all crashes in 
w

hich children are injured and not those in 
w

hich an injury w
as prevented.  Strength of 

study w
as in understanding the crash 

event, not just the proportion of children 
injured and injury severity by each restraint 
type.  Sm

all num
bers in som

e restraint 
types, e.g. capsules and forw

ard facing 
restraints -lim

its conclusions. 

(Isaksson-
Hellm

an et al., 
1997) 

Cohort study - 
review

 of data 
IV 

Sw
eden 

Volvo crash surveillance database for the period 
1976-1996 and includes 4242 child occupants 
involved in crashes.  Details of the vehicle, and 
follow

-up survey to obtain details on the crash 
and m

edical records of injuries. Injury risk w
as 

the num
ber injured divided by the num

ber of 
occupants for each group.  

Injury severity: none 
or M

AIS, 1, 2 3+. 
O

ver the 20 year period there has been a m
arked 

decline in the risk of serious injury to children, 
particularly those under 3 years of age. Children in 
an adult seat belt show

ed a higher num
ber of m

inor 
and serious injuries than those in a CRS. Com

pared 
to no restraint, RFCRs w

ere found to reduce the 
proportion of children w

ith serious injury (M
AIS 2+) 

by 96%
. Analysis suggests that optim

al safety is not 
achieved unless the child is in the appropriate 
restraint for their age and size. 

Vehicles w
ere lim

ited to Volvos - but 
allow

ed for m
ore uniform

 com
parison of 

the effectiveness of different restraint 
types. Large proportion of unknow

n 
restraint type. Confidence intervals are not 
reported even though there are several 
breakdow

n categories (severity of injury, 
type of restraint, direction of im

pact, body 
location of injury etc.)  Results have too 
few

 num
bers to be significant. N

o 
m

ultivariate analysis. Significant 
differences to Australian restraint designs. 
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Reference 
Study type 

Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

(M
cM

urry et 
al., 2018)  

Re-analysis of 
data review

 
from

 crash 
surveillance 
system

 by 
Henary 2007 

III-3 
U

SA 
Review

 of cases of children 0-23 m
onths for 

1988-2015 on the U
S N

ational Autom
otive 

Sam
pling System

 Crashw
orthiness Data System

 
(N

ASS-CDS) database. Exam
ined seat orientation 

(RF or FF) and injury outcom
e. Excluded those 

im
pacted by airbag deploym

ent and roll-overs. 

Injuries to children 
(ISS of 9 or greater or 
w

ere fatally injured) 
plus individual 
injuries of AIS 2+ by 
body region. 

O
verall, there w

as a low
 injury rate of children up to 

2 years of age identified on the N
ASS-CDS database. 

Both 0-year olds and 1-year-olds in all data year 
groupings experienced low

er (but not statistically 
different) rates of injury w

hen restrained in RFCRS 
com

pared w
ith FFCRS. 

Insufficient sam
ple size for reasonable 

statistical pow
er or for m

eaningful 
regression controlling for covariates 

(W
eber et al., 

1993) 
Spinal cord 
injury accident 
case review

, 
full-scale crash 
reconstruction, 
and sled 
sim

ulation 

IV 
Canada and U

SA 
Transport Canada investigated a collision 
betw

een tw
o cars. This collision w

as then 
reconstructed using tw

o vehicles. Finally, a 6-
m

onth dum
m

y w
as used to determ

ine 
kinem

atics and biom
echanical responses to the 

crash.  

Laboratory testing of 
head accelerations, 
neck loads and 
m

om
ents, dum

m
y 

m
otions and head 

displacem
ent. 

Case child (6 m
onths old) suffered a spinal cord 

contusion w
hich resulted in paraplegia follow

ing a 
crash in a FFCR. Follow

ing sled testing, it w
as found 

that harness tightness (slack vs. tight), back angle, 
and tether (present vs. absent) m

ade little different 
to the forces and m

om
ents experienced by the neck 

of the dum
m

y (average force of over 1200N
). Rear-

facing restraints appear to significantly reduce the 
forces experienced by children under 1 year old in 
the event of a crash. 

A lim
itation of this study is that no sled-

tests w
ere conducted to determ

ine the 
response of a 6 m

onth old dum
m

y using a 
rear-facing restraint under sim

ilar crash 
conditions. 

   Consensus Based 
Recom

m
endation 1.6 

Restraints designed for extended rearw
ard facing use up to approxim

ately 2-3 years of age are now
 available (Type 

A4). These are an acceptable alternative to use of a forw
ard facing child restraint for children w

ho fit w
ithin them

. 

• 
For these restraints, the sign of the child having outgrow

n the restraint is w
hen the child’s shoulders are above 

the upper shoulder height m
arker for rearw

ard facing restraint use. 

 This consensus-based recom
m

endation is based on expert opinion, taking into account the follow
ing considerations. There is currently no field or laboratory testing 

experience w
ith these new

 restraints, w
hich differ substantially in design from

 overseas restraints for extended rearw
ard facing use, how

ever these restraints w
ill 

be required to pass sim
ilar perform

ance tests as for rearw
ard and FFCRs in Australia and are likely to offer good protection. There is currently no evidence to support 

a recom
m

endation to either encourage or discourage the use of these restraints com
pared to properly used FFCRs for children w

ho have outgrow
n a Type A2 rear 

facing restraint. Further research is required to assess their perform
ance and any potential benefits com

pared to FFCRs.  
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6.1.2 
Forw

ard facing child restraints (FFCR) 
 Recom

m
endation 1.7 

Children should use forw
ard facing child restraints w

ith an inbuilt 6-point harness (Type B) system
 from

 the size that 
they outgrow

 their rearw
ard facing infant restraint, until their shoulders are above the m

axim
um

 allow
able height for 

their forw
ard facing restraint. ,

 
• 

For restraints certified to AS/N
ZS 1754(2004) or earlier, w

hich do not have shoulder height m
arkers, the sign of the 

child having outgrow
n the restraint is w

hen the child’s shoulders are approxim
ately 2.5cm

 above the top shoulder 
harness strap slot for forw

ard facing use.  
• 

For restraints certified under AS/N
ZS 1754(2010) or later, the sign of the child having outgrow

n the restraint is 
w

hen the child’s shoulders are above the upper shoulder height m
arker for forw

ard facing restraint use. 

O
verall Evidence Grade 

A 
 Table 5: Evidence statem

ent supporting recom
m

endation 1.7 

Evidence statem
ent 

FFCRs are highly effective in preventing injury.  

G
rade 

A 
Com

ponent 
Rating 

N
otes 

Evidence base 
Good 

N
ine studies from

 Australia and internationally provide evidence that forw
ard facing restraints are m

ore effective 
than adult seat belts for children up to 6 years of age. 

Consistency 
Excellent 

Findings are in the sam
e direction for all studies. Studies that provide risk estim

ates show
 that the benefit of FFCR is 

greater for younger children (2-3 years) than older children – how
ever all children less than 6 w

ere found to be safer 
in FFCRs than in adult seat belts. 

Public Health Im
pact 

Excellent 
From

 71-88%
 reduction in risk of serious injury w

as found if using a properly fitted child restraint com
pared to an 

adult seat belt for children aged approxim
ately 2-6 years of age.  

Generalisability 
Good 

Studies are from
 a variety of countries, including Australia, and findings are consistent. The appropriateness of the fit 

of the child in the restraint is im
portant to the restraint’s effectiveness.  There are lim

itations to the generalisability 
of older studies as children m

ay, overall, be heavier than several decades ago, and studies have not been conducted 
on specific ethnic groups w

here children m
ay be outside the size-for-age ranges used in anthropom

etric studies. 
Applicability 

Good 
In addition to the directly relevant studies, there are a num

ber of older studies and international studies w
hich 

exam
ine FFCRs designs not currently used in Australia, particularly forw

ard facing restraints w
ithout top tethers, that 
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are of lim
ited relevance to currently used Australian restraints. How

ever, their findings are sim
ilar to the Australian 

studies. 
O

ther factors 
 

 
References 

 
Evidence includes field data (Henderson, 1994; Cuny et al., 1997; W

inston et al., 2000; Arbogast et al., 2004; Brow
n 

et al., 2005; Brow
n et al., 2006b; Zaloshnja et al., 2007) and laboratory testing (Brow

n et al., 1995; Bilston et al., 2005) 
  Current Australian forw

ard facing restraints, particularly Type B restraints and B/E convertible restraints used in forw
ard facing restraint m

ode, cater for 95%
 of 

children up to their 4
th Birthday (Bilston and Sagar, 2007). There are num

erous studies from
 Australia and internationally that provide evidence that FFCRs, 

particularly those w
ith top tether straps, as required in Australia, better protect children up to the age of 6 (and in som

e studies, older) than an adult seat belt during 
a crash. Laboratory studies have som

e lim
itations due to the biofidelity of the anthropom

orphic test dum
m

ies (ATD) and a lim
ited num

ber of restraint types tested. 
How

ever, these studies strongly show
 that FFCRs are effective in reducing contact betw

een the child and other objects in the event of a crash, and head accelerations 
and neck forces that are associated w

ith head and spinal injuries, respectively. Field data, based on surveillance system
s capturing large num

bers of events in a 
variety of restraint and collision types, from

 other countries and som
e w

ithin Australia support the laboratory findings. 
 

FFCRs offer optim
al protection for children w

ho fit w
ithin them

 (Brow
n et al., 2006b; Zaloshnja et al., 2007; Brow

n and Bilston, 2009).  Laboratory studies w
ith 3 

year old ATD in FFCRs and boosters indicate that the risk of death or serious injury is likely to be low
er in the child restraint than the booster (Brow

n and Bilston, 
2006b; Bilston et al., 2007).   

 
Restraints certified to the Australian Standard prior to AS/N

ZS 1754(2010) are labelled w
ith child w

eight ranges rather than shoulder height m
arkers. These w

eight 
ranges are not based on evidence, but rather are historical estim

ates for the age ranges that w
ere recom

m
ended in earlier versions of the child restraint standard. 

Also, restraints are tested w
ith crash test dum

m
ies that are larger and heavier than the m

axim
um

 nom
inal w

eight (for FFCRs, this is a 23kg 6 year old test dum
m

y), 
and there is no field or laboratory testing evidence of a risk of structural failure in Australian child restraints, even in crashes w

ell above the severities used in 
standards or consum

er testing. Taken together w
ith the restraint design principles that best protection is achieved by m

atching the geom
etry of the restraint to a 

child’s anatom
y, these factors suggest that there is m

inim
al risk associated w

ith the use of child restraints by children w
ith w

eights that exceed the nom
inal w

eight 
ranges by a sm

all am
ount (1-3kg). 
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Table 6: Sum
m

ary of articles providing evidence for recom
m

endation 1.7 
Reference 

Study type 
Level 

of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

(Arbogast et al., 
2004) 

Cross 
sectional 

study, 
insurance 

records 

IV 
U

SA 
Com

pleted surveys on 1207 children aged 12-47 
m

onths 
involved 

in 
crashes 

from
 

15 
states 

(selected from
 database of insurance records) 

over period of 3.5 years of children (booster seat 
and forw

ard facing restraint). 

Injuries 
defined 

as 
m

inor (<2) or serious 
(2+) 

based 
on 

telephone survey w
ith 

parents and use of AIS. 
This 

w
as 

com
bined 

w
ith data on severity 

of crash to determ
ine a 

restraint effectiveness 
estim

ate. 

The risk of serious injury w
as 78%

 low
er for FFCRs than 

adult seat belts (O
R=.22, CI= .11-.45 p<0.001) and 79%

 
low

er for risk of hospitalisation (O
R=.21, CI=0.09-.5, 

p<0.001). 
N

o 
difference 

in 
restraint 

types 
in 

preventing m
inor injuries. 

Lim
itations in sam

pling - those captured by 
insurance claim

s. Recall 
bias 

possibilities 
w

ith telephone interview
s after the incident. 

(Bilston et al., 
2005) 

Laboratory testing - 
sim

ulated 
side-

im
pact, 

instrum
ented 

dum
m

ies and high-
speed cam

eras 

III-2 
Australia 

Tw
o differently designed FFCR w

ere tested (older 
and new

er style) - all w
ith top tethers in place. 

Different belt routing positions w
ere tested and 

head injury criteria plotted via sensor outputs. 

Contact 
betw

een 
dum

m
y's 

head 
and 

thorax and the door - 
using chalk paint and 
review

 of 
high-speed 

cam
era footage. 

Findings 
indicated 

that 
anchorage 

points 
have 

profound effect on head protection for side-im
pact. 

Com
pletely rigid low

er attachm
ent of restraints offers 

greater potential for reductions in head injury risk, 
than anchorage system

s. The addition of energy 
absorbing m

aterial in the side structure of restraint 
system

s is effective w
hen the head is fully contained 

w
ithin an adequately designed side w

ing structure. 
For restraints anchored by seat belts and loop style 
sem

i rigid anchorage straps, belt routing has the 
potential 

to 
significantly 

affect 
occupant 

head 
excursion. 

Test 
dum

m
ies, 

w
hile 

m
ost 

advanced 
available, w

ere not designed for side-im
pact 

tests. 

(Brow
n et al., 

1995) 
Laboratory study - 
sled testing 

III-2 
Australia 

U
sing a dum

m
y to sim

ulate a 6 m
onth old, 3 

m
odels of forw

ard facing 6-point harness CRS 
w

ere tested.  Tw
o had high m

ounted tethers, and 
one low

.  Several sensors w
ere used to detect 

forces and m
om

ents on key body locations. Crash 
events w

ere captured on a high-speed cam
era. 

12 separate tests w
ere conducted. 

U
pper and low

er neck 
lum

bar 
forces 

and 
m

om
ents.  Loads and 

acceleration on head, 
chest and pelvis. 

Restraints w
ith the high m

ounted tether tended to 
have low

er head acceleration, and low
er neck axial 

loads.  It appeared that the low
er tethered restraint 

perform
ed not very differently to a restraint just 

anchored by a 3-point belt. 

O
nly one kind of low

 m
ounted restraint w

as 
used.  Collisions types lim

ited to frontal. 

(Brow
n et al., 

2005) 
Review

 of m
edical 

record 
data 

crash 
investigation 

and 
interview

 w
ith the 

driver. 

III-2 
Australia 

152 Children aged 2-8 presenting to 1 of from
 2 

paediatric hospitals in Sydney, as a result of a 
M

VC. Drivers w
ere interview

ed and an inspection 
of the vehicle before repair, w

here possible. 
Results indicate optim

al restraints for 2-4 year 
olds w

ere FFCR w
ith a 6-point internal harness, 

for 4-6 year olds: belt positioning booster seat 
w

ith lap-sash belt, and for 6-8 year olds: an adult 
lap-sash belt. Crash im

pact param
eters w

ere 
calculated, age and height and w

eight w
ere 

collected. Data from
 Henderson's 1994 study w

as 
analysed. 

Injuries - by AIS code. 
O

nly 18%
 of children w

ere optim
ally restrained. A 

non-significant difference betw
een the proportion of 

sub-optim
ally restrained w

ho w
ere injured (76%

) and 
those 

optim
ally 

restrained 
(61%

) 
- 

but 
w

hen 
exam

ining only serious injuries the difference w
as 

significant (29%
 versus 0%

 respectively).  Younger 
children w

ho are inappropriately restrained are at 
higher injury risk than older children. 

Sam
ple 

w
as 

from
 

paediatric 
teaching 

hospitals so biased tow
ards the m

ore serious 
injuries. Cross validation of findings done on 
several 

factors. 
O

ptim
al 

restraint 
w

as 
adapted from

 the Am
erican Academ

y of 
Paediatrics guidelines (2005). M

isuse w
as 

not able to be included, except w
here gross 

m
isuse 

w
as 

evident 
as 

noted 
on 

the 
am

bulance form
 or m

edical record. Few
er 

children unrestrained (3%
) than 10 years 

earlier in the Henderson study (11%
). 

(Brow
n et al., 

2006a) 
Retrospective case 
review

, 
portion 

w
ith 

in-depth 
investigation 
including 
laboratory 
sim

ulation of m
ain 

use errors. 

III-2 
Australia 

Review
 of 152 children aged 2-8 years and 

restraints involved in crashes and presenting to a 
paediatric em

ergency departm
ent. Assessm

ent 
of restraint use, quality of restraint, data on 
heights and w

eights from
 interview

 or m
edical 

records - or age-based estim
ates.  Com

parisons 
m

ade betw
een appropriate and inappropriate 

use and fit for size.  Also 6 sled crash tests w
ere 

done to sim
ulate outcom

es in optim
al and sub-

optim
al restraint use 

Correct/incorrect 
use 

of 
restraint 

(appropriateness 
of 

restraint for child and 
correct 

use). 
Laboratory testing of 
head 

accelerations, 
neck 

loads 
and 

m
om

ents, 
dum

m
y 

m
otions 

and 
head 

displacem
ent. 

O
f the 142 cases for w

hich quality of restraint use w
as 

know
n, 82%

 w
ere sub-optim

ally restrained - w
ith 78%

 
using inappropriate restraint for size. An injury AIS 2+ 
(serious w

as incurred by 0%
 of those w

ho w
ere 

appropriately 
restrained 

and 
28%

 
of 

those 
inappropriately 

restrained 
(not 

significant 
after 

controlling for crash severity); and m
oderate injuries 

w
ere incurred by 22%

 and 57%
 (p<0.05) respectively.  

Incorrect use w
as associated w

ith 6 tim
es the risk of 

life-threatening 
injury 

after 
controlling 

for 
crash 

severity. Laboratory testing confirm
ed that excessive 

torso and head m
ovem

ent occurs w
ith incorrect belt 

Q
uality assessm

ents not m
ade blind to the 

injury 
outcom

e. 
Convenience 

sam
ple 

of 
children presenting to hospital - excludes 
m

inor injuries and deaths.  Lim
ited data 

available as used case review
 only - not 

collected system
atically.  
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Reference 
Study type 

Level 
of 

Evidence 
Country 

M
ethods 

O
utcom

es 
Findings  

Com
m

ents 

use. Results suggest that incorrect use of a restraint is 
potentially m

ore serious in term
s of risk of injury than 

using the incorrect restraint for size. 
(Cuny et al., 
1997) 

Cohort 
study 

- 
review

 of data 
III-2 

France 
Data sources (from

 4 m
onths during 1995-6) 

w
ere police crash records together w

ith m
edical 

records; 1327 children under the age of 10 w
ere 

included. 

Injury severity: AIS and 
M

AIS. 
Results indicate that rear facing CRs reduced the 
proportion of serious injuries (M

AIS= 2+) by 88%
, 

forw
ard 

facing 
by 

71%
 

and 
booster 

seats 
by 

31%
.  Findings suggested that m

isuse of CRSs results 
in the sam

e proportion of serious injuries as no 
restraint. Children in vehicles w

here the driver w
as at 

fault in the crash w
ere m

ore likely to be unrestrained 
and m

ore likely to be seriously injured. 

O
ne page article - m

ethods section is too 
brief 

to 
know

 
how

 
m

isuse 
of 

CRS 
w

as 
m

easured, how
 subjected w

ere included in 
the study or how

 estim
ates of proportion of 

injuries increased under different scenarios 
w

as 
calculated.  

It 
is 

assum
ed 

that 
no 

restraint w
as the index m

easure. 

(Henderson, 
1994) 

Data 
review

 
of 

injuries resulting in 
hospital 
attendance 

or 
fatality. 

III-2 
Australia 

Cases w
ere 247 children aged <15 attending 

hospital follow
ing a M

VC.  Interview
s w

ith a 
parent, 

inspection 
of 

the 
vehicle 

and 
reconstruction of 

the crash event 
using 

the 
EDCRASH program

 to obtain estim
ates of speed, 

change in velocity and deceleration that is likely 
to 

be 
m

ore 
accurate 

that 
reported 

during 
interview

 or from
 records. Restraint type w

as 
recorded.  Vehicles w

ere 1966-93. 

Injury severity (AIS >2) 
and fatal injuries. 

Side im
pact w

as the crash type m
ost likely to 

result in a significant injury (34%
 of case children 

sustained an injury of AIS 2 or greater).  Few
 

infants w
ere in capsules (n=6, 2.6%

).  Injuries by 
restraint 

type 
w

ere 
sum

m
arised 

by 
possible 

m
echanism

. Lap-sash belts appeared to offer 
good 

protection 
but 

w
ere 

only 
available 

in 
outboard 

seats. 
A 

higher 
proportion 

of 
unrestrained children had a serious injury or 
fatality (26.3%

 fatally injured, 42.1%
 suffered an 

injury of AIS 2 or greater), as com
pared w

ith 
restrained children (p<0.01). A high proportion of 
the cases w

ere in four-w
heel drive cars and m

ulti-
passenger 

vehicles. 
Im

portance 
of 

seating 
position 

w
as 

highlighted. 
Concludes 

that 
restraints specifically designed for children are 
m

ost protective and adult seat belts do not offer 
protection from

 side-im
pacts. Som

e indications 
that m

any children w
ere m

oved out of a CRS too 
early. 

Provides an overview
 of the types of 

restraints 
available. 

Study 
population 

not 
necessarily 

representative 
of 

all 
crashes in w

hich children are injured and 
not 

those 
in 

w
hich 

an 
injury 

w
as 

prevented.  Strength of study w
as in 

understanding the crash event, not just 
the proportion of children injured and 
injury 

severity 
by 

each 
restraint 

type.  Sm
all num

bers in som
e restraint 

types, e.g. capsules and forw
ard facing 

restraints -lim
its conclusions. 

(W
inston et al., 

2000) 
Retrospective 
review

 of data from
 

crash 
surveillance 

system
 + interview

 

III-2 
U

SA 
Sentinel surveillance from

 insurance claim
s in 15 

states in the U
SA, follow

-up telephone interview
 

w
ith parents.  Autom

ated sam
pling process to 

select participants. 

Crashes 
requiring 

m
edical treatm

ent to 
child 

occupants 
0-15 

years. 

11,123 cases for a one year surveillance period w
ere 

included 8334 interview
s com

pleted. Young children 
in seat belts w

ere 3.5 tim
es m

ore likely to incur a 
significant injury and 4.2 tim

es m
ore likely to incur a 

head injury than those in a child restraint.  The risk of 
significant injury w

as greater for children aged 2-3 
than those aged 3-5 years if w

earing an adult seat belt 
com

pared to a dedicated child restraint.  Recom
m

end 
that stay in CR until at least 4 years and 18 kg. 

Real-w
orld study, and as result a certain 

level of m
isuse of restraints that could not be 

controlled 
for.   

Restraint 
use 

w
as 

self-
reported 

during 
the 

interview
 

after 
the 

crash.  

(Zaloshnja et 
al., 2007) 

Cohort 
study 

- 
review

 of data 
III-2 

U
SA 

Review
ed 7 years of data of crashes that involved 

a tow
-aw

ay and exam
ining the restraint being 

used by children aged 2-3 years (as all being of a 
size suitable for child restraints). Data on 409 
children 

w
ere 

available 
and 

com
pared 

child 
restraint w

ith lap-sash belt. 

Any injury (vs. none). 
Child seat provided significantly better protection 
than the lap–sash belt (82%

 reduction in risk of injury 
after controlling for vehicle and crash characteristics 
including crash severity).  Protective value of the CR 
w

as greatest in roll-over events (O
R = 5.79for seat 

belt). This study suggests that child safety seats are 
m

ore effective than lap- safety belts for children aged 
2 to 3 years seated in the rear. 

As child seat types not described, results did 
not cover severity of injury by restraint type 
– 

and 
w

ere 
likely 

to 
be 

different 
than 

Australian types. Lim
ited to 2-3 year old 

children and no inform
ation on correct use 

of restraint. 
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Consensus Based 
Recom

m
endation 1.8 

Restraints designed for extended forw
ard facing use w

ith an inbuilt 6-point harness for children up to approxim
ately 8 

years of age are now
 available (Type G

 AS/N
ZS 1754). These are an acceptable alternative to use of a booster seat for 

children w
ho fit w

ithin them
. 

 This consensus-based recom
m

endation is based on expert opinion, taking into account the follow
ing considerations. There is currently no peer review

ed published 
field or laboratory testing experience w

ith such restraints, either in Australia or overseas, how
ever these restraints w

ill be required to pass sim
ilar perform

ance tests 
as for FFCRs in Australia and are likely to offer good protection. There is currently no evidence to support a recom

m
endation to either encourage or discourage the 

use of these restraints com
pared to w

ell-fitting high back booster seats for children too large for Type B FFCRs. Further research is required to assess the perform
ance 

and any potential benefits com
pared to booster seats.  

 Recom
m

endation 1.9 
O

nce a child has outgrow
n their forw

ard facing child restraint, they should use a booster seat (Type E or Type F in 
AS/N

ZS 1754) until they can no longer fit w
ithin it or can achieve good seat belt fit as assessed by the '5 step test' in 

the vehicle they are riding in. M
ost children up to 10-12 years of age w

ill require a booster seat to obtain good belt 
fit. ,

 
O

verall Evidence Grade 
B 

 Parents and carers are recom
m

ended to exhaust all booster seat options before using a seat belt alone for a child w
ho cannot achieve good seat belt fit. Good seat 

belt fit depends on the m
atch betw

een the child and the vehicle seat and seat belt geom
etry. Vehicle seats and seat belts vary considerably, but good seat belt fit in 

m
ost vehicles is generally not achieved for m

ost children until approxim
ately 10-12 years of age. There rem

ains a potential gap in optim
al protection for children 

w
ho have outgrow

n currently available booster seats (Type E, Type F) but still cannot achieve good seat belt fit in som
e or all vehicles, as assessed by the 5 step test.   

  
 



 Technical Report 
 

 
 

 
 

 
 Page | 36  

Table 7: Evidence statem
ents supporting recom

m
endation 1.9 

Evidence statem
ents 

1. 
Booster seats m

itigate the risk of serious injuries to children too sm
all for adult seat belts and poor lap belt fit is associated w

ith 
increased risk of abdom

inal and head injuries.  
2. 

Poor shoulder belt fit is associated w
ith increased risk of neck injuries 

3. 
Poor shoulder belt fit is associated w

ith increased risk of spinal injuries 
4. 

Children do not get good adult belt fit until they can sit upright (not slouching) w
ith the lap belt low

 and firm
 across the iliac spines 

of the pelvis and shoulder belt in centre of shoulder 
(see corresponding references – note references span m

ultiple ages) 
G

rade 
B 

Com
ponent 

Rating 
N

otes 
Evidence base 

 4-8 year olds: 
Good  

   
   8-12 year olds: 
Satisfactory  
 

Studies are quite heterogeneous in term
s of the age groups, crash conditions and restraint types exam

ined w
hich 

m
akes defining the precise transition age or size problem

atic. A m
ix of field data (10 studies and one system

atic 
review

) and laboratory studies (3 studies) provide good evidence for this recom
m

endation for children aged 4-8 years, 
show

ing that lap-sash adult seat belts are less effective than booster seats or child restraints for children due to poor 
fit w

hich results in poor distribution of restraint forces on the child in the event of a crash. O
ne system

atic review
 

(Asbridge et al., 2018)  found no benefit of booster seats over seat belts in term
s of injury or m

ortality, and noted the 
poor quality of m

any studies, including failure to adjust for im
portant confounders. 

There is lim
ited field data for injuries to booster seat users vs. seat belt users specifically for children over 8 years of 

age or older. The evidence base for older children is less direct, and relies on studies of poor seat belt fit, and field 
data that show

s that children in this age group sustain sim
ilar abdom

inal injuries to younger children in seat belts 
(M

iller et al., 2002; Cam
pbell et al., 2003) and an apparent reduction in injury risk (but num

bers are too sm
all for 

statistical analysis).  O
ne field study show

ed an increased risk of spinal injuries for children aged 8-12 in adult seat 
belts com

pared to adults (Brow
n and Bilston, 2009). 

Consistency 
4-8 year olds: 
Satisfactory  

   
 8-12 year olds: 
Satisfactory  

Results on booster seat effectiveness largely find a benefit in injury reduction, but the data is not com
pletely 

consistent. W
hile tw

o studies (M
iller et al., 2002; Rice et al., 2009) found that for 4-7 year olds in the rear seat there 

w
as no safety advantage of booster seats than adult seat belts for fatalities, and one study found no protective effect 

for injury (M
a et al., 2013) m

ost other studies that included injuries as w
ell as fatalities reported that younger children 

(albeit age groups varied in different studies) are less w
ell protected in adult seat belts than in booster seats. 

O
ne m

eta-analysis found no benefit of booster seats over seat belts (Asbridge et al., 2018). 
For older children, w

hile evidence is largely lim
ited to anthropom

etric studies, three studies such indicated that a 
good seat belt fit is not achieved until the child is approxim

ately 10-12 years of age, and in som
e cases older depending 

on the child and the vehicle (Klinich et al., 1994; Huang and Reed, 2006; Bilston and Sagar, 2007). 
Public Health Im

pact 
Excellent 

Studies assessing the relative risk of injury found a significant reduction in serious injury risk or fatality (approx. 30-
80%

 reduction) for younger children (approx. 4-8 years) in belt-positioning booster seats com
pared to adult seat belts 

w
hen controlling for age.  For older children, only one study em

ploying field data w
as identified and it concluded that 

an increased risk of spinal injuries extends to children up to 12 years of age if they are using a seat belt rather than a 
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booster seat in the event of a serious crash (Brow
n and Bilston, 2009). Som

e studies include a m
ix of children across 

these tw
o age groups. 

Generalisability 
Good 

Large databases from
 field studies from

 a few
 different countries provide a good level of generalisability of the 

available evidence. Studies include field injury data, ergonom
ic studies of booster seat and seat belt fit (largely based 

on m
easurem

ents of child size). Thus, the findings should be able to be generalised to all children w
here such sizes 

can be determ
ined, regardless of ethnic or cultural backgrounds. There is a paucity of evidence for older children, 

how
ever, the ergonom

ic principles can be expected to be relevant to this age group. 
Applicability 

Good 
Booster seats and vehicle seat belt system

s are very sim
ilar internationally to those in Australia, and international 

studies are thus directly applicable to the Australian context for younger children.  How
ever, the international studies 

likely include a larger proportion of booster cushions, w
hich are being phased out in Australia, due to changes in 

AS/N
ZS 1754 in 2010.  Six studies from

 Australia (three w
ithin the last five years), w

ith consistent results w
ith overseas 

studies, indicate a good level of the applicability of the findings to the current Australian context. O
nly one field study 

(Brow
n and Bilston, 2009) provides outcom

e data on children up to 12 years of age, although one U
S-based study 

includes a sm
all num

ber of children aged 8-10 years (M
a et al., 2013). 

Tw
o of the anthropom

etric studies w
hich consider child sizes un to around 150cm

 tall, are relatively recent. O
ne U

.S. 
study exam

ined data from
 56 different vehicles (Huang and Reed, 2006) and one Australian study exam

ined data from
 

51 vehicles (Bilston and Sagar, 2007), so, their findings are applicable to the Australian context. How
ever, no data are 

available for m
ore recent vehicle m

odels. 
O

ther factors 
 

There are lim
itations to the testing of dum

m
ies in a slouched position, w

hich m
ay m

ean laboratory data 
underestim

ates rather than overestim
ates the relative risk. 
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  This recom

m
endation is based on evidence from

 a m
ix of study types including crash or injury surveillance data supplem

ented w
ith data from

 interview
s w

ith the 
driver of the m

otor vehicle together w
ith in-depth crash analysis and laboratory studies. Available field studies available are quite heterogeneous in the populations 

studied (including the age of children included) and their m
ethodologies, so precise size or age cut-off at w

hich booster seats are no longer required are not w
ell 

defined to date.  There m
ay be a gradually decreasing risk as the child grow

s from
 age 4-12 and seat belt fit im

proves, but currently there isn’t strong evidence about 
the injury risks for different age or sized children too sm

all to obtain good seat belt fit w
ithout a booster seat. Anthropom

etric data (Klinich et al., 1994; Huang and 
Reed, 2006; Bilston and Sagar, 2007) dem

onstrated the physical m
ism

atch betw
een child anthropom

etry and rear seat cushions and seat belt geom
etry in vehicles.   
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The evidence suggests that children should not use an adult seat belt alone until they can achieve good rear seat (i.e. they can sit upright w
ithout slouching) and 

seat belt fit. Good seat belt fit can help prevent the risk of ‘subm
arining’ (w

here the child slides underneath the lap belt), or ‘seat belt syndrom
e’ (SBS) (injuries to 

the lum
bar spine or abdom

inal region, or neck injuries from
 the sash belt). This requires that the child’s thighs are long enough to allow

 them
 to sit com

fortably w
ith 

their low
er back against the back of the seat, and their knees bent in front of the front edge of the seat AN

D the sash part of the seat belt should pass across the 
m

iddle of the shoulder, not across the neck. These are the elem
ents of fit sum

m
arised in the “5 step test”. A m

inim
um

 standing height (typically in the range of 145-
150cm

, although 135cm
 is used in som

e locations in Europe) is som
etim

es recom
m

ended as a transition point to adult seat belts, rather than the m
ore 

com
prehensive “5 step test” recom

m
ended here, and the suitability of standing height as a transition m

arker for adult seat belt fit w
as a topic of debate, particularly 

am
ong input from

 the project steering com
m

ittee, largely due to the relative sim
plicity of com

m
unicating a specific standing height as a transition com

pared to the 
“5 step test”. How

ever, the evidence base for a specific standing height as the safe transition point is lim
ited. There is considerable variation in rear seat and seat 

belt geom
etry in passenger vehicles (Bilston and Sagar, 2007) and in the proportions of leg and torso size in children of sim

ilar standing height (Bilston and Sagar, 
2007), and thus standing height is not considered to be a good m

etric for assessing suitability of seat belt fit for a specific child in a particular vehicle. M
oreover, the 

use of a specific standing height as a m
inim

um
 requirem

ent for adult seat belt use can create confusion for parents and carers, because there rem
ains a gap in 

restraint availability for children w
ho have outgrow

n currently available booster seats (Type E, Type F in As/N
ZS 1754) but still cannot achieve good seat belt fit in 

som
e or all vehicles. Specifically, Type E and Type F booster seats are not required to (and do not) accom

m
odate all children up to the com

m
only quoted standing 

height of 145-150cm
 for transition to adult seat belt use, m

aking this an unsuitable m
etric for transition. Finally, there is som

e evidence that parents and carers 
often do not accurately know

 their child’s height and/or w
eight, but do know

 their age (Bilston et al., 2008), so a statem
ent of expectation that good seat belt fit is 

unlikely to be achieved before the age range of 10-12 years (Bilston and Sagar, 2007) is included to set reasonable expectations for the m
inim

um
 age that a child 

can achieve good adult seat belt fit, and a tim
e at w

hich the “5 step test” can reasonably be used to test for good seat belt fit. Further research is required on how
 

best to com
m

unicate good seat belt fit requirem
ents for the transition to adult seat belts, including the “5 step test”. 

 Recent international studies provide a m
ixed picture of booster seat effectiveness, w

ith som
e dem

onstrating benefit and others not finding benefit in preventing 
injuries com

pared to seat belts. There is one m
eta-analysis (Asbridge et al., 2018) w

hich did not find a benefit of booster seats over seat belts alone, but the authors 
noted the poor quality of included studies, heterogeneity of booster seats used, and that studies generally did not address the quality of belt fit achieved by boosters 
used. M

any of these studies include low
 back boosters now

 only rarely used in Australia. There is little evidence addressing the direct link betw
een booster design 

and the belt fit achieved and injury outcom
e. There is a need for research to exam

ine booster seat effectiveness in the Australian context.  
 W

ith evidence that poor seat belt fit is associated w
ith an increased risk of serious abdom

inal injuries (O
R = 1.7-4.2) com

bined w
ith the evidence on the requirem

ents 
for a good adult seat belt fit for children (i.e. typically up to and including 10-12 years of age) it is likely that children are better protected in crashes if they are in a 
booster seat until they can achieve a good fit in an adult seat belt.  
 Restraints certified to the Australian Standard prior to AS/N

ZS 1754(2010) are labelled w
ith child w

eight ranges rather than shoulder height m
arkers. These w

eight 
ranges are not based on evidence, but rather are historical estim

ates for the w
eights that m

atch age ranges that w
ere recom

m
ended in earlier versions of the child 

restraint standard. Also, restraints are tested w
ith crash test dum

m
ies that are larger and heavier than the m

axim
um

 nom
inal w

eight (for Type E booster seats, this 
is a 32kg 10 year old test dum

m
y, and for Type F booster seats, this is a 36kg 10 year old dum

m
y), and there is no field or laboratory testing evidence of a risk of 

structural failure in Australian child restraints, even in crashes w
ell above the severities used in standards or consum

er testing. In addition, the prim
ary restraint 

forces in booster seats are borne by the seat belt rather than the booster itself. Taken together w
ith the restraint design principles that best protection is achieved 
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by m
atching the geom

etry of the restraint to a child’s anatom
y, these factors suggest that there is m

inim
al risk associated w

ith the use of booster seats by children 
w

hose w
eight exceeds the nom

inal w
eight range by a sm

all am
ount (1-3kg), if the child still fits w

ell into the booster seat and cannot achieve good seat belt fit 
w

ithout a booster. 

Table 8: Sum
m

ary of articles providing evidence for recom
m

endation 1.9 
Reference 

Study type 
Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

(Anderson et al., 2017)   
Retrospective 
longitudinal study 
using a crash 
surveillance system

 

III-2 
U

SA 
Analysis of police attended crashes 
involving children 8-12 years of age in 
W

ashington state, U
SA (2002-2015). 

Children w
ere those travelling as 

passengers and using either a booster 
seat or only a seat belt. Data on 75,859 
children w

ere analysed. Logistic 
regression analysis used to assess the 
im

pact of the booster seat com
pared to 

the seat belt alone on the level of 
injury. Adjusted m

odels included 
consideration of individual-, vehicle-, 
and crash-level variables.   

Injury status and by 
severity according to 
the KABO

C scale w
hich 

assesses none or non-
evident, incapacitating 
or fatal 

Steep increase in use of booster seats am
ong 8-12 year 

olds over the surveillance period, w
ith 2%

 using them
 in 

2002 and 14%
 in 2015.  The use of a booster com

pared to 
seat belt alone w

as associated w
ith a 19%

 reduction in the 
odds of any injury after adjusting for other factors 
(O

R=0.814, 95%
 CI=0.749, 0.884). W

hen exam
ining the 

findings by sub age groups, using a booster w
as seen to be 

associated w
ith a 13%

 reduction in chance of any injury for 
8-9 year olds (O

R=0.869, 95%
 CI=0.818, 0.923) and a 33%

 
reduction am

ong 10-12 year olds (O
R=0.675, 95%

 CI=0.505, 
0.902).  Boosters, com

pared to seat belts alone w
ere not 

found to be associated w
ith a difference in risk of fatal or 

incapacitating injury, for all age groups com
bined nor w

hen 
analysed by the tw

o sub age groups.  

U
sed the KABO

C scale for injuries: 
quite crude and determ

ined by police: 
non-evident (none or m

inor), 
incapacitating, fatal. M

easures of the 
height and w

eight of the children w
ere 

not available, so this m
ay have been a 

factor in w
hether older children w

ear 
boosters and the potential added 
protection they m

ay offer. 

(Arbogast et al., 2007) 
Retrospective data 
review

 - child injury 
surveillance system

 

III-2 
U

SA 
Abdom

inal injuries (n=21) com
pared to 

those w
ithout abdom

inal injuries 
(N

=16) in children 15 years or less. 
Detailed case review

 of those under 12 
sustaining an abdom

inal injury (AIS >2) 
from

 a frontal crash.  A second group 
w

ith sim
ilar crashes but w

ithout severe 
abdom

inal injury w
ere review

ed. 

Abdom
inal or chest 

w
all injury, other 

injuries. 

Seat belt loading directly over the injured organs w
as 

responsible for the m
ajority of the abdom

inal injuries. The 
loading w

as attributed to either poor seat belt positioning, 
poor child posture or m

isuse of the shoulder belt. 

Convenience sam
ple from

 insurance 
database from

 15 states plus DC. 
M

echanism
 of injury w

as inferred 
from

 analysis after the crash. 

(Arbogast et al., 2009a) 
longitudinal cohort 
study 

III-2 
U

SA 
Review

 of insurance claim
s of children 

4-8 years seated in the rear seat in M
VC 

- data from
 16 states plus DC for 8 year 

period + interview
 w

ith parents 
selected via a stratified cluster sam

ple.  
Interview

s w
ere conducted on approx. 

35000 children from
 530,000 involved 

in crashes. 

Level of m
edical 

treatm
ent follow

ing 
the crash: no 
treatm

ent, physician’s 
office or em

ergency 
departm

ent only, 
adm

itted to hospital 
or death) Injury 
severity of AIS 2 or 
higher.   

1.15%
 of all children in the sam

ple incurred an injury of a 
severity rating of AIS 2 or higher.  The risk of this level of 
injury w

as alm
ost half of that for children in booster seats 

com
pared to those in a seat belt (O

R=0.55, CI= 0.32-0.96) 
Children in side im

pact crashes benefited the m
ost from

 
booster seats, show

ing a reduction in injury risk of 68%
 for 

near side im
pacts and 82%

 for far-side im
pacts. N

o 
significant difference in the risk of injury betw

een the 
children in backless versus high-back boosters (O

R: 0.84; 
95%

 CI: 0.44 –1.61). Head injuries w
ere the m

ost com
m

on - 
and abdom

inal injuries w
ere m

ostly associated w
ith seat 

belt use - not boosters.  

Large sam
ple - but lim

ited to one 
m

ajor insurance group - so potentially 
som

e biases in sam
ple selection. 

Further detail provided about the type 
of injuries incurred. Findings do not 
suggest type of booster seat 
significantly alters the risk of injury - 
im

portant findings as backless 
boosters are cheaper and generally 
m

ore acceptable to older children. 

(Asbridge et al., 2018)   
System

atic review
 

and m
eta-analysis of 

observational 
studies 

II 
U

SA 
System

atic review
 of all suitable studies 

up to Decem
ber 2016 of observational 

studies of children aged 4-10 years 
involved in M

VC. Experim
ental 

laboratory and sim
ulator studies, and 

case reports w
ere excluded.  A m

eta-
analysis w

as conducted to determ
ine if 

sufficiently hom
ogeneous data w

ere 
available. 

M
ain outcom

es 
included w

ere injury 
and fatality 

Eleven articles w
ere included in the review

.  In all, no 
association betw

een booster seats and risk of serious or 
fatal injuries w

as identified. O
f studies w

ith unadjusted 
analysis, 2 found booster seats w

ere protective of AIS 2+ 
injuries com

pared to adult seat belts; one found they w
ere 

associated w
ith an increase in the risk of injury, and 4 

found no difference. Three studies provided adjusted 
analysis and all reported boosters as a protective factor 
against AIS 2+. The m

eta-analysis (w
hich included 4 studies) 

revealed no significant difference in risk of AIS 2+ (O
R 1.03, 

95%
 CI 0.53–1.99). N

ull effect w
as also observed w

hen 
rem

oving studies w
ith potential high levels of bias, and 

w
hen lim

iting the analysis to the 2 studies w
ith adjusted 

analysis. Sim
ilarly, w

hen studies exam
ining fatalities w

ere 

O
nly 4 studies w

ere suitable for 
inclusion in the m

eta-analysis, and tw
o 

of these had sm
all sam

ple sizes. 
Lim

ited selection of studies by age 
range of children, not height and 
w

eight so m
ay have m

issed studies 
show

ing greater association. Also, 
w

hether the boosters w
ere used 

correctly or not w
as not exam

ined.  
Data w

as from
 articles that exam

ined 
crashes from

 2002-2009, and there 
have been im

provem
ents in design 

since that tim
e.  
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Reference 
Study type 

Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

exam
ined there w

ere no significant reduction in risk for 
those w

earing booster seats.  Results w
ere m

ixed for 
studies exam

ining specific injuries such as head, face and 
lim

bs. W
hen review

ing studies that exam
ined types of 

boosters, only high-back booster seats w
ere fund to have a 

significant protective effect com
pared to seat belts.  N

o 
study found differential effect w

hen considering the age 
group of the children.  

(Baker et al., 2018) 
O

bservational study 
of kinem

atics of 
children in vehicles 
under "sharp 
turning" conditions 

III-2 
Sw

eden 
O

bservational study of 18 child 
volunteers (aged 5-10 years) on a 
backless booster cushion and a 2-stage 
integrated booster cushion. 
Professional driver did sharp turns at 
50kph. Seat position w

as right-side rear 
seat, and child w

as restrained by the 3-
point seat belt. Video tracking softw

are 
w

as used to assess the kinem
atics of 

the child. 

Shoulder belt (SB) 
engagem

ent and seat 
belt to body interaction 
w

ere assessed. 

Booster cushion type and the child's height interacted to 
influence seat belt to body interaction. O

n the w
hole, 

shorter children on the booster cushion displayed slightly 
m

ore lateral displacem
ent of the nasion than taller 

children, although there w
as not a large range of lateral 

displacem
ents across all children. The seat belt generally 

stayed on the shoulder, w
ith 89%

 of slip-off instances 
occurring for shorter children on the BC than am

ong taller 
children. Children loaded the shoulder belt by axially 
rotating their torso into the seat belt m

ore often on the 
integrated booster cushion than the booster cushion. 

O
nly one m

odel of booster cushion 
w

as used. O
ther m

odels m
ay change 

the seat belt position and change the 
gap betw

een the seat belt and the 
torso. The study used only 18 children 
under a know

n test condition w
ith a 

professional driver. This is a lim
itation 

to the translation of the finding to the 
unexpected crash situation - as w

ell as 
to injury outcom

es. 

(Bilston and Brow
n, 

2007) 
Retrospective case 
review

 w
ith binom

ial 
logistic regression 

IV 
Australia 

Data for children up to 16 years of age 
attending one of tw

o paediatric 
hospitals w

ith a spinal injury w
ere 

collected. 340 children w
ere identified. 

Spinal injuries: injury 
m

echanism
, type and 

location on the spine. 

Traffic related injuries w
ere found to be the m

ost com
m

on 
cause of injury. M

ore m
inor neck injuries w

ere reported in 
the 9-12 age range, and m

ost w
ere associated w

ith sitting 
in the front seat, and w

ere obtained follow
ing w

hip-lash 
like m

ovem
ent. 

All types of spinal colum
n injury 

analysed from
 2 m

ajor children’s 
hospitals. N

on-spinally injured controls 
not included.  

(Bilston and Sagar, 2007) 
Seat &

, seat belt 
geom

etry 
m

easurem
ents and 

child anthropom
etric 

data  

IV 
Australia 

51 vehicle right rear outboard seating 
positions w

ere m
easured from

 a range 
of late m

odel (2005/6) vehicles. 

Anthropom
etric 

m
easures: seated 

shoulder height, 
seated eye height, 
shoulder breadth; 
m

easurem
ents of rear 

seat geom
etry - 

cushion depth, angles 
etc. for com

m
on 

vehicles m
odels on 

the Au m
arket. 

Findings suggested that for the shortest seat cushion, at 
50th percentile a child does not have adequate length for 
good seated posture until 11.5 years of age, and in average 
car seat, the average child is 15 before being the right size 
for good posture.  G

ood geom
etric fit is im

portant for its 
influence on graduation from

 one restraint type to another 
and prem

ature graduations is associated w
ith low

er levels 
of protection in crashes. 

Com
parative study of vehicle and 

restraint geom
etry w

ith child 
anthropom

etry from
 published data. 

Assum
ed that U

s child population is 
good representation of Australian 
child population. Australian cars and 
restraints m

easured. 
     

(Bilston et al., 2007) 
O

bservational study 
- crash laboratory 
sim

ulation of real 
crashes 

III-2 
Australia 

Reconstruction of crashes in w
hich 4 

children aged 2-8 w
ere injured and 

another 4 w
ith m

inor injuries - 
assessing child kinem

atics. Com
parison 

w
ith crashes in w

hich children w
ould 

not have been injured and w
ith crashes 

in w
hich the sam

e restraints w
ere 

correctly w
orn. 

M
easurem

ent on 
dum

m
ies of tri-axial 

head acceleration and 
upper neck forces and 
m

om
ents - som

e had 
tri-axial pelvis 
accelerations 
m

easured instead. 

Detailed case by case analysis of real scenario, and w
hen 

varying factors to do w
ith restraint use in the lab. Results 

indicate that inappropriate use and m
isuse of restraint by 

child occupants can result in unfavourable kinem
atics - 

exposing child to high risk of injury. 

Dum
m

y sensors w
ere not useful in 

predicting injury (as evidenced by the 
injuries sustained in the real 
situations).  Differences in crash 
factors (not being able to replicate it 
exactly) m

ay have contributed. 

(Brow
n and Bilston, 

2006a) 
Laboratory testing - 
based on real-w

orld 
crashes 

III-2 
Australia 

152 Children aged 2-8 presenting to a 
paediatric hospital betw

een July 2003 
and January 2005. Cases w

here good 
restraint inform

ation could be 
determ

ined w
ere kept, leaving 142. 

Restraint use w
as labelled as either 

appropriate or inappropriate, and 
correct or incorrect. Laboratory testing 
of m

isuse m
odels w

as perform
ed. 

Injuries - by M
AIS and 

ISS codes – in three 
levels; m

inor injury 
(ISS>4), m

oderate 
injury (ISS>9), and 
severe injury (ISS>15). 

Incorrectly restrained children w
ere 7 tim

es m
ore likely to 

sustain life-threatening injuries. There w
as a higher 

proportion of abdom
inal injury am

ong those incorrectly 
restrained (unadjusted O

R for abdom
inal injury in 

incorrectly restrained 2.1, CI 95%
 0.39-10.7, adjusted 

O
R=1.8, CI 95%

 0.34-9.5). Inappropriate restraint use, 
including prem

ature graduation to an adult seat belt, w
as 

seen as the m
ost com

m
on form

 of sub-optim
al restraint 

use. 

The field sam
ple m

ay be m
ore biased 

tow
ards m

ore serious crashes as 
children w

ere collected follow
ing 

adm
ittance to the em

ergency 
departm

ent.  
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Reference 
Study type 

Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

(Brow
n and Bilston, 

2009) 
Retrospective record 
review

 
IV 

Australia 
72 cases of spinal traum

a in children 
under 17 years of age.  Data extracted 
on positioning, type and 
correct/incorrect use of restraint 
(recorded by am

bulance officer) along 
w

ith dem
ographics and crash severity 

(low
, m

ed, high). Aged split into below
 

and above 8 years.  

Spinal injuries: 
classified as 
m

inor/external and 
soft tissue dam

age 
(approx. AIS=1), and 
m

ajor w
hich w

ere 
those that posed 
som

e risk to the spinal 
cord or colum

n. 

72 cases w
ere identified (58 < 12 years of age, 

14 >12 years of age). U
sing logistic regression to adjust for 

confounders, including crash severity and crash type, age, 
being less than 12 years w

as found to be significantly 
associated w

ith serious spinal injury. Com
pared to older 

children, children aged less than 12 years w
ere m

ore likely 
to sustain serious spinal injury (O

R 7.1, 95%
 CI 1.2 to 42.9). 

Convenience sam
ple from

 2 paediatric 
hospitals - not representative of all 
cases, excludes m

inor and fatal 
injuries. 

(Brow
n et al., 2005; 

Brow
n et al., 2006a) 

Review
 of m

edical 
record data crash 
investigation and 
interview

 w
ith the 

driver. 

III-2 
Australia 

152 Children aged 2-8 presenting to 1 
of 2 paediatric hospitals, as a result of a 
M

VC. Interview
s w

ere conducted w
ith 

the driver and an inspection of the 
vehicle before repair, w

here possible. 
O

ptim
al restraints for 2-4 year olds 

w
ere: FFCR w

ith a 6-point internal 
harness, for 4-6 year olds:  belt 
positioning booster seat w

ith lap-sash 
seat belt, and for 6-8 year olds: an adult 
lap-sash seat belt.  

Injuries - by AIS code. 
Few

er children unrestrained (3%
) than 10 years earlier in 

the Henderson study (11%
). O

nly 18%
 of children w

ere 
optim

ally restrained. A non-significant difference betw
een 

the proportion of sub-optim
ally restrained w

ho w
ere 

injured (76%
) and those optim

ally restrained (61%
) - but 

w
hen exam

ining only serious injuries the difference w
as 

significant (29%
 versus 0%

 respectively).  Younger children 
w

ho are inappropriately restrained are at higher injury risk 
than older children. 

Sam
ple w

as from
 paediatric teaching 

hospitals thus biased tow
ards m

ore 
serious injuries. Cross validation of 
findings done on several factors. 
O

ptim
al restraint w

as adapted from
 

the Am
erican Academ

y of Pediatrics 
guidelines (2005). M

isuse w
as not able 

to be included, except w
here gross 

m
isuse w

as evident as noted on the 
am

bulance form
 or m

edical record.  

(Cam
pbell et al., 2003) 

Cross-sectional study 
- review

 of data 
IV 

U
SA 

M
edical data from

 one hospital for the 
period 1999-2001, inclusive, w

ere 
review

ed for paediatric adm
issions 

(aged 4-13 years) for seat belt 
contusions.  M

echanism
 of injury, 

seating location, type of seat belt, and 
treatm

ent.  

Abdom
inal contusion 

resulting in hospital 
adm

ission. 

There w
ere 46 cases betw

een 4 and 12 years of age, 
average 7.5 years. Injuries w

ere linked w
ith lap-only belts 

for 33 cases and lap-sash belts. 48%
 had surgery, 41%

 
suffered facial injury.  

Study w
as not designed to identify the 

relative risk of seat belt related 
injuries to children com

pared to adults 
nor com

pared to children of the sam
e 

age in child restraints. M
ain finding 

w
as that children up to the age of 12 

incur the sam
e abdom

inal injuries as 
young children. 

(Charlton et al., 2005) 
Laboratory - sled 
testing 

III-2 
Australia 

Tw
o types of booster seats w

ere tested 
using 3 configurations: lap belt only, 
harness correctly fitted, and harness 
incorrectly fitted, as w

ell as no child 
restraint - just an adult seat belt. The 2 
harness types w

ere also tested using 
ISO

FIX and top tether anchors. Hybrid 
III 6-year-old and 3 year old dum

m
ies 

w
ith sensors w

ere used. 

N
eck injury values 

w
ere calculated from

 
axial forces and 
flexion bending 
m

om
ents. 

Results show
ed that the booster seats offered superior 

protection com
pared to adult seat belt, in term

s of head 
acceleration and neck injury values. W

ith the 3 year old 
dum

m
y the correct use of the harness - w

ith crotch strap in 
place - w

as crucial to elim
inate subm

arining (w
hich can 

cause serious injury to the neck region). 

Lim
ited bio fidelity of the dum

m
ies 

(stiffer than real child). Som
e tests 

w
ere only perform

ed at relatively low
 

speeds and higher speed testing is 
needed. 

(Durbin et al., 2003) 
Cross-sectional study 

III-2 
U

SA 
Review

 of insurance claim
s of children 

4-7 years seated in the front and rear 
seat in M

VC - data from
 15 states for 

3.5 year period + interview
 w

ith 
parents selected via a stratified cluster 
sam

ple.  Interview
s w

ere conducted on 
4243 children from

 48257 involved in 
crashes. In-depth crash investigation 
w

as conducted w
here child w

as killed 
or seriously injured. Paired inform

ation 
(2 children in sam

e vehicle) w
as 

available for 170 pairs to exam
ine 

seating position. 

Cases w
ere identified 

via insurance report 
and w

here child w
as 

m
edically treated for 

an injury.  O
utcom

e of 
interest from

 survey 
w

as parent report of 
clinically significant 
injuries. 

Response rate w
as 74%

. Injuries occurred in 1.81%
 of all 4-

7 year-olds, including 1.95%
 of those in seat belts and 

0.77%
 of those in belt positioning booster seats. After 

adjusting for age and sex of child, seating position, driver 
age, crash severity, and vehicle characteristics, the odds of 
injury w

ere 59%
 low

er (95%
 CI = 0.2 to 0.86), in belt 

positioning booster seats than adult seat belts. Children in 
belt positioning booster seats had no injuries to the 
abdom

en, neck/spine/back, or low
er extrem

ities, w
hile 

children in seat belts alone had injuries to all body regions. 
Booster sea use declined w

ith age.  There w
as no injury 

effect observed in association w
ith airbags.  

First real-w
orld evidence that booster 

seats are associated w
ith significantly 

reduce risk of injury.  Seating position - 
did not seem

 to affect injury risk. 

(Ernat et al., 2016)   
Retrospective chart 
review

 of children 
hospitalised as a 
result of a m

otor 
vehicle crash 

III-2 
U

SA 
A total of 97 patient records w

ere 
included in the analysis of restraint type 
by injury sustained. Cases w

ere 
adm

itted to a level 1 traum
a centre 

betw
een 2003 and 2011 and included 

Rates of injury as w
ell 

as injury type and 
location 

It w
as show

n that 52%
 w

ere either in the w
rong restraint 

for their age or in the front seat, a further 26%
 w

ere 
unrestrained. Significant differences w

ere found betw
een 

the injuries by the restraint type used, and the age of the 
child. Proper use of child restraints w

as significantly higher 

The study did not differentiate 
betw

een type of restraint (booster 
versus FF - CRS or RF - CRS) and no 
inform

ation w
as available about the 

speed or direction of im
pact at the 
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Reference 
Study type 

Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

all children betw
een 0 and 10 years 

treated for spinal injury due to a M
VC. 

Analysis w
as initially by restraint type, 

then by w
hether it w

as correctly used.  

in younger aged children (betw
een 0 and 1 years) 

com
pared to older children (betw

een 4 and 5 years). 
Higher rates of cervical spine and isolated ligam

entous 
injuries w

ere seen am
ong the unrestrained children 

com
pared w

ith 2-point (lap sash only) and 3-point (lap and 
shoulder sash) restrained passengers, w

hen proper 3P 
restraint use w

as not taken into consideration. Three-point 
restrained passengers had higher rates of TL injuries than 
unrestrained passengers even w

hen isolating the 
com

parison w
ith those using 3P restraints properly. 

tim
e of the crash. Case selection w

as 
based on having a spinal injury so 
being able to assess the im

pact of 
restraints on the risk of spinal injury 
w

as not done. Did not investigate 
injuries caused by air bag deploym

ent.  

(Huang and Reed, 2006) 
Anthropom

etric 
analysis 

IV 
U

SA 
Anthropom

etric data from
 several 

sources w
as analysed to assess seat fit 

for children for 56 different late-m
odel 

vehicles. U
sing seat cushion criteria 

details for each vehicle type w
ere 

determ
ined.  Child ages from

 crash 
databases w

ere obtained and 
anthropom

etric m
easures inserted. 

M
atch betw

een child 
thigh sizes and seat 
cushion lengths. 

There w
ere no differences in the distribution of ages by 

m
ake or m

odel of cars. Findings indicate there is a 
significant m

ism
atch betw

een thigh length m
easurem

ents 
of rear occupants and rear seat cushion lengths – w

hich 
can encourage slum

ping am
ong those w

hose calves hit the 
seat cushion, bringing their body forw

ard. Slum
ping is 

associated w
ith poor fitting of seat belts increasing the 

injury risk in a crash. 

Study is focused on anthropom
etric 

analysis – but the understanding of 
the principles of a good fit betw

een 
the child size and the seat size is highly 
relevant. Consistent w

ith Bilston and 
Sagar (2007) in Australian vehicles. 

(Isaksson-Hellm
an et al., 

1997) 
Cohort study - 
review

 of data 
IV 

Sw
eden 

Volvo crash surveillance database for 
the period 1976-1996 and includes 
4242 child occupants involved in 
crashes.  Details of the vehicle, and 
follow

-up survey to obtain details on 
the crash and m

edical records of 
injuries. Injury risk w

as the num
ber 

injured divided by the num
ber of 

occupants for each group.  

Injury severity: none or 
M

AIS, 1, 2 3+. 
O

ver the 20 year period there has been a m
arked decline in 

the risk of serious injury to children, particularly those 
under 3 years of age. Children in an adult seat belt show

ed 
a higher num

ber of m
inor and serious injuries than those in 

a CRS. Com
pare to no restraint, w

earing an adult seat belt 
w

as found to reduce the proportion of children w
ith 

serious injury (M
AIS 2+) by 59%

, belt positioning booster 
reduced it by 76%

, and rear facing CRS reduced it by 96%
 

(forw
ard facing not reported). Analysis suggests that 

optim
al safety is not achieved unless the child is in the 

appropriate restraint for their age and size. 

Vehicles w
ere lim

ited to Volvos - but 
this allow

ed for m
ore uniform

 
com

parison of the effectiveness of 
different restraint types. Large 
proportion of unknow

n restraint type. 
Confidence intervals are not reported. 
Results have too few

 num
bers to be 

significant. N
o m

ultivariate analysis.  

(Kirley et al., 2009) 
Data review

 from
 2 

sources: national 
surveillance system

 - 
police attended 
crashes as w

ell as 
insurance com

pany 
database 

III-2 
U

SA 
All available crashes from

 1997-2006 
for children aged 3-7 years not in front 
seats (614 cases draw

n random
ly to 

represented nearly 350,000 cases for 
detailed vehicle inspection and 
interview

). Three restraints types 
classified as lap-only, booster seat and 
lap and booster w

ith lap and shoulder 
belt. Incorrect use, w

here know
n or no 

restraint at all w
ere excluded. Restraint 

use and injuries determ
ined from

 
telephone surveys on the latter 
database by a cluster random

ised 
sam

ple and on the police report on eh 
form

er. 

Injury location and 
severity - m

axim
um

 
abbreviated injury 
score (M

AIS >2). 

Results from
 both datasets suggest that booster seats w

ith 
lap/shoulder belts show

ed the low
est injury rates (.12%

 
and .96%

 for the tw
o data sets), com

pared to lap-only belts 
(1.21%

 and 1.74%
). N

one of the differences betw
een 

restraint types and injury w
as significant on one dataset 

(police attended) but the difference betw
een booster and 

lap-belt only w
as significant for the insurance claim

s 
database. O

verall conclusion that booster w
ith both 

shoulder and lap belt is the safest choice, w
ith the use of 

lap-only belts (w
ith or w

ithout a booster) w
as the least 

safe. 

Booster seats included shield booster 
seats. A high error rate in reporting of 
restraint type.  Self-reported data for 
restraint use and injury type and 
severity - not possible to determ

ine 
correct use over the telephone.  Low

 
num

ber of children in booster seats 
w

ith lap belt only. 

(Klinich et al., 1994) 
Anthropom

etric 
study 

III-3 
U

SA 
Com

parative study of child 
anthropom

etry and belt fit for 155 
children aged 7-12 years. 
Anthropom

etric analysis of sam
ple of 

children (volunteers) in 4 different 
types of booster seats and no booster 
seat.  

Height, w
eight, sitting 

height and belt fit 
using booster seats – 
contact points w

ith 
various body parts 
(face, neck shoulder 
etc.). 

Key finding: Booster seats im
prove belt fit and posture. The 

m
inim

um
 size child for using lap-sash belts alone is a sitting 

height of 74 cm
, standing height of 148 cm

, and a w
eight of 

37 kg.  Com
paring the anthropom

etric data w
ith earlier 

studies, authors noted that children for a given height w
ere 

heavier than 20 years earlier (1970s). 

Study is now
 dated as w

as based in 
the U

S – so som
e lim

itations to 
generalisability to current Australian 
children and booster seats. 
Participants w

ere volunteers. 

(Lane, 1994) 
Case series – review

 
of m

ass data on 
casualty related 

III-2 
Australia 

Case series of 48 children aged 0-14 
w

ith abdom
inal or lum

bar spine injuries 
from

 TAC database, w
ith som

e analysis 

Lum
bar spine or 

abdom
inal injuries 

associated w
ith SBS. 

Changing design rules and legislation has m
eant calculating 

an annual rate of SBS injuries w
as not possible. 

Substantially elevated risk of SBS injuries in lap-only belts. 

Several assum
ptions m

ade to calculate 
the relative risk of lap-belt related 
injuries including the generalisability 
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Reference 
Study type 

Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

crashes and follow
-

up interview
s 

of incidence and relative rates of seat 
belt syndrom

e (SBS injuries) in various 
seating positions. Exposure in different 
seating positions w

as estim
ated by use 

of survey data. 

The increase in risk is by a factor of tw
o (1.57/0.77) 

com
pared to a rear-seat lap-sash belt.  

of the survey findings – w
hich m

ight 
be expected to result in an 
underestim

ation of the effectiveness 
of lap-sash seat belts in reducing 
injuries. 

(M
a et al., 2013)  

Retrospective 
m

atched 
longitudinal study 
using a crash 
surveillance system

 

III-2 
U

SA 
Exam

ined cases of children involved in 
crashes 1998-2009 identified on the 
N

ational Autom
otive Sam

pling System
 

(N
ASS) Crashw

orthiness Data System
 

(CDS). Children w
ere aged betw

een 0 
and 10 years and w

ere not seated in 
the front seat of the vehicle. A m

atched 
analysis design w

as em
ployed 

com
paring those w

ithin the 4-7 year 
age group (the age range required by 
law

), w
ith those outside that range. A 

total of 2,476 children w
ere in the 

sam
ple. Restraint use w

as grouped as 
not restrained, lap sash belt only, or 
backless or high-back booster seat. 
Children w

ere m
atched on child age, 

vehicle body type and sam
pling w

eight. 

Any injury (exam
ined 

by AIS 1+ and AIS 2+, 
as w

ell as severe 
injury of ISS > 8), fatal 
injury and regional 
body injury. 

Children w
ith com

bined seat belts and booster seats w
ere 

27%
 less likely to have any injury than those w

ith no 
restraints, (RR = 0.73, 95%

 CI = 0.55 to 0.96). N
o association 

w
as observed for any injury or for severe and fatal injury, 

w
hen com

paring children w
ith com

bined seat belts and 
booster seats w

ith children restrained by seat belts alone.  
Those in a booster seat w

ere significantly less likely to have 
a head injury, face injury, upper body injury and low

er 
extrem

ity injury w
hen com

pared to children w
ith no 

restraints. How
ever, they had m

ore than a three-fold risk 
of a neck injury (AIS 1+) but no difference in the risk of 
m

oderate neck injury (AIS 2+).  

Cases w
ere lim

ited to those involved 
in tow

-aw
ay crashes. And inform

ation 
w

as not available on the proper use of 
restraints for m

any of the cases. The 
retrospective data m

eans that several 
potential confounders w

ere not 
available for m

any cases.  

(M
iller et al., 2002) 

Cohort study using a 
crash surveillance 
system

 and 
controlling for crash 
severity using paired 
regression. 

III-2 
U

SA 
Cases w

ere draw
n from

 the N
ational 

Autom
otive Sam

pling System
 (N

ASS) 
Crashw

orthiness Data System
 (CDS) 

from
 1993-1999. Additionally, Fatal 

Analysis Reporting System
 (FARS) data 

from
 the period 1988-1999 w

as also 
pooled. Logistic regressions w

ere used 
to determ

ine the probability of fatal 
injury for children based on age group 
(groups w

ere divided into 4-7 year olds, 
and 8-13 year olds).  

M
axim

um
 Abbreviated 

Injury Scores (M
AIS) 

and victim
 injury costs 

Children aged 4-7years have a low
er probability of AIS 2-6 

injury (O
R 0.66, p=0.12) than children aged 8-13 years 

suggesting they m
ay fare m

arginally better in both rear and 
front seating positions. Paired logistic tests do not support 
the idea that a lap belted 8-13 year old is less likely to be 
killed or seriously injured than a sim

ilarly restrained 4-7 
year old. This analysis im

plies that older occupants (i.e. 8-
13 year olds) are still injured due to poorly fitting lap-sash 
belts. 

U
se of paired logistic regression 

reduces the pow
er of the study in 

com
parison to an entire population 

regression analysis.  

(M
iller et al., 2006) 

Cost-outcom
e 

analysis using 
existing estim

ates of 
the probability of 
injury and 
effectiveness of 
booster seats. 

III-3 
U

SA 
U

sed data from
 other studies (Durbin 

2003) to provide estim
ates of severe 

injury incidence, probability of injury 
and costs of injury. Also assessed risk 
reduction offered by booster seats, 
population estim

ates and the cost of 
booster seats (averaging for backless 
and high back seats). 

Cost of treating 
serious injuries. 

Each booster seat w
as estim

ated to avert $484 each year in 
injury costs. Benefit cost ratio of 9.4:1 and the booster seat 
law

s offered return on investm
ent of 8.6:1. Findings 

accounted for quality of life m
easures.  

N
ot prim

ary research - Lim
itations 

w
ith using data from

 other studies - 
and only 1 w

as available on 
effectiveness of the booster seats. 
Som

e data and cost estim
ates w

ere 
old, and m

ultiple assum
ptions m

ade.  

(Reed et al., 2013)   
Laboratory test of 
belt fit w

ith child 
volunteers 

IV 
U

SA 
Forty children aged 5-12 in a laboratory 
study to exam

ine belt fit w
ith and 

w
ithout booster seats (backless and 

high back) to exam
ine lap and shoulder 

belt fit. A m
ock-up of a vehicle rear seat 

in a laboratory w
as established to test a 

variety of back angles, cushion angles, 
and cushion lengths of booster seats, 
w

ith and w
ithout backs. 

Lap and shoulder belt 
fit. 

 Shoulder belt fit w
as im

pacted by the child's posture, e.g. 
leaning to the left or right. Lap belt fit w

as significantly 
affected by child size, and there w

as no interaction effect 
w

ith booster type or even no booster. Cushion angle did 
not im

pact lap belt score. There w
ere indications of a 

reduction in slum
ping by the child in a booster seat, w

hich 
alone im

proves belt fit. Findings suggests that m
any 

children using current-production boosters are still 
obtaining relatively poor lap belt fit. 

O
nly static scenarios w

ere tested, and 
it w

as lim
ited to a laboratory setting. 

Results don't reveal how
 the booster 

im
pacts injury. 

(Rice et al., 2009) 
M

atched cohort 
study - using fatality 
database 

III-2 
U

SA 
Fatality data for 1996-2006 for children 
aged 4-8 years. Data for 6851 children 
in 5503 vehicles, 2193 of the injuries 
w

ere fatal. 

Fatal injury. 
Proportion of children using a booster seat declined w

ith 
age. Estim

ated fatality risk ratios for booster seat use w
ere 

0.33 for children aged 4–5 years and 0.45 for children aged 
6–8 years (p<0.005), and for seat belt use w

ere sim
ilar for 

the tw
o age groups, 0.37 and 0.39 respectively (p=0.61).  

Study assum
ed that children in the 4-8 

age group in child restraints w
ere 

using a booster seat, w
hile som

e m
ay 

have been in child restraints.  Data did 
not allow

 for com
parative 
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Reference 
Study type 

Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

Booster seat RR w
as low

est for m
iddle-seat positions and in 

roll-over situations.  Seat belts w
ere found to be 

significantly protective (non-use RR=2.6), as w
ere booster 

seats - but there w
as no significant advantage of using 

booster seats. 

effectiveness of types of restraints.  
O

nly exam
ined effect on reducing 

fatalities - not other injuries or 
severity of other injuries. Booster 
seats m

ay reduce injuries to the 
abdom

en but not head - i.e. seat belts 
even if poorly fitted w

ill prevent being 
throw

n from
 the car. 

(W
inston et al., 2000) 

Retrospective review
 

of data from
 crash 

surveillance system
 

+ interview
 

III-2 
U

SA 
Sentinel surveillance from

 insurance 
claim

s in 15 states in the U
SA, follow

-up 
telephone interview

 w
ith parents.  

Autom
ated sam

pling process to select 
participants. 

Crashes requiring 
m

edical treatm
ent to 

child occupants 0-15 
years. 

11,123 cases for a one year surveillance period w
ere 

included, 8334 interview
s com

pleted. Young children in 
adult seat belts w

ere 3.5 tim
es m

ore likely to incur a 
significant injury and 4.2 tim

es m
ore likely to incur a head 

injury than those in a child restraint.  The risk of significant 
injury w

as greater for children aged 2-3 than those aged 3-
5 years if w

earing an adult seat belt com
pared to a 

dedicated child restraint.  Recom
m

end that stay in CR until 
at least 4 years and 18 kg. 

Real-w
orld study, and as result a 

certain level of m
isuse of restraints 

could not be controlled for.   Also, 
restraint use w

as self-reported during 
the interview

 after the crash.  

 6.1.3 
Booster seats 

 Recom
m

endation 1.10 
Children should not use boosters w

ith just a lap-only seat belt. 

O
verall Evidence Grade 

B 
 Table 9: Evidence statem

ents supporting recom
m

endation 1.10 
Evidence statem

ents 
1. 

Boosters should be used w
ith lap-sash seat belts. Lap-only seat belts allow

 upper torso excursion and can increase the risk of 
head contacts that can cause injury 

2. 
Child safety harnesses offer no additional protection over lap-sash seat belts w

hen used w
ith boosters in frontal crashes, and 

can encourage subm
arining w

hich is associated w
ith abdom

inal and lum
bar spine injuries 

(see corresponding references) 
G

rade 
B 

Com
ponent 

Rating 
N

otes 
Evidence base 

 Good  
Tw

o field studies and tw
o laboratory studies provide evidence of the increased injury risk associated w

ith using only 
lap belts w

ith booster seats. Child safety harnesses w
ith booster seats offer no additional protection in frontal crashes, 

and can encourage subm
arining w

hich is associated w
ith abdom

inal injuries (Suratno et al., 2009a; Brow
n et al., 

2010c). 
Consistency 

Excellent 
Four studies, as noted above, support the use of lap-sash belts w

ith booster seats w
here possible.  
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Public Health Im
pact 

Excellent 
O

f the tw
o studies that provided odds ratios, both reported close to a 60%

 reduction in serious injuries associated 
w

ith lap-sash seat belts as opposed to lap-only seat belts used in conjunction w
ith booster seats. 

Generalisability 
Good 

Tw
o U

SA field studies draw
ing on very large real-w

orld sam
ples and tw

o Australian studies provide a good level of 
generalisability for these research findings. 

Applicability 
Good 

W
hile the U

SA studies m
ay include a large num

ber of events in booster cushions, no longer being sold in Australia, 
they are still w

idely used here. The Australian lab studies exam
ined the perform

ance of 17 high back booster seats 
but w

ith only one dum
m

y size and a replication of events of a sm
all sam

ple of real-w
orld cases of injuries sustained 

in crashes on high back booster seats, m
aking these findings applicable to the current Australian context. 

O
ther factors 

 
There is lim

ited field data on child safety harness-associated injuries and lap-only belt injuries. 
References 

 
1. 

(Durbin et al., 2003; Brow
n and Bilston, 2006b, 2009; Kirley et al., 2009)  

2. 
(Suratno et al., 2009a; Brow

n et al., 2010c) 
 A m

ix of laboratory and field studies, albeit only four studies in total, provide a satisfactory level of confidence in the statem
ent that booster seats w

ith lap-sash seat 
belts are safer than lap-only seat belts (w

ith or w
ithout a booster). As Brow

n et al (Brow
n and Bilston, 2009) note from

 their laboratory testing of high back booster 
seats, booster seats enhance safety w

hen they m
aintain a good dynam

ic seat belt position during a crash, so that the seat belt can operate as designed (Brow
n and 

Bilston, 2006b). The evidence suggests that w
hen the seat belt is a lap-sash seat belt, the deceleration force im

m
ediately after the crash is spread over a larger body 

area reducing injuries to the abdom
en, neck/spine/back com

pared to a lap-only seat belt.  
 Child safety harnesses (type C restraints) (see recom

m
endation 3.2 below

) provide no benefit over a lap-sash seat belt w
hen used w

ith a booster seat (Suratno et 
al., 2009a; Brow

n et al., 2010c) and are w
idely m

isused in the field (Brow
n et al., 2010b) w

hich further degrades their perform
ance and increases the likelihood of 

abdom
inal and spinal injuries associated w

ith ‘subm
arining’  (Brow

n et al., 2010c). 
 Table 10: Sum

m
ary of articles providing evidence for recom

m
endation 1.10 

Reference 
Study type 

Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

(Brow
n and 

Bilston, 2006b) 
Laboratory 
testing  - based 
on real-w

orld 
crashes 

III-2 
Australia 

Case 
series 

of 
19 

children 
aged 

2-8 
years 

presenting to hospital after being in a M
VC. All 

children had been using a high back booster. 
Am

bulance and hospital notes together w
ith 

interview
s w

ith the driver. Restraint type, im
pact 

severity, 
seating 

position. 
In-depth 

crash 
investigation.  Suboptim

al and optim
al restraint 

use w
as determ

ined. Five crash sim
ulations w

ere 
conducted, 1x 6 year old dum

m
y and 4 w

ith a 3 
year old dum

m
y. Forces m

easured and high-
speed cam

era used for visual data. 

Head accelerations, 
neck load and 
m

om
ents. 

O
nly 7 (37%

) of the 19 children w
ere optim

ally using 
booster seats.  Findings suggest that incorrect use of 
high back booster seats could lead to increases in injury 
risk. For children 

big enough 
to 

be appropriately 
restrained in a HBB seat there w

ere no serious injuries 
in this sam

ple. 
 

Further testing in a m
ore representative 

population-based 
study 

is 
recom

m
ended. 

Sam
ple size w

as sm
all and crash types, child 

sizes 
and 

booster 
use 

w
ere 

all 
varied. 

Sim
ulations w

ere not direct reconstructions 
of the real-w

orld crashes but "typical" of 
those observed in the field. There w

as sub-
optim

al level of confidence in the sim
ulated 

crash 
data 

particularly 
regarding 

crash 
severity. 

(Brow
n et al., 

2010c)  
Laboratory 
testing 

- 
sim

ulated front-
im

pact, 
instrum

ented 
dum

m
ies 

and 

III-2 
Australia 

Laboratory sim
ulated frontal crash using a 6 y-o 

dum
m

y and 3 different restraint system
s: correct 

and incorrect harness use and a lap-sash belt - 
using tw

o different kinds of booster seats. 

Dum
m

y m
otion, belt 

loads, neck forces and 
m

om
ents, head and 

knee 
m

om
ents. 

Subm
arining 

as 
determ

ined visually. 

Results suggested that correctly used harness did not 
perform

 any better than the lap-sash belt - either on its 
ow

n or w
ith tw

o com
m

on types of booster seats.  
Incorrect use of the harness - causing the lap belt to be 
high and positioned over the abdom

en, allow
ed for 

subm
arining to occur. Subm

arining did not occur w
hen 

Som
e lim

itations in the use of dum
m

y head 
and neck responses to sim

ulate real crash 
scenarios - biofidelity of the dum

m
ies is 

unknow
n. O

nly one m
odel of harness w

as 
tested, and tw

o booster seat types - other 
com

binations m
ay results in som

e different 
outcom

es. 
Real 

postures 
of 

children 
are 
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Reference 
Study type 

Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

high-speed 
cam

eras 
the booster w

as used and the lap belt kept low
 on either 

restraint tested. 
difficult to sim

ulate in dum
m

ies. Subm
arining 

w
as determ

ined visually w
hich m

ay be open 
to a level of subjectivity. 

(Durbin et al., 
2003) 

Cross-sectional 
study 

III-2 
U

SA 
Review

 of insurance claim
s of children 4-7 years 

seated in the front and rear seat in M
VC - data 

from
 15 states for 3.5 year period + interview

 w
ith 

parents selected via a stratified cluster sam
ple.  

Interview
s w

ere conducted on 4243. In-depth 
crash investigation w

as conducted w
here child 

w
as killed or seriously injured. Paired inform

ation 
(2 children in sam

e vehicle) w
as available for 170 

pairs to exam
ine seating position.  

Cases w
ere identified 

via insurance report 
and w

here child w
as 

m
edically treated for 

an injury.  O
utcom

e 
of 

interest 
from

 
survey 

w
as 

parent 
report 

of 
clinically 

significant injuries. 

After adjusting for age and sex of child, seating position, 
driver age, crash severity, and vehicle characteristics, 
the odds of injury for children aged 4-7 years w

ere 59%
 

low
er (95%

 CI = 0.2 to 0.86), in belt positioning booster 
seats than adult seat belts. Children in booster seats 
had no injuries to the abdom

en, neck/spine/back, or 
low

er extrem
ities, w

hile children in seat belts alone had 
injuries to all body regions. Booster seat use declined 
w

ith age.  There w
as no injury effect observed in 

association w
ith airbags.  

First real-w
orld evidence that booster seats 

are associated w
ith significantly reduced risk 

of injury. 

(Kirley et al., 
2009) 

Data 
review

 
from

 2 sources: 
national 
surveillance 
system

 - police 
attended 
crashes as w

ell 
as 

insurance 
com

pany 
database 

III-2 
U

SA 
All available crashes from

 1997-2006 for children 
aged 3-7 years not in front seats (614 cases draw

n 
random

ly and detailed vehicle inspection and 
interview

 
w

ere 
conducted). 

Three 
restraints 

types classified as lap-only, booster seat and lap 
and booster w

ith lap and shoulder belt. Incorrect 
use, w

here know
n or no restraint at all w

ere 
excluded. Restraint use and injuries determ

ined 
from

 telephone surveys on the latter database by 
a cluster random

ised sam
ple and on the police 

report on the form
er. 

Injury 
location 

and 
severity 

- 
m

axim
um

 
abbreviated 

injury 
score (M

AIS >2). 

Results from
 both datasets suggest that booster seats 

w
ith lap-sash belts show

ed the low
est injury rates 

com
pared w

ith children restrained by lap belts only 
(O

R: 0.43; 95%
 CI: 0.23, 0.83). N

one of the differences 
betw

een restraint types and injury w
as significant on 

one 
dataset 

(police 
attended) 

but 
the 

difference 
betw

een booster and lap-belt only w
as significant for 

the insurance claim
s database. O

verall conclusion that 
booster w

ith both shoulder and lap belt is the safest 
choice, w

ith the use of lap-only belts (w
ith or w

ithout a 
booster) w

as the least safe. 

Booster seats included shield booster seats. 
A high error rate in reporting of restraint 
type. Self-reported data for restraint use, 
injury type and severity - not possible to 
determ

ine correct use over the telephone. 
Low

 num
ber of children in booster seats w

ith 
lap belt only. 

(Suratno et al., 
2009a)  

Laboratory 
testing 

- 
sim

ulated front-
im

pact, 
instrum

ented 
dum

m
ies 

and 
high-speed 
cam

eras 

III-2 
Australia 

Tw
elve 

front 
im

pact 
crashes 

w
ere 

sim
ulated 

using a 6 year old dum
m

y - three different 
restraint types (seat belt, booster seat and safety 
harness) and the use and incorrect use and non-
use of a harness. 

Sensors 
to 

detect 
head, chest and pelvis 
acceleration, 

upper 
neck 

forces 
and 

m
om

ents, and chest 
deflection. 

 
Dum

m
y 

m
otion w

as captured 
w

ith 
high-speed 

cam
era. 

Results indicated that in frontal im
pact at least, child 

safety harness system
s provide no better protection 

than lap-sash seat belt system
s, either w

ith a booster 
seat or alone. The m

ain danger is "subm
arining".  

M
isuse of harnesses is com

m
on and associated w

ith 
serious degradation of the protective effect. 

Testing w
as lim

ited to frontal im
pacts and did 

not test for the risk of subm
arining w

ith 
different speeds at im

pact.  N
o evidence to 

support their use particularly in conjunction 
w

ith lap-sashes and that if too tight - they can 
result in excessive head excursion.  

(Brow
n et al., 

2009) 
Laboratory 
testing  - using 
crash 

sled, 
instrum

ented 
dum

m
ies 

and 
high-speed 
cam

eras 

III-2 
Australia 

17 different high-back booster seats w
ere tested 

each w
ith one frontal crash. The dum

m
y (m

ass of 
32kg – w

hich is exceeded the upper lim
its for 

Australian Standards for booster seats – selected 
to represented the w

orst-case scenario) w
as 

instrum
ented and high-speed cam

eras w
ere also 

used. 

U
pw

ard 
m

otion 
of 

the lap belt. Dum
m

y 
response in term

s of 
head excursion, head 
and 

neck 
accelerations. 

Variations in results for the different booster seats w
ere 

prim
arily linked w

ith the ability of the seat to m
aintain 

a good dynam
ic seat belt fit. O

nly three out of the 17 
devices adequately m

aintained a good belt fit during 
frontal testing. The location of the sash belt on the 
dum

m
ies shoulder pre-im

pact did appear to have an 
influence on the dynam

ic sash fit. 

Real-w
orld positioning of belts m

ay vary from
 

the dum
m

ies in lab tests. O
nly one dum

m
y 

size tested (97%
 upper %

lie), m
ay need to 

test it on sm
aller dum

m
ies. Testing only done 

on frontal im
pact.  

  Recom
m

endation 1.11 
High back booster seats are preferred rather than booster cushions. 

O
verall Evidence Grade 

B 
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Table 11:  Evidence statem
ent supporting recom

m
endation 1.11 

Evidence statem
ent 

Booster seats w
ith high backs and side w

ings offer greater side im
pact protection and postural support to keep seat belt in correct 

position than booster cushions. 
G

rade 
B 

Com
ponent 

Rating 
N

otes 
Evidence base 

Satisfactory 
Tw

o Australian laboratory studies (level III-2) m
easuring head and neck accelerations in sim

ulated crashes and one 
U

SA lab study assessing seat belt fit only (level III-3) provide evidence of the potential value of HBB in the event of 
side im

pact crashes. O
ne study indicated that in U

S boosters, seat belt fit can be better in som
e low

 back boosters 
(Reed et al., 2009).   

Consistency 
Satisfactory 

Australian studies are consistent. O
ne U

SA field study (Arbogast et al., 2009b) found no difference betw
een HBB and 

LBB (but see below
 for lim

ited applicability of this study for side im
pact). O

ne study indicated that in U
S boosters, 

seat belt fit can be better in som
e low

 back boosters (Reed et al., 2009).  
Public Health Im

pact 
U

nknow
n 

Data identifying the size of the benefit of HBB in the real-w
orld is not yet available.  

Generalisability 
Good 

Evidence includes tw
o lab studies sim

ulating crashes, one lab study m
easuring seat belt fit only, and one field study 

conducted in the U
SA. The generalisability of the studies to date is thus partially acceptable. 

Applicability 
Good 

Australian studies are directly applicable. U
S booster seats often do not have the side im

pact protection features 
required under AS/N

ZS 1754thus that field study cannot be readily generalised to the Australian context. There are 
som

e lim
itations w

ith the laboratory studies as dum
m

ies represent a single child size.  
O

ther factors 
 

 
References 

 
(Kelly et al., 1995b; Brow

n and Bilston, 2006b; Arbogast et al., 2009a; Reed et al., 2009; Bohm
an et al., 2011; Form

an 
et al., 2011; Stockm

an et al., 2013a; Holtz et al., 2016)  
 Currently there is only scant evidence on the com

parative real w
orld protection offered by high back booster seats com

pared to booster cushions. O
verseas studies 

w
hich include high back booster seats are lim

ited to boosters w
hich do not have to m

eet side the im
pact requirem

ents of Australian legislation so m
ay not provide 

head protection that Australian restraints provide. Low
 back boosters offer no side im

pact protection or postural support to keep the seat belt in the correct position. 
For these reasons, they w

ere rem
oved from

 the m
andatory Australian Standard, AS/N

ZS 1754, in the 2010 edition, and new
 booster seat designs are required to 

have a high back, head protection and postural support.  N
aturalistic driving studies have dem

onstrated better lateral postural support and belt positioning from
 

high back boosters com
pared to booster cushions (Bohm

an et al., 2011; Form
an et al., 2011; Stockm

an et al., 2013b). There are som
e booster cushions still in use 

in Australia, and local and international evidence indicates that they m
ay offer benefits over the seat belt alone, but evidence is m

ixed (see above). Further research 
is required to establish the im

pact of these devices on child m
ortality and m

orbidity. Type E booster seats accom
m

odate 95%
 of children up to 7 years of age and 

Type F booster seats accom
m

odate up to 95%
 of children up to 10 years of age, based on ergonom

ic data from
 U

SA studies in the 1970s (Snyder et al., 1975; Snyder 
et al., 1977). U

p to date Australian ergonom
ic data is not available. Children are heavier and slightly taller than in 1970s (Klinich et al., 1994; Bilston and Sagar, 2007; 

Fitzharris et al., 2008), and particular ethnic groups can be outside these m
ean sizes at specific ages (e.g. pacific islanders). 
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Table 12: Sum
m

ary of articles providing evidence for recom
m

endation 1.11 
Reference 

Study type 
Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

(Arbogast et al., 
2009a) 

longitudinal 
cohort study 

III-2 
U

SA 
Review

 of insurance claim
s of children 4-8 years 

seated in the rear seat in M
VC - data from

 16 
states plus DC for 8 year period + interview

 w
ith 

parents selected via a stratified cluster sam
ple.  

Interview
s w

ere conducted on approx. 35000 
children from

 530,000 involved in crashes. 

Level 
of 

m
edical 

treatm
ent follow

ing 
the 

crash: 
no 

treatm
ent, 

physician’s office or 
em

ergency 
departm

ent 
only, 

adm
itted to hospital 

or death). AIS 2 or 
higher. 

1.15%
 of all children aged 4-8 involved in the insurance 

claim
 crashes incurred a serious injury.  The risk of this 

level of injury w
as alm

ost half of that for children in 
booster seats com

pared to those in a seat belt (O
R=0.55, 

CI= 0.32-0.96) Children in side im
pact crashes benefited 

the m
ost from

 booster seats, show
ing a reduction in injury 

risk of 68%
 for near side im

pacts and 82%
 for far-side 

im
pacts. N

ot able to detect a difference in the risk for 
injury betw

een the children in backless versus high-back 
boosters (O

R: 0.84, 95%
 CI: 0.44 –1.61). Head injuries w

ere 
the m

ost com
m

on and abdom
inal injuries w

ere m
ostly 

associated w
ith seat belt use - not boosters.  

Large sam
ple - but lim

ited to one m
ajor 

insurance group - so potentially som
e 

biases in sam
ple selection. Further detail 

provided 
about 

the 
type 

of 
injuries 

incurred. Findings do not suggest type of 
booster seat significantly alters the risk of 
injury - im

portant findings as backless 
one are cheaper and generally m

ore 
acceptable to older children. 

(Bohm
an et al., 

2011)   
 

N
aturalistic 

driving study 
m

onitoring seat 
belt fit during 
turns 

III-3 
Sw

eden 
16 children, aged 4-12, in booster cushion and 
high back booster w

ith lap sash belt w
ere in a 

professionally driven car on a closed-circuit track, 
Shorter children w

ere com
pared on a booster 

cushion and a high back booster. Taller children 
w

ere com
pared on a booster cushion and w

ithout 
any booster cushion. Short children ranged from

 
107-123cm

 (average 117) and tall children ranged 
from

135-150cm
 (average 144).  Belt positioning 

w
as observed during tw

o turns in each restraint 
type. Data from

 54 trials w
ere used.  

 

Child kinem
atics and 

seat belt in relation 
to the child's 
shoulder - - close to 
neck, m

id shoulder 
or off shoulder, and 
belt slip during turn 
m

anoeuvre (off the 
shoulder) 

For shorter children, w
hen in a booster cushion the 

shoulder belt tended to slip off the shoulder in 2/3 of the 
turns - but rem

ained on w
hen in the high-back booster - 

although the shoulder belt did m
ove tow

ards the edge of 
the shoulder in half of the trials. The initial belt position 
tended to be closer to the neck in children using booster 
cushion com

pared to high back booster. In the taller 
children, there w

as no shoulder belt slip off and the 
shoulder belt m

ovem
ent w

as not appreciably different 
depending upon the restraint type. W

ith no booster, the 
initial shoulder belt position w

as closer to the child's 
neck. W

ith a booster cushion, taller children tended to 
have shoulder belts m

ove tow
ards the edge of the 

shoulder during the turn. 

Child size variations m
eant not all 

children w
ere tested in all restraint 

conditions and only one of each kind of 
restraint w

as tested. Lim
itations of a trial 

included children not necessarily being 
in a natural relaxed posture.  N

o test of 
significance for any observed 
differences. 
 

(Brow
n and Bilston, 

2006b) 
Laboratory 
testing - based 
on 

real-w
orld 

crashes 

III-2 
Australia 

Case 
series 

of 
19 

children 
aged 

2-8 
years 

presenting to hospital after being in a M
VC. All 

children in this sam
ple had been using a high back 

booster. M
edical notes and interview

s w
ith the 

driver provided data on restraint type, im
pact 

severity, 
seating 

position. 
In-depth 

crash 
investigation.  Suboptim

al and optim
al restraint 

use w
as determ

ined. Five crash sim
ulations w

ere 
conducted, 1x 6 year old dum

m
y and 4 X 3 year old 

dum
m

y. H
igh speed cam

era for visual data. 

Forces 
m

easured 
and 

head 
accelerations, 

neck 
load and m

om
ents. 

O
nly 7(37%

) of the 19 children w
ere optim

ally using 
booster seats.  Findings suggest that incorrect use of high 
back booster seats could lead to increases in injury risk. For 
children big enough to be appropriately restrained in a 
HBB seat there w

ere no serious injuries in this sam
ple. 

Further testing in a m
ore representative 

population-based 
study 

is 
recom

m
ended. Sam

ple size w
as sm

all 
and crash types, child sizes and booster 
use w

ere all varied. Sim
ulations w

ere not 
direct reconstructions of the real-w

orld 
crashes but "typical" of those observed in 
the field. There w

as sub-optim
al level of 

confidence in the sim
ulated crash data 

particularly regarding crash severity. 
(Bilston and Sagar, 
2007) 

Seat &
, seat belt 

geom
etry 

m
easurem

ents 
and 

child 
anthropom

etric 
data  

IV 
Australia 

51 vehicle right rear outboard seating positions 
w

ere 
m

easured 
from

 
a 

range 
of 

late 
m

odel 
(2005/6) vehicles. 

Anthropom
etric 

m
easures: 

seated 
shoulder 

height, 
seated 

eye 
height, 

shoulder 
breadth; 

m
easurem

ents 
of 

rear seat geom
etry - 

cushion 
depth, 

angles 
etc. 

for 
com

m
on 

vehicles 
m

odels 
on 

the 
Au 

m
arket. 

Findings suggested that for the shortest seat cushion, at 
50th percentile a child does not have adequate length for 
good seated posture until 11.5 years of age, and in average 
car seat, the average child is 15 before being the right size 
for good posture.  G

ood geom
etric fit is im

portant for its 
influence on graduation from

 one restraint type to another 
and prem

ature graduations is associated w
ith low

er levels 
of protection in crashes. 

Com
parative study of vehicle and 

restraint geom
etry w

ith child 
anthropom

etry from
 published data. 

Assum
ed that U

s child population is 
good representation of Australian child 
population. Australian cars and 
restraints m

easured. 
     

(Form
an et al., 

2011)   
 

N
aturalistic 

observational 
study 

III-2 
Spain 

A naturalistic driving study w
as conducted w

ith 
30 volunteer children aged 7-14 years. The test 
w

as conducted for 75 m
inutes during the night 

w
ith three different restraint types: high back 

booster, low
 back booster, no booster (w

ith 10 
children in each group).  All children w

ore a 

Lateral head 
positions and 
shoulder belt fit 

Poor shoulder belt positioning w
as observed in 78%

 of 
the fram

es exam
ined for the no booster group, 61%

 of 
the low

-back booster group and 17%
 of the high-back 

booster group. The high-back booster group also 
exhibited statistically significantly reduced head 
m

ovem
ent. In all, the high back booster seat, as used by 

G
roup assignm

ent w
as not random

ised 
but based on the child's size. Children 
w

ere assigned a restraint type based on 
their size. Variation in belt fit am

ong the 
test groups w

as not necessarily a 
function of the subject anthropom

etry 
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three-point lap/sash belt. The trips w
ere 

conducted late at night to encourage sleeping by 
the child. The group each child w

as assigned to 
w

as based on their height and w
eight, w

ith 
sm

aller children (under 32 kg) in the high-back 
booster seat, children 32kg or over but less than 
147cm

 w
ere in the low

-back booster group; 
children over 147cm

 (but less than 165cm
) w

ere 
in the no booster seat group. A low

-light video 
cam

era m
ounted on the back of the front 

passenger seat w
as used to record the child's 

head m
ovem

ents and shoulder positions. O
ne 

fram
e every m

inute w
as analysed for each 

subject. 

children aged 7-14 w
ho w

ere under 32kg, offered better 
fit than the other seats for the children over 32kgs. 
  

(in relation to the geom
etry of the seats 

and restraints), but instead w
as a 

function of the voluntary m
otion of the 

children during travel. Because of the 
lateral support provided, the children 
m

oved less w
ith the high-back booster, 

resulting in a m
ore consistently 

appropriate fit of the shoulder belt. The 
study w

as designed to assess com
fort 

and belt fit relevant to each size group. 

(Holtz et al., 2016)   
Review

 of crash 
data, booster 
fitting trial and 
N

um
erical 

sim
ulation 

aim
ed at 

exam
ining 

crash 
protection 
challenges for 
child in light 
w

eight 
electrical 
vehicles 

IV 
G

erm
any 

Crash data analysis of injuries sustained by older 
child occupants in lateral im

pact crashes.  
(a)Crash data w

ere exam
ined for 2005–2014 

relating to children using booster type CRS (high-
back booster and backless boosters), sitting in a 
passenger car that collided w

ith another car, a 
duty vehicle or w

ith an object. (b)M
athem

atical 
m

odelling of geom
etric variations of vehicle types 

and CRS interactions. M
odels tested different 

pulse and intrusion levels. Q
6 and Q

10 dum
m

ies 
w

ere used to investigate the protection of older 
child occupants in lightw

eight vehicles. The 
sim

ulation data w
as analysed by assessing the 

dum
m

y injury m
etrics against the criteria set by 

Euro N
CAP. 

 

G
eom

etrical 
interference 
betw

een the CRS 
and the car, such as 
the reduction of CRS 
height adjustability 
caused by contact 
betw

een the CRS 
and the car body. 
Resultant outcom

e 
w

as calculated 
injury risk for 
children using 
booster seats in a 
passenger car in any 
kind of accident 

Exam
ination of crash data lim

ited to presentation of 
injury outcom

es of children using boosters in different 
types of vehicles. From

 fitting trials percent of cars w
ithin 

each vehicle type observed to have geom
etrical issues 

w
ere presented. Sim

ulation results indicated that use of a 
high-back booster gave the best protection for both the 
Q

6 and the Q
10 dum

m
ies w

hen rated against the Euro 
N

CAP protocol criteria w
here an airbag w

as 
approxim

ated.  A higher injury risk in side im
pacts in 

sm
all cars w

as not found in the data-analysis. Results 
suggest that a CRS w

ith backrest for Q
6 and Q

10 dum
m

y 
is used to contain the dum

m
y and, in particular, the head. 

G
eom

etrical interference betw
een the 

CRS and the car, such as the reduction of 
CRS height adjustability caused by 
contact betw

een the CRS and the car 
body. Resultant outcom

e w
as calculated 

injury risk for children using booster 
seats in a passenger car in any kind of 
accident   N

o com
parison m

ade to non-
side-airbag scenario. Airbag w

as 
approxim

ated by padding, not an actual 
airbag 
 

(Kelly et al., 1995b) 
Laboratory 
testing 

- 
crash 

sled 

III-2 
Australia 

Three sled testing program
s and a review

 of six 
real-w

orld crashes. FFCRs in upright position w
ere 

tested, using an instrum
ented 6 m

onth dum
m

y 
and a high-speed cam

era. 

Lateral 
head 

m
ovem

ent 
and 

crash 
energy 

m
anagem

ent 
w

as 
assessed using head 
injury criteria.  

Results show
 scope for reduction of lateral m

ovem
ent in 

side 
im

pact 
crashes 

for 
restraint 

anchorage 
system

s 
available at that tim

e. There w
as considerable difference 

in perform
ance of boosters w

ith side w
ings.  Backless 

boosters offered no protection in term
s of lateral head 

m
ovem

ent and connection w
ith the car door. Som

e 
indications that a rigid CAN

FIX attachm
ent can offer 

greater safety perform
ance. 

Further 
research 

into 
proper 

containm
ent 

of 
the 

child's 
head 

in 
sidew

ays 
im

pact 
w

as 
needed (at 

the 
tim

e). 

(Klinich et al., 1994) 
Anthropom

etric 
study 

III-3 
U

SA 
Com

parative study of child anthropom
etry and 

belt 
fit 

for 
155 

children 
aged 

7-12 
years. 

Anthropom
etric analysis of sam

ple of children 
(volunteers) in 4 different types of booster seats 
and no booster seat. 

Height, 
w

eight, 
sitting 

height 
and 

belt fit using booster 
seats 

– 
contact 

points w
ith various 

body 
parts 

(face, 
neck shoulder etc). 

Key finding: Booster seats im
prove belt fit and posture. 

The m
inim

um
 size child for using lap-sash belts alone is a 

sitting height of 74 cm
, standing height of 148 cm

, and a 
w

eight of 37 kg.  Com
paring the anthropom

etric data w
ith 

earlier studies, authors noted that children for a given 
height w

ere heavier than 20 years earlier (1970s). 

Study is now
 dated as w

as based in the U
S 

– so som
e lim

itations to generalisability 
to 

current 
Australian 

children 
and 

booster 
seats. 

Participants 
w

ere 
volunteers. 

(Reed et al., 2009) 
Laboratory 
testing 

of 
belt 

positions 

III-3 
U

SA 
31 booster seats w

ere tested in 41 m
odes - 

backless, high back and ones w
hich can be either. 

Hybrid III - 6 year old dum
m

y. M
anufacturer’s 

instructions w
ere follow

ed. 

Scores for belt fit/ 
position by 2 trained 
investigators. 

 
N

o 
sim

ulation of crash 
conditions 

- 
just 

assessm
ent of how

 
w

ell positioned the 
seat belt is follow

ing 
m

anufacturer’s 
instructions. 

Results suggest a large proportion of children 4-8 years of 
age w

ould experience poor shoulder belt fit. Backless 
booster seat belt fit is m

ore dependent upon the cars' seat 
belt configuration. Certain booster designs are better for 
ensuring a good shoulder belt fit. 

 

(Stockm
an et al., 

2013a)   
Driving study 
on a test track 

III-3 
Sw

eden 
Four anthropom

etric test dum
m

ies (ATDs), 
Hybrid III, Q

6 and Q
10 w

ere positioned in the rear 
Kinem

atics - Lateral 
m

otion of the 
The focus of the findings w

as on the representativeness 
of the ATDs to children of the corresponding age. 

Better belt fit and less m
ovem

ent of 
child during car m

anoeuvring associated 
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w

ith ATDs 
corresponding 
to ages 6 and 
10 year olds. 

seat and subject to 16 sidew
ays m

anoeuvers. The 
tw

o 6YO
 dum

m
ies w

ere tested w
ith a booster 

cushion and high-back booster seat. The 10 year 
old dum

m
y w

as tested w
ith a booster cushion 

and then just a 3-point seat belt. The 
m

easurem
ents w

ere com
pared to a previous 

study using child volunteers of corresponding 
age/size. Video and vehicle data w

ere analysed. 

forehead and upper 
sternum

, and 
shoulder belt 
m

ovem
ent on 

shoulder and torso 
tilting angle. 
 

How
ever, som

e findings indicated better belt retention 
(and resultant 34%

 less m
ovem

ent of the dum
m

y during 
m

anoeuvring of the vehicle) w
ith high back boosters, and 

31%
 less in the low

-back boosters com
pared to no 

booster (and 3-point seat belt alone). 
 

w
ith booster seats, notably high back 

booster seats. 

  6.1.4 
Adult seat belts 

 For children w
ho have outgrow

n booster seats, an adult seat belt is the m
ost appropriate form

 of restraint. This includes m
ost children aged 12 years and older. 

 Consensus Based 
Recom

m
endation 1.12 

The “5 step test” should be used to determ
ine w

hether a child is big enough to obtain optim
al protection from

 an adult 
seat belt in a particular vehicle. 

  This consensus-based recom
m

endation is based on expert opinion, taking into account the follow
ing considerations.  The “5 step test” encapsulates the geom

etric 
conditions described above in section 1 for ascertaining if a child is tall enough to obtain good seat belt fit w

ithout use of a booster seat, by assessing (1) w
hether a 

child can sit w
ith their back against the seat back, (2) w

ith their knees bent com
fortable over the front edge of the seat cushion, (3) w

ith the shoulder belt across 
the m

id-shoulder, (4) the lap belt low
 across the top of the thighs, and (5) can stay in this position for the duration of a trip. The “5 step test” has not been form

ally 
evaluated, but is w

idely used in practice w
orldw

ide to assess w
hether a child is tall enough to achieve and m

aintain good adult seat belt fit. The com
plexity of 

rem
em

bering the 5 steps and im
plem

enting them
, m

ay act as a barrier to the correct use of this m
ethod. W

hile this has not yet been exam
ined, suitable 

com
m

unication strategies w
ill be considered during the developm

ent of the guideline consum
er docum

ents. This fit w
ill likely vary from

 vehicle to vehicle so that a 
child w

ho fits w
ell in an adult belt in one vehicle m

ay still require a booster seat in another vehicle due to differences in vehicle design. W
here available, adjustable 

upper anchorages (D-rings) m
ay be used to assist w

ith achieving good sash belt fit. As noted in Section 6.1.3 above, a m
inim

um
 standing height (typically in the range 

of 145-150cm
, although 135cm

 is used in som
e locations in Europe) is som

etim
es recom

m
ended as a transition point to adult seat belts, rather than the m

ore 
com

prehensive “5 step test” recom
m

ended here, and the suitability of standing height as a transition m
arker for adult seat belt fit w

as a topic of debate, particularly 
am

ong input from
 the project steering com

m
ittee, largely due to the relative sim

plicity of com
m

unicating a specific standing height as a transition com
pared to the 

“5 step test”. How
ever, the evidence base for a specific standing height as the safe transition point is lim

ited. There is considerable variation in rear seat and seat 
belt geom

etry in passenger vehicles (Bilston and Sagar, 2007) and in the proportions of leg and torso size in children of sim
ilar standing height (Bilston and Sagar, 

2007), and thus standing height is not considered to be a good m
etric for assessing suitability of seat belt fit for a specific child in a particular vehicle. M

oreover, the 
use of a specific standing height as a m

inim
um

 requirem
ent for adult seat belt use can create confusion for parents and carers, because there rem

ains a gap in 
restraint availability for children w

ho have outgrow
n currently available booster seats (Type E, Type F in As/N

ZS 1754) but still cannot achieve good seat belt fit in 
som

e or all vehicles. Specifically, Type E and Type F booster seats are not required to (and do not) accom
m

odate all children up to the com
m

only quoted standing 
height of 145-150cm

 for transition to adult seat belt use, m
aking this an unsuitable m

etric for transition. Finally, there is som
e evidence that parents and carers 
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often do not accurately know
 their child’s height and/or w

eight, but do know
 their age (Bilston et al., 2008), so a statem

ent of expectation that good seat belt fit is 
unlikely to be achieved before the age range of 10-12 years (Bilston and Sagar, 2007) is included to set reasonable expectations for the m

inim
um

 age that a child 
can achieve good adult seat belt fit, and a tim

e at w
hich the “5 step test” can reasonably be used to test for good seat belt fit. Further research is required on how

 
best to com

m
unicate good seat belt fit requirem

ents for the transition to adult seat belts, including the “5 step test”, and form
al evaluation of the “5 step test” is 

required. 
 Recom

m
endation 1.13 

Children in seat belts should use lap-sash seat belts rather than lap-only seat belts w
henever possible.  

O
verall Evidence Grade 

A 
 Table 13: Evidence statem

ents supporting recom
m

endation 1.13 
Evidence statem

ent 
Lap-only belts allow

 excessive torso flexion, and are associated w
ith ‘seat belt syndrom

e’ injuries, including abdom
inal and lum

bar 
spine injuries  

G
rade 

A 

Com
ponent 

Rating 
N

otes 
Evidence base 

Good 
A total of nine studies including field studies supported by laboratory studies identify the added risk of head injuries, 
abdom

inal injuries and fractures of the lum
bar spine w

ith the use of lap-only seat belts. 
Consistency 

Excellent 
All studies show

 sim
ilar findings. 

Public Health Im
pact 

Excellent 
O

nly tw
o studies had large enough sam

ple sizes to quantify the public health im
pact – but these reported a doubling 

of the serious injury risk associated w
ith lap-only seat belts com

pared to lap-sash seat belts. 
Generalisability 

Good 
Study sam

ples have been reasonably representative of the w
hole population, and specific sub-populations not 

represented in existing data are not know
n to have features that w

ould affect their risk of injury in these 
circum

stances, so the findings available are generalisable. 
Applicability 

Excellent 
Lap and lap-sash seat belt designs are sim

ilar in vehicles internationally, so the available studies (Australian and 
international) are applicable to current vehicles and children in Australia. Lap-only seat belts are becom

ing less 
com

m
on in centre rear positions in vehicles as their reduced protection is w

ell established. 
O

ther factors 
 

 
References 

 
(Anderson et al., 1991; Henderson, 1994; Lane, 1994; Henderson et al., 1997; Gotschall et al., 1998b; Lapner et al., 
2001; Levitt, 2005; Ghati et al., 2009; Kirley et al., 2009) 

 Lap-only seat belts are not recom
m

ended for use by children of any age, unless there is no available seating position w
ith a lap-sash seat belt.  Lap-only seat belts 

provide inferior protection to lap-sash seat belts, and are associated w
ith an increased risk of abdom

inal, lum
bar spine and head injuries. There is strong evidence 

that lap-only seat belts in children are associated w
ith increased risk of SBS injuries, w

hich are the result of excessive loads on the abdom
en, and excessive head 
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excursion resulting in head injury. The evidence from
 seven field studies (including tw

o from
 Australia) w

ith further support from
 tw

o laboratory studies provide 
excellent evidence to support the recom

m
endation that lap-sash seat belts should alw

ays be used in preference to lap-only seat belts.  
 Table 14: Sum

m
ary of articles providing evidence for recom

m
endation 1.13 

Reference 
Study type 

Level 
of 

Evidence 
Country 

M
ethods 

O
utcom

es 
Findings  

Com
m

ents 

(Anderson et al., 1991) 
Data review

 – 
traum

a centre 
III-2 

U
SA 

Retrospective analysis of 303 m
otor vehicle 

occupants (adults + children) at one regional 
traum

a centre in U
SA over 5 years. O

nly 7 
children in series.   

Spine and abdom
inal 

injuries resulting in 
adm

ission to traum
a 

centre. 

Found that Chance fractures of the lum
bar spine and 

hollow
 viscus injuries w

ere associated w
ith lap belt 

restraint use. Tw
o-thirds of patients w

ith Chance 
fractures w

ere using lap belts w
hich w

ere found to 
increase the risk of sm

all bow
el injuries by 10 fold. 

Children w
ere found to be particularly susceptible 

because of their size and body proportions and due to 
higher frequency sitting in rear seats w

ith lap only 
belts. 

Sm
all num

ber of children in the study. 
Com

parisons not m
ade (possibly due to 

sam
ple 

size 
restrictions) 

w
ith 

those 
restrained 

in 
lap-sash 

belts 
or 

child 
restraints. 

(G
hati et al., 2009) 

Laboratory 
testing 

- 
sled 

test 

III-2 
U

SA 
Side im

pact collisions, 48 sled tests on rear 
facing 

and 
forw

ard 
facing 

child 
seats 

w
ith 

dum
m

ies representative of 1 and 3 year olds - 
tested using latch and lap/shoulder belts to 
attach the seat. 3 different speeds.  H

igh speed 
video cam

eras and data from
 test dum

m
ies 

used. 

Acceleration 
m

easures 
on 

the 
dum

m
y's head chest 

and 
pelvis, 

forces 
and m

om
ents from

 
the upper and low

er 
neck 

and 
lum

bar 
spine. 

Findings indicate that there w
ere som

e differences in 
perform

ance levels for different type of restraints - 
and that all experienced som

e lateral m
ovem

ent 
regardless of the attachm

ent type.  In one of the rear 
facing restraints the attachm

ent gave w
ay and the 

seat disengaged from
 its base - even at the low

est 
speed level. A range of specific findings are presented 
for each configuration. 

Test dum
m

ies w
ere not designed for side-

im
pact 

and 
som

e 
aspects 

of 
the 

test 
dum

m
ies but there w

as adequate data to 
m

ake conclusions about the side im
pact on 

the far side of the vehicle to inform
 further 

refinem
ent of the design of child safety 

seats for infants and young children. 

(G
otschall et al., 1998b) 

Detailed 
case 

series review
 

III-2 
U

SA 
From

 Dec 1991-97, all children 0-15 years, 
w

earing a seat belt (only) and adm
itted to a 

specific hospital follow
ing a M

VC w
ere included 

(n=98). M
edical records, interview

 w
ith parents 

and attending pre-hospital providers, review
 of 

police reports, crash scene investigation and 
reconstruction 

of 
events 

provided 
detailed 

data. 

Injury severity: AIS, 
ISS, revised Traum

a 
Score and the TRISS 
probability 

of 
survival. 

M
edical 

treatm
ent 

and 
outcom

e. 

There w
ere no belt related fractures to the ribs or 

sternum
, and no belt related injuries to the heart or 

great vessels.  O
ne fracture of the clavicle and 4 to the 

thoracic cavity w
ere noted to be belt related (3 of 4 in 

a 3-point belt).  O
f the 9 abdom

inal injuries that w
ere 

belt related, all w
ere in a 2-point belt.  There w

ere no 
injury severity differences by belt type. Incorrect belt 
use 

w
as 

com
m

on. 
Broadly 

data 
suggested 

m
ore 

injuries w
ith 3-point belt.  

Sam
ple did not include uninjured children - 

so lim
its conclusions. N

o evidence that they 
controlled for various factors as part of the 
analysis. 

 
Three-point 

belts 
are 

m
ore 

com
m

on in the front seat but not sure that 
they factored this into the injury severity. 

(Henderson et al., 1997) 
Laboratory 
sled test 

III-2 
Australia 

Three anthropom
etric child dum

m
ies in rear 

seat positions: sim
ulating 18 m

onths, 3 year old 
and 6 year old. Tw

o sled runs w
ere conducted 

for belt type (lap-only and lap-sash) w
ith each 

dum
m

y.  U
se of a harness w

as tested w
ith the 3 

and 6 year old dum
m

ies. Sensors placed on 
head, neck, chest and pelvis.  High speed 
cam

era used.  

Head, 
chest 

and 
pelvis 

acceleration 
m

easurem
ents; 

upper 
neck 

forces 
and 

m
om

ents. 
Lum

bar 
forces 

and 
m

om
ents 

for 
18 

m
onths old. 

Head and chest acceleration and lap belt loads w
ere 

consistently higher for lap belt only com
pared to lap 

and shoulder belts. O
nly the 18 m

onth old dum
m

y w
as 

not held correctly in place by either kind of restraint 
during 

the 
entire 

crash 
sequence. 

Results 
are 

consistent 
w

ith 
field 

studies 
indicating 

lap 
and 

shoulder 
belts, 

com
pared 

to 
lap-only, 

serve 
to 

m
inim

ise head excursion potentially reducing head 
injury risk and reduce abdom

inal loads and therefore 
potentially reduce injury risk to abdom

inal area. 
Results from

 harness testing suggested great loads 
m

ay lead to greater neck forces than one sided 
shoulder belts. 

Som
e differences in the reading betw

een 
the different tests on each configuration. 

(Henderson, 1994) 
Data review

 of 
injuries 
resulting 

in 
hospital 
attendance 

or 
fatality. 

III-2 
Australia 

Cases 
w

ere 
247 

children 
aged 

<15 
years 

attending hospital follow
ing a M

VC.  Interview
s 

w
ith a parent, inspection of the vehicle and 

reconstruction of the crash event using the 
EDCRASH 

program
 

to 
obtain 

estim
ates 

of 
speed, change in velocity and deceleration that 
is likely to be m

ore accurate that reported 
during interview

 or from
 records. Restraint type 

Injury 
severity 

(AIS 
>2) and fatal injuries. 

Side im
pact w

as the crash type m
ost likely to result in 

a significant injury (34%
 of case children sustained an 

injury of AIS 2 or greater).  Few
 infants w

ere in 
capsules (n=6, 2.6%

).  Injuries by restraint type w
ere 

sum
m

arised by possible m
echanism

. Lap-sash belts 
appeared to offer good protection but w

ere only 
available in outboard seats. A higher proportion of 
unrestrained children had a serious injury or fatality 
(26.3%

 fatally injured, 42.1%
 suffered an injury of AIS 

Study 
population 

not 
necessarily 

representative 
of 

all 
crashes 

in 
w

hich 
children are injured and not those in w

hich 
an injury w

as prevented.  Strength of study 
w

as in understanding the crash event, not 
just the proportion of children injured and 
injury severity by each restraint type.  Sm

all 
num

bers 
in 

som
e 

restraint 
types, 

e.g. 
capsules and FFCRs.  
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Reference 
Study type 

Level 
of 

Evidence 
Country 

M
ethods 

O
utcom

es 
Findings  

Com
m

ents 

w
as recorded.  Vehicles w

ere m
anufactured 

from
 1966-93. 

2 or greater), as com
pared w

ith restrained children 
(p<0.01). A high proportion of the cases w

ere in four-
w

heel 
drive 

cars 
and 

m
ulti-passenger 

vehicles. 
Im

portance 
of 

seating 
position 

w
as 

highlighted. 
Concludes that restraints specifically designed for 
children are m

ost protective and adult seat belts do 
not 

offer 
protection 

from
 

side-im
pacts. 

Som
e 

indications that m
any children w

ere m
oved out of a 

CRS too early. 
(Kirley et al., 2009) 

Data 
review

 
from

 2 sources: 
national 
surveillance 
system

 - police 
attended 
crashes as w

ell 
as 

insurance 
com

pany 
database 

III-2 
U

SA 
Crashes occurring 1997-2006 for children aged 
3-7 years not in front seats (w

ith 614 cases 
draw

n random
ly for detailed vehicle inspection 

and interview
). Three restraints types classified 

as lap-only, booster seat and lap and booster 
w

ith lap-sash belt. Incorrect use, w
here know

n, 
or no restraint w

ere excluded. Restraint use and 
injuries determ

ined from
 telephone surveys by 

a cluster random
ised sam

ple and on the police 
report. 

Injury 
location 

and 
severity - m

axim
um

 
abbreviated 

injury 
score (M

AIS >2). 

Results from
 both datasets suggest that booster seats 

w
ith lap-sash belts show

ed the low
est injury rates.  

N
one of the differences betw

een restraint types and 
injury w

as significant on one dataset (police attended) 
but the difference betw

een booster and lap-belt only 
w

as significant for the insurance claim
s database. 

O
verall conclusion that booster w

ith both shoulder 
and lap belt is the safest choice, w

ith the use of lap-
only belts (w

ith or w
ithout a booster) being the least 

safe. 

Booster seats included shield booster seats. 
A high error rate in reporting of restraint 
type.  Self-reported data for restraint use 
and injury type and severity - not possible to 
determ

ine correct use over the telephone.  
Low

 num
ber of children in booster seats 

w
ith lap belt only. 

(Lane, 1994) 
Case 

series 
– 

review
 of m

ass 
data 

on 
casualty 
related crashes 
and 

follow
-up 

interview
s 

III-2 
Australia 

Case series of 48 children aged 0-14 w
ith 

abdom
inal or lum

bar spine injuries from
 TAC 

database, w
ith som

e analysis of incidence and 
relative 

rates 
of 

SBS 
 

in 
various 

seating 
positions. 

Exposure 
in 

different 
seating 

positions w
as estim

ated by use of survey data. 

Lum
bar 

spine 
or 

abdom
inal 

injuries 
associated w

ith SBS. 

Changing design 
rules and legislation 

has 
m

eant 
calculating an annual rate of SBS injuries w

as not 
possible. Substantially elevated risk of SBS injuries in 
lap-only belts w

as found. The increase is by a factor of 
tw

o com
pared to a rear-seat 3-point belt.  

Several assum
ptions m

ade to calculate the 
relative 

risk 
of 

lap-belt 
related 

injuries 
including the generalisability of the survey 
findings – w

hich m
ight be expected to result 

in an underestim
ation of the effectiveness 

of 3-point seat belts in reducing injuries. 

(Lapner et al., 2001) 
Retrospective 
case 

review
 

and 
a 

prospective 
phase 

III-2 
Canada 

Cases w
ere children (aged 3-19) w

ith spinal 
injuries attending hospital follow

ing a M
VC, all 

occupants of the case vehicle w
ere contacted 

and interview
ed - covering  pre-crash seating 

positions, 
posture 

of 
occupants, 

and 
the 

m
anner 

in 
w

hich 
restraints 

w
ere 

used. 
Engineering team

 assessm
ent of crashes based 

on inform
ation provided.  

The 
nature 

and 
extent of the injuries 
sustained, 

and 
the 

vehicle 
dynam

ics 
and 

associated 
occupant 
kinem

atics. 

Retrospective 
case 

review
 

(n=45) 
suggested 

no 
difference in location of cervical spine injuries for 2-
point versus 3-point seat belt (i.e. shoulder strap).  
How

ever the prospective review
 of 26 cases (w

hich 
included all types of injuries) found a 24 increase in the 
risk of cervical spine injury for children using a 2-point 
versus 3-point seat belt. Loose fitting lap belts w

ere 
found to be particularly dangerous.  Also concluded 
that children under 12 should not be in the front seat 
until airbag sensitivity has im

proved. 

Sam
ple selection bias - no injuries that w

ere 
not serious w

ere included. Sm
all num

ber of 
cases in the prospective review

. 
  

 

(Levitt, 2005) 
Retrospective 
review

 of data 
from

 
fatal 

crash database 

III-2 
U

SA 
Data review

ed for period 1975-2003 - for type 
of 

restraint 
used 

(none, 
lap-only, 

lap 
and 

shoulder, 
child 

restraint); 
Vehicle 

m
odels 

1969+. Sam
ple w

as children aged 2-6 years - 
over 37,000 observations.  Crash characteristics 
w

ere docum
ented. 

Fatal 
and 

non-fatal 
injuries to occupants 
in w

hich there w
as a 

fatality. 

Restraint use found to cut fatalities by 44-67%
. N

o 
evidence to suggest that restraints perform

 better in 
term

s of safety than adult lap-sash belts.  Som
e m

ixed 
evidence that these 2 restraint type perform

 better 
than lap-only - in term

s of fatalities - but do perform
 

better in term
s of reduced injury severity for non-fatal 

injuries. 

O
nly included crashes involving a fatality - 

so 
did 

not 
capture 

crashes 
w

here 
all 

occupants 
survived 

the 
crash- 

thus 
potentially understating the effectiveness 
of child restraints. N

ot able to distinguish 
betw

een 
correct 

and 
incorrect 

use 
of 

restraints. 
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 Consensus Based 
Recom

m
endation 1.14 

Retrofitting of a lap-sash seat belt in a lap-only seat belt position is recom
m

ended, if this m
eets local engineering 

requirem
ents. 

 This consensus-based recom
m

endation is based on expert opinion, taking into account the follow
ing considerations. No data is available on the effectiveness of 

retrofitted lap-sash seat belts. How
ever, a properly engineered and fitted lap-sash seat belt should perform

 sim
ilarly to a m

anufacturer-installed lap-sash seat belt. 
Expert opinion is that the broader evidence of lap-sash vs. lap-only seat belts, and also data that com

pares lap-sash seat belts to child safety harnesses, are applicable 
to retrofitted lap-sash seat belts. It has been show

n that lap-sash seat belts are safer than a lap-belt used w
ith a child safety harness (see recom

m
endation 3.2 

below
). The retrofitting of lap-sash seat belts can be expensive and not suitable for all vehicles. The local state road traffic authority can provide details of procedures 

and requirem
ents for retrofitting of lap-sash seat belts.  

 6.2 A
ppropriate restraint use in non-typical situations 

6.2.1 
Taxis, private hire cars, ride share, and rental cars 

 Consensus Based 
Recom

m
endation 2.1 

For optim
al safety, children should use their recom

m
ended restraint in taxis, private hire cars and ride share services. 

,
 

 W
hile regulations around Australia vary as to w

hether child restraints are m
andatory up to age 7 in taxis, the safety issues in taxis are the sam

e as for other vehicles. 
Sim

ilarly, regulations around Australia vary as to the legal status of ride share and private hire car or driver services such as U
ber, the safety issues are the sam

e as 
for travel in all passenger vehicles. See Section Error! Reference source not found. above. 
 Consensus Based 

Recom
m

endation 2.2 
For optim

al safety, children should use their recom
m

ended restraint in rental cars. ,
 

 In rental cars, the usual child restraint legislative requirem
ents apply. Safety issues in rental cars are the sam

e as for other vehicles. See Section Error! Reference 
source not found. above. 
 These consensus-based recom

m
endations are based on expert opinion, taking into account the follow

ing considerations. There are no specific studies of injuries to 
child passengers in taxis, private hire cars, ride share vehicles, and rental cars. Expert opinion considers these vehicles to be identical in term

s of restraints, crash 
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protection and design to private vehicles (since m
ost are the sam

e vehicles as private vehicles), and that therefore all recom
m

endations for best practice restraint 
use should be follow

ed w
hen children are travelling in taxis, private hire services, ride share, and rental cars.  

6.2.2 
‘Troop carriers’ and other ‘non-passenger’ vehicles 

 Consensus Based 
Recom

m
endation 2.3 

Child restraints are not recom
m

ended to be used in side-facing seats in ‘troop carriers’ and sim
ilar vehicles. 

 Consensus Based 
Recom

m
endation 2.4 

Children should not travel in vans or other vehicles that do not have appropriate forw
ard facing vehicle seats upon 

w
hich the appropriate child restraint can be properly installed. ,

 

 Consensus Based 
Recom

m
endation 2.5 

Children should never travel unrestrained in vans, non-passenger parts of a vehicle, such as luggage com
partm

ents of 
cars and station w

agons or the trays of utility vehicles and trucks. ,
 

 These consensus-based recom
m

endations are based on expert opinion, taking into account the follow
ing considerations. There are no specific studies of injuries to 

child passengers in ‘troop carriers’ w
ith side-facing seats. Restraint instruction m

anuals recom
m

end against the use of child restraints in side-facing seating positions.  
Child restraints should be used in forw

ard facing seating positions.  
 There is no research that com

pares the safety of a child in a child restraint in a side facing seating position com
pared to a child in a seat belt in a side facing seating 

position that w
ould guide the choice betw

een these tw
o options w

here no forw
ard facing seat is available for installation of a child restraint. It is likely that the 

relative risk w
ill depend on the child’s age/size. The availability of anchorage points for a child restraint, the child’s age/size, other options for safely restraining the 

child during travel, and the need for the child to travel in a side facing position should be considered carefully. In addition, local regulations m
ay consider installation 

of a restraint in a side facing seat not to be a properly fitted Australian Standard approved child restraint, and thus illegal. Further research is required on this issue.   
 

There are no studies that m
et our inclusion criteria that include children travelling in child restraints installed in seating positions that are inappropriate for child 

restraint installation. This is illegal in all states of Australia, as all states require children up to age 7 to be restrained in a properly fitted Australian Standard approved 
child restraint. Expert opinion is that this is the sam

e situation as travelling w
ith an incorrectly installed restraint, and is thus not recom

m
ended. 
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There are no studies that m
et our inclusion criteria that include children travelling unrestrained in vehicles w

ithout appropriate seating positions. This is illegal in all 
states and territories of Australia. Expert opinion is that this is the sam

e situation as travelling unrestrained in a traditional passenger vehicle, and thus is inadvisable. 

6.2.3 
  Additional (‘Dickie’) seats 

 Consensus Based 
Recom

m
endation 2.6 

Additional seats (‘Dickie seats’) should only be used w
hen a second row

 or m
anufacturer installed seat is not available. 

 Consensus Based 
Recom

m
endation 2.7 

The m
anufacturer’s recom

m
endations for w

eight or seated height should be follow
ed to avoid overloading the 

additional seat or increasing the risk of head contact w
ith the vehicle interior for a taller child.  

 Consensus Based 
Recom

m
endation 2.8 

The m
anufacturer’s recom

m
endations on suitability for use of child restraints on an additional seat should be follow

ed, 
and child restraints should only be used on a suitable additional seat if a m

anufacturer installed seat is not available.  

 Consensus Based 
Recom

m
endation 2.9 

The ”5 step test” should be used to determ
ine w

hether a child is tall enough to sit in an additional seating position 
w

ithout a booster seat.  

 Consensus Based 
Recom

m
endation 2.10 

If a child betw
een 4 and 7 years of age is seated in an additional seat w

hich has only a lap seat belt available, and the 
child can m

eet the “5 step test” in the additional seat, they should use a child safety harness w
ith the lap-only seat 

belt. ,
 

 These consensus-based recom
m

endations are based on expert opinion, taking into account the follow
ing considerations.  There w

ere no studies of additional seats 
m

eeting our inclusion criteria.  Additional seats (also know
n as “Dickie” seats) can be installed as after-m

arket options in non-passenger areas of the vehicle, such 
as in the cargo area of a station w

agon. These additional seats vary considerably in size and design, and are often designed to be used only by children of specific 
w

eights and heights. They m
ay or m

ay not have appropriate anchorages for child restraint installation. Som
e states (e.g. Victoria) discourage the use of child 
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restraints or booster seats in additional seats. N
ote that the legal requirem

ent to use a child safety harness for a lap-only seat belt applies only to additional seats.  
Further research is required on this issue. 

6.2.4 
Integrated child restraint system

s 
 Recom

m
endation 2.11 

For children aged 4-8 years, add-on high back boosters are preferred over integrated booster seats. 

For children older than 8 years, integrated boosters are suitable for use in seating positions adjacent to a curtain airbag. 

O
verall Evidence Grade 

D 
 Table 15: Evidence statem

ents supporting recom
m

endation 2.11 
Evidence statem

ent 
Integrated booster seats w

ithout side structures do not offer postural support for children. In vehicles w
ith side curtain airbags, they 

offer adequate head protection, but offer less protection in the absence of a side curtain airbag. 
G

rade 
D 

Com
ponent 

Rating 
N

otes 
Evidence base 

Satisfactory 
There is a single level III peer review

ed paper, w
hich reports a range of different sub-studies related to high back and 

integrated booster perform
ance. 

Consistency 
N

/A 
There is only one study. 

Public Health Im
pact 

Satisfactory 
Although m

agnitude of differences betw
een add on and integrated boosters differs in each arm

 of this study, for 4-
8 year old children there w

as a substantially greater child induced error rate in the integrated booster seat (m
ean 

5.4 errors vs 1.2 errors), but a reduction in installation errors com
pared to the add on booster (zero errors vs m

ean 
0.73 errors). 

Generalisability 
Satisfactory 

The single study evaluated a single integrated booster seat design from
 one vehicle, and com

pared it to a range of 
add-on booster seats n crash testing but only a single add on booster seat in the laboratory trials. The results m

ay 
not be generalisable to all integrated boosters and add on booster seats. 

Applicability 
Good 

The available research is done on an Australian vehicle and Australian booster seats, and is thus directly applicable 
to the Australian context. Injury data for integrated booster seats, how

ever, is scarce, and based on overseas studies. 
O

ther factors 
 

There are very few
 reported injury cases of children restrained in integrated booster seats, and those have all been 

overseas. 
References 

 
(Brow

n et al., 2017a) 
 



 Technical Report 
 

 
 

 
 

 
 Page | 58  

Som
e vehicles have ‘integrated’ or inbuilt booster seats in the rear seats. They are considered ‘booster seats’ for the purposes of the m

andatory child restraint law
s, 

and therefore the evidence statem
ent for 1.11 applies here,

. They are not currently required to m
eet the requirem

ents of AS/N
ZS 1754, w

hich specifies safety 
standards for add-on child restraints, but instead are subject to vehicle regulations (Australian Design Rules), w

hich require integrated restraints to m
eet the relevant 

European Standard. Current Australian regulations consider integrated booster seats as ‘approved’ child restraints, so children aged 4-7 years using these are 
considered to be appropriately restrained legally.  
 O

ne Australian laboratory study has dem
onstrated that there is reduced potential for installation errors, but no apparent benefit for errors related to child behaviour 

in integrated boosters com
pared to add-on boosters. That sam

e study conducted com
parative frontal sled testing and full-scale side im

pact crash testing, com
paring 

the crash protection provided by the tw
o types of booster. This dem

onstrated no substantial difference in crash protection in frontal im
pact and for near-side seated 

child occupants in side im
pact crashes. How

ever, the integrated system
 did not perform

 as w
ell as the add-on booster in the far-side or non-struck side occupants. 

Furtherm
ore, the adequate side im

pact protection observed for the struck-side occupant w
as heavily dependent on the presence of a side curtain airbag (Brow

n et 
al., 2017a). As this is the only relevant available w

ork, and this w
ork w

as lim
ited to evaluation of only one type of integrated booster, laboratory evaluations, and a 

review
 of lim

ited international injury data in integrated restraints, further research is required on this issue.  
 Based on the above, and in the absence of further studies, it is preferable for children aged 4-8 to use add-on boosters, as these provide postural support, m

ay 
reduce m

ovem
ent of children into out-of-position postures, and offer m

ore proven protection for children w
ho fit w

ithin them
, but children older than 8 years w

ho 
cannot achieve adequate seat belt fit w

ithout a booster seat m
ay benefit from

 the use of an integrated booster rather an adult seat belt only. 
 Table 16: Sum

m
ary of articles providing evidence for recom

m
endation 2.11 

Reference 
Study type 

Level 
of 

Evidence 
Country 

M
ethods 

O
utcom

es 
Findings  

Com
m

ents 

(Brow
n et al., 2017a) 

1. 
Retrospective 
review

 of crash 
data 
2. Crash testing  
3. 

Laboratory 
ease-of-use 
testing 

1. U
SA, 

Sw
eden 

2,3. 
Australia 

III-2 
1. Retrospective review

 of U
S database N

ASS-
CDS and data from

 Children's Hospital of 
Philadelphia, and from

 Volvo data in Sw
eden 

w
as review

ed and synthesised 
2. Four sled tests using the frontal AS/N

ZS 
1754 and CREP protocols and tw

o full scale 
side im

pact crash tests com
paring a tw

o-stage 
integrated booster to previous tests data for 
add-on booster seats.  
3. Ease-of-use w

as assessed using laboratory 
trials of installation and fitm

ent in the lab, and 
used an online survey to obtain inform

ation 
about problem

s w
ith installation 

1. Injury type and 
severity 
2. Head and knee 
excursion, HIC and 
seat belt position 
3. Errors in use, 
qualitative feedback 
on installation 
problem

s, 
questionnaire on 
perception of ease 
of use. 

1. N
o differences betw

een integrated boosters and 
add-on boosters in CH

O
P data. N

o integrated booster 
users in N

ASS-CDS data. Volvo data w
as reported to 

show
 no differences in injury betw

een integrated and 
add-on boosters 
2. Sim

ilar head and knee excursions w
ere observed 

for the integrated booster and add-on boosters in 
frontal im

pacts. In the presence of a side curtain 
airbag, side im

pact head injury values for the 
integrated booster w

ere acceptable but overall 
restraint w

as poor due to lack of lateral restraint in 
integrated booster. 
3. The integrated booster achieved a 4 star rating in 
CREP ease of use, com

pared to add-on booster three 
stars. It w

as rated easier to install and adjust than the 
add-on booster in the parent rating, and no errors in 
use w

ere observed in the lab study for the integrated 
booster but the add-on booster w

as com
m

only 
m

isused. The survey identified several practical issues 
w

ith installation of restraints 

1. Lim
ited num

bers of children in 
integrated boosters in data analysed, and 
sm

all num
bers of injuries. 

2. O
nly one type of integrated booster 

tested, sm
all num

ber of tests, no replicates 
3. Biofidelity of dum

m
ies, particularly the 

TN
O

 dum
m

ies is an issue. The order of 
exposure to the different restraint types in 
the lab trial w

as not random
ised how

ever 
consistency of large increases in errors and 
poor posture sin the integrated restraint 
suggests the effect of non-random

isation 
m

ay be relatively sm
all if present at all this 

w
ould m

ake to occupant kinem
atics but 

they are not com
m

only used, so data is 
sparse. 
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6.2.5 
Public transport 

 Consensus Based 
Recom

m
endation 2.12 

O
n urban public buses, children should be seated in their ow

n seating position w
hen possible and use seat belts w

here 
available. 

 This consensus-based recom
m

endation is based on expert opinion, taking into account the follow
ing considerations. There w

ere no studies identified describing 
injuries to children travelling in urban public buses other than case reports (Lapner et al., 2003) w

hich did not m
eet form

al inclusion criteria.  Like adults, children 
can legally travel in urban public buses w

ithout restraints. M
ost m

etropolitan buses have no provision for use of seat belts or child restraints. How
ever, since the 

seat in front can provide som
e restraint, and to m

inim
ise the risk of being sandw

iched betw
een a seat and another occupant, it is recom

m
ended that children be 

seated, rather than standing, and in their ow
n seating position and use the seat belt w

here available, rather than on an adult’s lap, w
hen this is possible. 

 Consensus Based 
Recom

m
endation 2.13 

O
n long distance coaches, children should use a size-appropriate restraint. If the size appropriate restraint is a rearw

ard 
or forw

ard facing child restraint, it should be correctly installed in one of the supplied seating positions equipped w
ith 

top tether strap anchorages. If these seats or anchorages are not available, children over 1 year of age should use a 
lap-sash seat belt and children under 1 year of age should be seated in their ow

n seating position if possible.   

 This consensus-based recom
m

endation is based on expert opinion, taking into account the follow
ing considerations. There w

ere no studies that m
et inclusion criteria 

identified describing injuries to children travelling in long distance coaches. There is one N
SW

 State Governm
ent report (Henderson and Paine, 1994) that suggests 

that injuries to children on public buses are rare, and m
ostly m

inor, and are likely to be prevented by use of lap-sash seat belts and/or child restraints. There have 
been a very sm

all num
ber of serious coach crashes in w

hich children w
ere killed w

hen long distance coaches rolled over; the Australian Design Rule (ADR 68) requires 
all coaches m

ade after 1994 have at least 6 seats equipped w
ith seat belts and child restraint anchorages suitable for fitting child restraints; children in passenger 

vehicles are best protected in a correctly installed size-appropriate child restraint until they can achieve good belt fit, as assessed by the 5 step test (approxim
ately 

10-12 years of age); any restraint is better than no restraint. Infants under 12 m
onths m

ay not be able to be safely restrained in a seat belt.  .   
 Consensus Based 

Recom
m

endation 2.14 
Children using com

m
unity transport buses should use an age-appropriate child restraint w

herever possible. ,
 

 This consensus-based recom
m

endation is based on expert opinion, taking into account the follow
ing considerations. There w

ere no studies that m
et inclusion criteria 

identified describing injuries to children travelling in com
m

unity transport buses. ‘,
’ Com

m
unity transport buses w

ith up to 12 seats m
ust have child restraint 



 Technical Report 
 

 
 

 
 

 
 Page | 60  

anchorages installed in at least 3 seating positions that can be used to install a child restraint and these should be used; not all com
m

unity transport is exem
pt from

 
the m

andatory child restraint law
s outlined in section 6.1.5; children in passenger vehicles are best protected in a correctly installed size-appropriate child restraint 

until they can achieve good belt fit, as assessed by the 5 step test (approxim
ately 10-12 years of age). 

6.2.6 
O

ld restraints 
 Consensus Based 

Recom
m

endation 2.15 
Restraints older than 10 years should not be used.  

 This consensus-based recom
m

endation is based on expert opinion, taking into account the follow
ing considerations. There w

ere no studies identified describing 
injuries to children travelling in old restraints. W

hile restraints certified to new
er standards are tested m

ore rigorously to ultim
ately im

prove protection afforded to 
the child and restraint usability com

pared to those that are legally allow
ed to be sold under the Com

petition and Consum
er Act 2010 (i.e. those certified to AS/N

ZS 
1754  (2000) or new

er), there is little evidence regarding their relative perform
ance. How

ever, restraint m
anufacturers typically recom

m
end restraints not be used 

w
hen they are older than 10 years, as internal structural degradation m

ay not be visible externally; and old restraints that have plastic com
ponents not containing 

U
V stabilizers can degrade after extended periods exposed to sunlight (Turbell, 1983).  This requirem

ent w
as introduced in AS/N

ZS 1754 (1995). Further research is 
required on this issue. 
 Consensus Based 

Recom
m

endation 2.16 
Restraints that have been previously used should be inspected for m

issing com
ponents, w

ear and degradation before 
use. Dam

aged restraints should not be used, and should be disposed of in a w
ay that ensures they cannot be re-used. 

 This consensus-based recom
m

endation is based on expert opinion, taking into account the follow
ing considerations.  There w

ere no studies identified describing 
injuries to children travelling in old restraints, abrasion of w

ebbing (in harnesses and tether straps) in norm
al use results in w

ear and tear that can reduce the strength 
of the com

ponents that consist of w
ebbing.  W

ebbing and som
e other com

ponents can be replaced. Dam
age to the restraint shell indicates a restraint should not 

be used. It is also im
portant to ensure all com

ponents of the restraint are present, and child restraint fitting stations can inspect restraints to determ
ine this. Disposal 

by destroying the restraint so that it cannot be re-used is advised. Further research is required on this issue. 
 Consensus Based 

Recom
m

endation 2.17 
Restraints that have been in m

oderate to severe crashes should not be re-used (even if dam
age to the restraint is not 

visible), and should be disposed of in a w
ay that ensures they cannot be re-used. 
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M
oderate to severe crashes w

here the m
ain body structure of the vehicle has been distorted m

ay include those w
here any of the follow

ing occurred: there w
ere 

serious injuries to any vehicle occupant, any airbag deployed, there is any dam
age to the child restraint (how

ever dam
age is not alw

ays visible), the vehicle w
as 

unable to be driven aw
ay from

 the crash, or there w
as any dam

age to the door nearest the child restraint.  
 This consensus-based recom

m
endation is based on expert opinion, taking into account the follow

ing considerations. W
hile there are tw

o non peer review
ed North 

Am
erican studies reporting that child restraints in m

inor collisions are able to be re-used w
ithout degradation in perform

ance (Gane, 1999; IIHS, 2000) these m
ay 

not apply directly to Australian restraints, and it is not alw
ays possible to see flaw

s in child restraint structures after a crash, international authorities and Australian 
child restraint m

anufacturers recom
m

end replacem
ent after a m

oderate to severe crash. Disposal by destroying the restraint so that it cannot be re-used is advised.   
Further research is required on this issue. 
 6.3 O

ther restraint options and child restraint accessories  
 Consensus Based 

Recom
m

endation 3.1 
Child restraint accessories that are not supplied or recom

m
ended by the m

anufacturer or are not certified for use w
ith 

a specific restraint under AS/N
ZS 8005 are not recom

m
ended. 

 This consensus-based recom
m

endation is based on expert opinion, taking into account the follow
ing considerations. There is little field or laboratory testing data 

covering the safety of child restraint accessories (w
ith the exception of child safety harnesses as outlined in Recom

m
endation 3.2 below

). M
any accessories have 

the potential to interfere w
ith the com

pliance of a restraint w
ith m

andatory safety standards, or to create other non-obvious hazards. A new
 voluntary Australian 

Standard, AS/N
ZS 8005 has been developed to assess such accessories, but there is currently no experience w

ith the application of this standard, and further research 
is needed to determ

ine w
hether this w

ill be sufficient to ensure good safety perform
ance of child restraint accessories. Accessories supplied w

ith a restraint are 
tested during the Standards certification process and are safe to use as directed. U

se of any accessories not supplied w
ith the restraint m

ay be considered to 
constitute a m

odification of the restraint in som
e jurisdictions, and thus m

ay require a m
edical or other special exem

ption from
 the restraint law

s. 
 Recom

m
endation 3.2  

Child safety harnesses (H-harnesses) are not recom
m

ended. They should only be considered for use in a seating 
position w

ith a lap-only seat belt, in conjunction w
ith a booster seat proven to prevent the child from

 sliding under the 
lap belt in a crash w

hen used in conjunction w
ith a child safety harness, or w

hen required by law
 on an additional seat. 

O
verall Evidence Grade 

D 
 Table 17: Evidence statem

ent supporting recom
m

endation 3.2 
Evidence statem

ent 
Child safety harnesses provide no safety advantage over lap-sash seat belts and m

ay increase the risk of injury   
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G
rade 

D 

Com
ponent 

Rating 
N

otes 
Evidence base 

Poor 
The evidence is indirect, and lim

ited to tw
o reports of laboratory tests show

ing an increased risk of serious injury in 
child safety harnesses unless used w

ith an anti-subm
arining feature on a booster seat. Incorrect adjustm

ent of these 
w

as show
n to substantially increase potential for ‘subm

arining’ and associated injuries. There is also separate 
evidence from

 observational studies show
ing that harnesses are w

idely m
isused in the field, w

hich is linked to poor 
perform

ance in the laboratory tests. 
Consistency 

Excellent 
All studies are consistent in their finding that child safety harnesses provide little clear benefit over lap-sash seat 
belts and have potentially serious risks.  

Public Health Im
pact 

U
nknow

n 
N

o injuries have been reported in the peer review
ed literature. 

Generalisability 
Satisfactory 

W
hile the field m

isuse w
as collected on a population sim

ilar to the Australian child occupant population, the 
laboratory tests w

ere conducted only at a lim
ited num

ber of crash severities and crash directions, w
hich do not 

encom
pass the full range of crash types that occur in the field. 

Applicability 
Satisfactory 

M
isuse w

as studied in Australian children in a sam
ple representing a large Australian state. Laboratory studies used 

Australian restraints. 
O

ther factors 
 

 
References 

 
(Suratno et al., 2009a; Brow

n et al., 2010a; Brow
n et al., 2010b; Brow

n et al., 2010c)   
 There is an absence of published field evidence linking child safety harnesses to injury in child occupants. How

ever, the available laboratory evidence show
s that 

child safety harnesses provide w
orse protection than a lap-sash seat belt (w

ith or w
ithout a booster seat) even w

hen correctly used (Charlton et al., 2005; Suratno 
et al., 2009a; Brow

n et al., 2010c). M
oreover, child safety harnesses are w

idely m
isused in the field (Brow

n et al 2010c,d), w
hich has been show

n in laboratory testing 
to substantially increase the risk of ‘subm

arining’ (Charlton et al., 2005; Suratno et al., 2009a; Brow
n et al., 2010c) and thus likely increase the risk of related 

abdom
inal and lum

bar spine injuries. There is no published field evidence, but unpublished case reports (w
hich did not m

eet inclusion criteria) dem
onstrate that 

fatal abdom
inal injuries can occur to children using child safety harnesses in boosters w

ithout design features to prevent anti-subm
arining. There is considerable 

concern am
ong the drafting group that failure to alw

ays use such a design feature could place children at risk of serious injury, and thus this practice is an option of 
last resort and careful counselling of consum

ers is required (see below
). The technical drafting group also noted that child safety harnesses have been banned in 

Canada due to concerns about their injury potential. M
oreover, child safety harnesses (w

hen not used w
ith a booster seat) are labelled for use from

 approxim
ately 

7 years up to approxim
ately 10 years of age, and the vast m

ajority of children in this age range should be using a booster seat, not a seat belt, as they are not large 
enough to obtain good fit in an adult seat belt. There is therefore little basis for their use w

ith a seat belt alone under any circum
stances (except as required by law

 
on additional seats), nor should a harness be used w

ith a lap-sash belt (w
ith or w

ithout a booster seat) as a booster plus lap-sash belt is safer. As noted above 
(recom

m
endation 1.13), a booster seat user should alw

ays use a lap-sash belt (w
ithout a child safety harness) if at all possible. 

 In the case w
here: (i) there is no alternative to a lap-only seat belt, and (ii) all other options for restraining a child aged 4 to 10 years w

ith a lap-sash belt and booster 
have been exhausted, the follow

ing risks need to be w
eighed up: 

• 
the high risk of injury w

hen using a lap-only belt w
hile in a crash, w

hich is w
ell established (see section 6.1.4), and 
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• 
the increased injury risk due to m

isuse (w
hich is w

idespread) of a child safety harness that has been designed to be used w
ith a booster seat to prevent 

subm
arining injuries. 

 There are currently no data indicating w
hich booster plus harness com

binations can prevent subm
arining apart from

 the m
odels (w

hich incorporate one specific 
design feature for anti-subm

arining) that w
ere tested in the laboratory studies (Charlton et al., 2005; Suratno et al., 2009a; Brow

n et al., 2010c). How
ever, this has 

been included as a requirem
ent for child safety harnesses w

hen used w
ith booster seats in AS/N

ZS 1754 (2013) and once such harness/booster com
binations becom

e 
available they could be considered for a lap-only seating position w

hen all other options have been exhausted. O
ther options that should be considered first include 

(i) relocating the child to another seating position w
ith a lap-sash belt (see section 6.4), (ii) advising the parent/carer to change their vehicle to one w

here lap-sash 
belts are available in all seating positions, and (iii) advising the parent/carer to consider retrofitting a lap-sash seat belt to the lap-only belt position. In addition, 
parents and carers need to be strongly advised of the dangers of child safety harnesses, and carefully counselled how

 to fit the harness w
ithout over-tightening the 

straps, and that any design feature required to prevent subm
arining in a booster seat m

ust be used at all tim
es, and be checked before every trip. They should also 

be clearly advised that this is an option of last resort. 
 Further research is required on this issue to ascertain the relative risks of lap-only belt use com

pared to a booster/child safety harness com
bination that has been 

proven to prevent subm
arining, and to identify specific booster/harness com

binations that w
ould m

eet such criteria. 
 Table 18: Sum

m
ary of articles providing evidence for recom

m
endation 3.2 

Reference 
Study type 

Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

  (Brow
n et al., 

2010a) 
Laboratory 
testing 

- 
sim

ulated 
front-im

pact, 
instrum

ented 
dum

m
ies 

and 
high-speed 
cam

eras 

III-2 
Australia 

Laboratory sim
ulated frontal crash using a 6 y-o 

dum
m

y and 3 different restraint system
s: correct 

and incorrect harness use and a lap-sash belt - 
using tw

o different kinds of booster seats. 

Dum
m

y m
otion, belt 

loads, 
neck 

forces 
and m

om
ents, head 

and knee m
om

ents. 
Subm

arining 
w

as 
determ

ined visually. 

Results suggested that correctly used harness did not 
perform

 any better than the -sash belt - either on its ow
n 

or w
ith tw

o com
m

on types of booster seats.  Incorrect 
use of the harness - causing the lap belt to be high and 
positioned over the abdom

en, allow
ed for subm

arining 
to occur. Subm

arining did not occur w
hen the booster 

w
as used and the lap belt kept low

 on either restraint 
tested. 

Som
e lim

itations in the use of dum
m

y head 
and neck responses to sim

ulate real crash 
scenarios - biofidelity of the dum

m
ies is 

unknow
n. O

nly one m
odel of harness w

as 
tested, and tw

o booster seat types - other 
com

binations m
ay results in som

e different 
outcom

es. 
Real 

postures 
of 

children 
are 

difficult to sim
ulate in dum

m
ies. Subm

arining 
w

as determ
ined visually w

hich m
ay be open 

to a level of subjectivity. 
(Brow

n et al., 
2010b) 

Field 
observational 
study 

III-2 
Australia 

Cluster random
ised observational field study of 

child 
restraint 

use, 
including 

detailed 
assessm

ents of m
isuse. 

O
bserved 

rates 
of 

restraint 
appropriateness and 
m

isuse. 
Detailed 

m
isuse 

use 
types 

identified 

A w
eighted percentage of incorrect use by restraint type 

found that 100%
 of children using child safety harnesses 

show
ed a serious form

 of incorrect use. All children 
observed 

using 
child 

safety 
harnesses 

displayed 
betw

een 2-3 errors in their use. W
eighted estim

ates 
w

ere calculated indicating that 15.7%
 (CI 95%

 0.0-61.5) 
of harnesses w

ere very loose. Furtherm
ore, estim

ates of 
error prevalence in child safety harness users indicated 
that a gated buckle/locking clip error occurs in 84.3%

 (CI 
95%

 38.4-100.0) of cases, and a seat belt error is present 
in 15.7%

 (CI 95%
 0.0-61.5). 

M
isuse 

of 
child 

safety 
harnesses 

w
as 

universal, 
but 

num
bers 

of 
harnesses 

in 
sam

ple are lim
ited.  
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Reference 
Study type 

Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

(Brow
n et al., 

2010c)  
Laboratory 
testing 

 
- 

sim
ulated 

front-im
pact, 

instrum
ented 

dum
m

ies 
and 

high-speed 
cam

eras 

III-2 
Australia 

Laboratory sim
ulated frontal crash using a 6 y-o 

dum
m

y and 3 different restraint system
s: correct 

and incorrect harness use and a lap-shoulder belt 
- using tw

o different kinds of booster seats. 

Dum
m

y m
otion, belt 

loads, 
neck 

forces 
and m

om
ents, head 

and knee m
om

ents. 
Subm

arining 
as 

determ
ined visually. 

Results suggested that a correctly used harness did not 
perform

 any better than the lap and shoulder belt - 
either on its ow

n or w
ith tw

o com
m

on types of booster 
seats.  Incorrect use of the harness - causing the lap belt 
to be high and positioned over the abdom

en, allow
ed for 

subm
arining to occur. Subm

arining did not occur w
hen 

the booster w
as used and the lap belt kept low

 on either 
restraint tested. 

Som
e lim

itations in the use of dum
m

y head 
and neck responses to sim

ulate real crash 
scenarios - biofidelity of the dum

m
ies is 

unknow
n. O

nly one m
odel of harness w

as 
tested, and tw

o booster seat types - other 
com

binations m
ay results in som

e different 
outcom

es. 
Real 

postures 
of 

children 
are 

difficult to sim
ulate in dum

m
ies. Subm

arining 
w

as determ
ined visually w

hich m
ay be open 

to a level of subjectivity. 
(Suratno et al., 
2009a)  

Laboratory 
testing 

- 
sim

ulated 
front-im

pact, 
instrum

ented 
dum

m
ies 

and 
high-speed 
cam

eras 

III-2 
Australia 

Tw
elve front im

pact crashes w
ere sim

ulated 
using a 6 year old dum

m
y - three different 

restraint types (seat belt, booster seats and 
safety harness) and the use and incorrect use and 
non-use of a harness. 

Sensors 
to 

detect 
head, 

chest 
and 

pelvis 
acceleration, 

upper 
neck 

forces 
and 

m
om

ents, 
and 

chest 
deflection.  

Dum
m

y m
otion w

as 
captured w

ith high-
speed cam

era. 

Results indicated that in frontal im
pact at least, child 

safety harness system
s provide no better protection 

than lap-sash seat belt system
s, either w

ith a booster 
seat or alone. The m

ain danger is "subm
arining".  M

isuse 
of harnesses is com

m
on and associated w

ith serious 
degradation of the protective effect. 

Testing w
as lim

ited to frontal im
pacts and did 

not test for the risk of subm
arining w

ith 
different speeds at im

pact.  N
o evidence to 

support their use particularly in conjunction 
w

ith lap-sashes and that if too tight - they can 
result in excessive head excursion.  

  Consensus Based 
Recom

m
endation 3.3 

Seat belt positioners, particularly those that link the lap and sash belts to alter sash belt fit, are not recom
m

ended. If 
children cannot fit w

ell into adult seat belts, they should use booster seats w
ith a lap-sash seat belt. 

 This consensus-based recom
m

endation is based on expert opinion, since there have been no studies of seat belt positioners. The follow
ing issues w

ere considered. 
Devices that attach the lap belt to the shoulder belt tend to pull the lap belt up, aw

ay from
 the anterior iliac spines of the pelvis, and into the soft abdom

en. They 
can therefore act sim

ilarly to child safety harnesses to encourage ‘subm
arining’, w

here the child slips under the lap belt, and are likely to pose an elevated risk of 
abdom

inal and/or lum
bar spine injury. In addition, these m

ay be perceived as being a valid alternative to proven safer options, such as the use of a booster seat. 
N

ote: This consensus-based recom
m

endation does not address ‘gated buckles’ and other restraint installation aids (see consensus-based recom
m

endation 3.6).  
 Consensus Based 

Recom
m

endation 3.4 
Buckle covers and other devices to stop a child from

 escaping from
 a restraint are not recom

m
ended. Behavioural 

solutions are preferred.  

 This consensus-based recom
m

endation is based on expert opinion, taking into account the follow
ing considerations. There are no form

al studies of buckle covers 
and other devices. These are designed to m

ake it m
ore difficult for a young child to release them

selves from
 a restraint, either inadvertently, or intentionally w

hen 
the vehicle is m

oving, thus leaving the child unrestrained (or partially unrestrained). The potential risks associated w
ith the increased difficulty of rem

oving a child 
from

 a restraint in an em
ergency w

hen one of these devices is used, together w
ith potential for a child to quickly learn to operate such a device, negating its benefits 
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is the rationale behind this consensus-based recom
m

endation. Future designs of after-m
arket accessories for this purpose that have been certified to AS/N

ZS 8005 
m

ay be considered for use if behavioural approaches fail. 
 Consensus Based 

Recom
m

endation 3.5 
Padding, pillow

s, cushions, and blankets or w
raps that surround the head or neck, are positioned behind the head, or 

w
ithin the harness of a restraint that are not supplied by the m

anufacturer w
ith the restraint are not recom

m
ended. 

 This consensus-based recom
m

endation is based on expert opinion, taking into account the follow
ing considerations. Apart from

 m
anufacturer supplied pads and 

accessories, w
hich are tested w

ith the restraint w
hen it is tested for m

andatory safety perform
ance under AS/N

ZS 1754, there have been few
 studies of padding, 

pillow
s and cushions.  Padding or cushions behind the head that displace the head forw

ard could potentially expose the head outside the side structure of the 
restraint in a side im

pact; pillow
s that surround the child’s neck could pose a suffocation hazard; soft padding, including blankets or w

raps (including infant 
sw

addling), inside the harness is likely to introduce slack into the harness, increasing the risk of injury.  
 Consensus Based 

Recom
m

endation 3.6 
Seat belt tensioners and other fitting accessories that actively tighten the seat belt are not recom

m
ended. O

ther fitting 
accessories are rarely required for norm

al installations and should only be used if required by the child restraint 
m

anufacturer or recom
m

ended by a child restraint fitter. 

 This consensus-based recom
m

endation is based on expert opinion, taking into account the follow
ing considerations. Devices that tighten the seat belt excessively 

to ensure tight restraint fit (i.e. those that actively tighten the seat belt) have not been form
ally studied.  Som

e devices use high force ratchets, w
hich could potentially 

deform
 the restraint structure, com

prom
ising its strength and perform

ance in a crash; child restraints are designed to perform
 w

ell in the absence of seat belt 
tightening devices, and are thus considered not to be necessary under norm

al circum
stances. There can be specific circum

stances w
here fitting devices (e.g. gated 

buckles, padding to position the restraint in a contoured seat etc.) m
ay be required to firm

ly install a restraint, and child restraint fitters are able to provide advice 
in such circum

stances. Accredited restraint fitters (w
ho have com

pleted one of tw
o nationally accredited short courses) are preferred w

here available. 
 Consensus Based 

Recom
m

endation 3.7 
Seat belt extenders are not recom

m
ended. If their use is unavoidable, the buckle should not be located over the child. 

G
reat care should be taken not to introduce seat belt slack w

hen used, and that both extender and m
ain seat belt 

buckle are latched. 

 This consensus-based recom
m

endation is based on expert opinion, taking into account the follow
ing considerations. Seat belt extenders, w

hich lengthen the seat 
belt to allow

 for fitting in som
e restraints for w

hich existing seat belts are not long enough to correctly fit the restraint or go around a booster seat, have not been 
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form
ally studied.  Seat belt buckles placed over the abdom

en of a child have the potential to interact w
ith the soft abdom

en of the child or the child’s head in a 
crash; depending on the location of the seat belt extender. This can introduce slack into the seat belt, w

hich reduces the effectiveness of the seat belt. It is necessary 
that both the extender buckle and the m

ain seat belt buckle be correctly buckled for an ‘extended’ seat belt to function.  
 Consensus Based 

Recom
m

endation 3.8 
Toys and entertainm

ent accessories: O
nly soft toys that contain no rigid parts that could m

ake contact w
ith a child 

during a crash should be used for entertainm
ent of children in child restraints. 

 This consensus-based recom
m

endation is based on expert opinion, taking into account the follow
ing considerations. Toys and entertainm

ent accessories have not 
been form

ally studied. Loose rigid objects in a vehicle can becom
e projectiles in a crash, causing injury to vehicle occupants; rigid fixed objects could be struck by 

the child or another vehicle occupant in the event of a crash, potentially creating an injury hazard. 
 Consensus Based 

Recom
m

endation 3.9 
Add-on chest clips designed to prevent the child from

 rem
oving his/her arm

s from
 the harness, other than those 

supplied w
ith the restraint or certified under AS/N

ZS 8005, are not recom
m

ended. Behavioural solutions are preferred. 

 This consensus-based recom
m

endation is based on expert opinion, taking into account the follow
ing considerations. Add-on chest clips (afterm

arket devices not 
supplied w

ith the restraint) have not been w
ell studied and there is no real w

orld injury data. The potential risks associated w
ith the increased difficulty of rem

oving 
a child from

 a restraint in an em
ergency w

hen one of these devices is used, together w
ith potential for a child to quickly learn to operate such a device, negating its 

benefits; the potential for injurious throat contact if the device is positioned im
properly. Chest clips that have been provided w

ith the restraint by the m
anufacturer, 

or certified under AS/N
ZS 8005 m

ay be safe to use. Future designs of after-m
arket accessories for this purpose that have been certified to AS/N

ZS 8005 m
ay be 

considered for use if behavioural approaches fail. 
 Consensus Based 

Recom
m

endation 3.10 
Sun shades, insect nets, blankets or other cloths w

hich cover the child and restraint are not recom
m

ended. 

 This consensus-based recom
m

endation is based on expert opinion, taking into account the follow
ing considerations. Sun shades and insect nets have not been 

form
ally studied. Sun shades, insect nets, or other cloths such as m

uslins over the top of a restraint could reduce airflow
 to a child, reduce visibility of the child, and 

m
ake it m

ore difficult to rem
ove the child rapidly in the event of an em

ergency. W
indow

-m
ounted sun-shades are available as an alternative. 
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6.4 Seating position 
 Recom

m
endation 4.1  

Children up to and including 12 years of age should sit in a rear seating position. ,
 

O
verall Evidence Grade 

A 
 Table 19:  Evidence statem

ent supporting recom
m

endation 4.1 

Evidence statem
ent 

Injury risk to children is low
er in the rear seat, irrespective of restraint type   

G
rade 

A 

Com
ponent 

Rating 
N

otes 
Evidence base 

Good 
Thirteen studies (10 based on large population representative sam

ples, 2 cases control studies and 1 laboratory 
study) of III-2 level of evidence have exam

ined the relative protective level of rear versus front seating for children. 
Consistency 

Excellent 
All studies have findings in the sam

e direction, that after controlling for other factors, rear seating offers greater 
protection than front seating to children in the event of a crash.  The only exception is the study by Glass, et al (Glass 
et al., 2000), w

hich w
hile supporting these findings for younger children, reported that for 9-12 year olds in vehicles 

w
ith an airbag, the front seating position offered m

ore protection than the rear seat. 
Public Health Im

pact 
Excellent 

The protective effect of the rear seat, after controlling for other factors, w
as reported to be a 33- 40%

 reduction of 
injury risk, w

ith som
e studies indicating as m

uch as 80%
 if the child is unrestrained. O

ne study found a 21%
 reduction 

in the risk of fatal injury if seated in the rear seat com
pared to the front seat for restrained children. 

Generalisability 
Good 

The num
ber of studies em

ploying large surveillance databases in the U
SA (10), in Australia (1) plus one study based 

on hospital adm
ission in Greece, together w

ith the findings from
 an Australian laboratory study suggest that available 

findings are generalisable to a w
ide range of children. 

Applicability 
Good 

W
hile airbag differences betw

een the U
SA and Australia until the late 1990s indicate that the earlier Am

erican 
studies are not directly applicable to the Australian context, there are 5 U

SA studies post 2005 and 3 other studies 
w

hich all provide evidence directly applicable to the Australian context. 
O

ther factors 
 

 
References 

 
(Partyka, 1988; Johnston et al., 1994; Braver et al., 1998; Giguere et al., 1998; Petridou et al., 1998; Berg et al., 2000; 
Glass et al., 2000; Cum

m
ings et al., 2002; Durbin et al., 2005; Brow

n et al., 2006c; Sm
ith and Cum

m
ings, 2006; Lennon 

et al., 2008; Arbogast et al., 2009c; Sahraei et al., 2009; Bilston et al., 2010; M
a et al., 2012; Durbin et al., 2015)   

 
There are 13 studies, including tw

o w
ell-designed m

atched cohort studies in large population-representative sam
ples w

hich provide strong evidence that children 
at least up to the age of nine, and likely tw

elve, are better protected in the event of a crash if seated in the rear seat rather than the front seat w
hen other factors 
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(such as restraint use, collision type etc.) are controlled for. Glass et al  (Glass et al., 2000) reported that 9-12 year olds w
ith passenger airbags are safer in the front 

seat, but in non-airbag cars children are safer in the rear. Bilston et al (2010) show
ed that 9-16 year olds in new

er vehicles w
ith passenger airbags w

ere safer in the 
rear seat, although the benefit w

as less in new
er vehicles than in older vehicles (Rear to front risk ratio (RFR) = 0.40 95%

CI = 0.37–0.43, for older vehicles (m
odel 

year 1990–1996); RFR 0.69, 95%
 CI = 0.64–0.75  for new

er vehicles (m
odel year 1997-2007) (Bilston et al., 2010)). W

hile restraint type w
as not factored in, a 

surveillance study w
ith large sam

ple size indicated being seated in the rear seat for children 0-8 years reduced the risk of fatal injury by over 70%
 com

pared to sitting 
in a front seat (Durbin et al., 2015)) the sam

e study also reported the risk ratio of fatal injury for 9-12 year olds w
as higher in the rear than the front (1.83, CI 1.18-

2.84) prim
arily due to sm

all fatal risk in front row
 (.1%

) rather than elevated risk in rear. There is one study that suggested that front seated infants <1 year of age 
in child restraints w

ere at low
er risk of non-fatal injury com

pared to optim
al restraint use (M

a et al., 2012) based on w
eighting of a sm

all num
ber of cases in a dataset 

not designed to exam
ine non-fatal injury, so the results should be view

ed w
ith caution. The precise age of the child or size cut-off for rear seating is not w

ell defined.     
 Table 20: Sum

m
ary of articles providing evidence for recom

m
endation 4.1 

Reference 
Study type 

Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

(Arbogast et al., 
2009c) 

Data review
 from

 
insurance claim

s 
database, 

onsite 
crash 

scene 
inspection 

and 
telephone 
survey. 

III-2 
U

SA 
State Farm

 insurance claim
s (Dec 1998 - N

ov 
2007) in 15 states plus DC. Stratified cluster 
sam

ple, by vehicle tow
ed or not tow

ed and level 
of m

edical treatm
ent received by the child (0-16 

years). Passenger vehicles 1998 or new
er. Paired 

inform
ation (crash investigation and survey) for 

518 children (90%
 agreem

ent on child restraint 
use). Interview

 data on 16, 920 children in 10,670 
crashes. 

Injury 
severity: 

AIS 
<2 or 2+. 

Lim
iting 

the 
sam

ple 
to 

new
er 

vehicles 
enabled 

consideration of the im
pact of airbags on the risk of injury 

by seating position. Findings suggested that children 
seated in the rear seat row

(s) w
ere half to tw

o-thirds less 
likely to sustain a severe injury than those in the front 
seat.  Children seated in the rear row

 of the new
er vehicle 

(2003+) had the low
est risk, although it w

as noted that 
there w

ere insufficient num
bers of children seated in the 

front row
 of these new

er vehicles to com
pare the risk. 

Discussion 
notes 

that 
other 

findings, 
presented by Braver (1998), Berg (2000) and 
Durbin (2005) have found a safety benefit 
from

 rear row
 seating. W

hile high degree of 
agreem

ent 
on 

seating 
position 

betw
een 

survey and site investigation - m
ost data w

ere 
self-reported. Sam

ple lim
ited to State Farm

 
custom

ers 
- 

cannot 
be 

generalised 
to 

uninsured vehicles or older vehicles. Data not 
able to shed light on injury m

echanism
s. 

(Berg et al., 
2000) 

Data 
review

 
for 

crash 
surveillance 
system

 

III-2 
U

SA 
5751 children aged <15 years w

ere identified 
from

 state crash database (U
tah) 1992-1996. 

Hospital data linkage to obtain data on diagnosis, 
length of stay, hospital charges. 

Injury 
severity 

(length of stay), cost. 
After controlling for age and restraint use, findings 
indicated that serious injury or fatality risk to a child 
w

as1.7 higher if sitting in the front seat versus the rear 
seat during a crash. Front row

 seating w
as associated w

ith 
only 37%

 the chance of such injuries com
pared w

ith not 
optim

ally restrained regardless of seating position. 
 

Restraint use w
as based on self-report w

hich 
m

ay result in over-reporting.  Database did 
not include cases not reported to the police or 
those on private property and surveillance 
system

 m
ay include som

e data entry errors. 

(Bilston et al., 
2010)  

M
atched 

cohort 
study 

based 
on 

cases from
 large 

surveillance 
system

 

III-2 
U

SA 
This is analysis of the N

ASS database in front 
(passenger and driver) and rear seat occupants, 
large sam

ple, representative of U
S population - 

m
atched cohort  study  com

paring vehicles of 
m

odel year 1990–1996 to new
er vehicles (w

ith 
other 

confounders 
controlled 

for 
including 

occupant age, belt type and intrusion). 

Serious 
injury 

(AIS3+).  
Children aged 9-15 have a low

er risk of serious injury in 
the rear seat in both older and new

er vehicles, although 
the gap has narrow

ed in new
er vehicles. For occupants 

aged 9–15, w
hile there is still benefit in being rear seated 

in new
er m

odel year vehicles (1997–2007) rear to front 
risk = 0.40 (CI = 0.37–0.43), this relative benefit is sm

aller 
than in older vehicles (1990–1996); RFR 0.69 (CI = 0.64–
0.75) for new

er vehicles. W
hile children appear to be 

better protected in the rear seat com
pared to the front 

seat, this w
as not the case w

ith adults in new
er vehicles.   

As the study used a m
atched cohort design, 

vehicles w
ere only included w

hen there w
ere 

both front and rear occupants present, hence 
absolute injury risks w

ere not able to be 
calculated. Cases w

ere excluded w
here the 

occupant w
as unrestrained or had m

issing 
values. Strength of the study design w

as in 
m

atched cohort, so factors relating to the 
crash w

ere largely controlled for. 

(Braver et al., 
1998)  

Data review
 from

 
fatality 
surveillance 
system

. 

III-2 
U

SA 
Data w

ere review
ed for 1988-95 from

 the U
S 

FARS database (police reported crashes in w
hich 

at least one person died) for children 0-12 in. 
O

ver 26000 child cases w
ere included - using 

vehicles from
 1981-96 (airbags w

ere know
n for 

1991-96). 
Variables 

exam
ined 

included 
front 

versus rear seats, restraint use and vehicle size. 
RR exam

ined w
hile controlling for other factors. 

M
ortality rates. 

A 36%
 reduction in the risk of fatal injury w

as observed 
for children in the rear seat com

pared to the front seat. 
Children aged 1-4 years appeared to have the greatest 
benefit from

 rear seating (41%
 reduction). The risk of fatal 

injury w
as 41%

 low
er for children in the rear seat in 

vehicles w
ith a front passenger seat airbag, and a 31%

 
reduction am

ong those w
ithout a passenger seat airbag 

(but w
ith a driver airbag). Looking at only children aged 5-

12 in adult seat belts, those in the rear seats using lap belt 
only w

ere less likely to be fatally injured than those in the 
front seat w

ith shoulder and lap belts. 

The study could not control for the severity of 
crashes, nor did it exam

ine non-fatal crashes. 
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Reference 
Study type 

Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

(Brow
n et al., 

2006c) 
In 

depth 
crash 

study 
III-2 

U
SA 

The Crash Injury Research Engineering N
etw

ork 
(CIREN

) linked crash reconstructions to m
edical 

data. Injuries w
ere lim

ited to Abbreviated Injury 
Scale 

(AIS) 
scores 

of 
3 

or 
higher. 

Crash 
reconstructions 

w
ere 

conducted 
as 

soon 
as 

possible 
follow

ing 
participant 

approval. 
Statistical analyses used Fisher’s Exact test and 
m

ultiple logistic regressions. 

Injury 
pattern 

and 
severity (AIS>=3). 

Data from
 417 children w

ere collected. Children in front-
seat positions w

ere m
ore likely than those in the rear seat  

to sustain severe injury (AIS>= 3) to thoracic (27%
 vs. 17%

; 
O

R 1.7 CI 95%
 1.1-2.8), abdom

inal (27%
 vs. 17%

; O
R 1.7 

CI 95%
 1.0-2.9), pelvic (11%

 vs. 1%
; O

R 10.8 CI 95%
 2.5-

46.3), and orthopaedic  injuries (28%
vs 13%

; O
R 3.3 CI  

95%
 1.9-5.8).   

The sam
ple size 

w
as lim

ited 
due to 

the 
expensive nature of in-depth investigations 

(Cum
m

ings et 
al., 2002) 

Case 
control 

study 
III-2 

U
SA 

Cases (N
 = 20,987) w

ere front seat passengers 
w

ho died, and controls (N
 = 69,277) w

ere a 
sam

ple 
of 

survivors 
– 

from
 

FARS 
database. 

Factors 
exam

ined 
w

ere 
children 

vs. 
adults, 

restrained or unrestrained in the front seat, 
presence of airbag. 

Fatal 
injury 

versus 
not fatal. 

Airbags appeared to offer no reduced risk of death for 
unrestrained passengers in the front seat and a 12%

 
reduction am

ong those w
ho w

ere restrained. Study found 
that airbags m

ay be a hazard to unrestrained children and 
of little benefit to unrestrained adults. Protective effects 
of air bags w

ere lim
ited to restrained teenagers and 

adults. Concluded that children younger than 13 years 
w

ho sit in front of an air bag are at increased risk of dying 
in a frontal crash (RR = 1.22. 1.03 – 1.45) Adjusted RR 1.16  
w

as not significant. 

Study 
covered 

older 
m

odels 
of 

cars 
and 

airbags and few
er restrained children than is 

current 
practice. 

Im
provem

ent 
to 

airbag 
deploym

ent has since reduced som
e of the 

hazards of these earlier m
odels. 

(Durbin et al., 
2005) 

Cross-sectional 
study 

using 
a 

child 
specific 

crash 
surveillance 
system

 

III-2 
U

SA 
Children 0-16 in 15 states w

ho w
ere involved in 

a M
VC over a four year period (Dec 1998-N

ov 
2002) - in cars 1990 or new

er. O
ver sam

pling of 
children presenting for m

edical treatm
ent. Data 

from
 telephone interview

 w
ith driver or proxy 

w
ere included. Seating row

 and restraint use 
(correct and incorrect - w

ith CRS or booster seat 
use 

for 
children 

<9 
years 

w
as 

classified 
as 

"correct"). 
Approx. 

18,000 
children 

w
ere 

included 
in 

the 
sam

ple. 
 

W
eighted 

logistic 
regression w

as used. 

Injury status and by 
severity 

(AIS<2 
and 

2+). 

As age increased the severity of injury to front row
 

passengers 
also 

increased 
(w

ithout 
controlling 

for 
restraint 

type). 
Children 

4-8 
years 

had 
the 

highest 
proportion of inappropriate restraint use. The highest risk 
of injury w

as to unrestrained children in the front seat, 
follow

ed by unrestrained in the back seat. Children in the 
front seat had a 40%

 greater risk of injury, com
pared w

ith 
children in the rear seat (O

R: 1.4; 95%
 CI: 1.2–1.7). The 

effect of seating row
 w

as less than restraint status.  N
o 

restraint use w
as 4.3 tim

es greater for children in the 
front seat. 

Age appropriate restraint use and second (or 
third) row

 seating w
ork synergistically to 

achieve greater safety.  Restraint use and 
seating position relied on driver reporting of 
this inform

ation.  Study did not cover vehicles 
older than 1990 nor uninsured vehicles. 

(Durbin et al., 
2015)   

Retrospective 
longitudinal 
study 

using 
a 

crash 
surveillance 
system

 

III-3 
U

SA 
Analysis of FARS crash database 2007-2012 for all 
vehicles m

odel year 2000 or new
er involved in 

reported 
crash 

and 
N

ational 
Autom

otive 
Sam

pling System
 Crashw

orthiness Data System
 

(N
ASS-CDS) for injury severity AIS 3+.  Analysis 

included (RR) of death for restrained occupants 
in the rear vs. front passenger seat by occupant 
age, im

pact direction, and vehicle m
odel year.  

Serious 
injury 

(AIS 
3+) as w

ell as fatal 
versus not fatal. 

Com
pared w

ith passengers in the front passenger seat, 
the relative risk of death w

as low
er for restrained children 

up to age 8 in the rear (RR = 0.27, 95%
 CI 0.12–0.58 for 0–

3 years, RR = 0.55, 95%
 CI 0.30–0.98 for 4–8 years) but 

w
as higher for restrained 9–12-year-old children (RR = 

1.83, 95%
 CI 1.18–2.84).  There w

as a clear fatality risk 
reduction for restrained children ages 0–8 years in the 
rear seat com

pared w
ith the front seat.   

The type of restraints system
 being used, or 

even the non-use of a restraint, w
as not 

identified. This is a lim
itation as it m

ight be 
expected 

that 
children 

are 
restrained 

differently if sitting in the rear seat than in the 
front seat. All rear seating positions w

ere 
treated the sam

e, so if som
e positions are 

safer than others this w
as not identified in the 

analysis.  
(G

iguere et al., 
1998) 

Sm
all case series 

of 
properly 

restrained 
children 

in 
the 

front 
passenger 

seat 

IV 
Can 

Three 
cases 

w
ith 

physical 
exam

ination 
and 

autopsy 
results 

follow
ing 

m
otor 

vehicle 
accidents w

hile the child w
as seated in the front 

passenger seat. 

Injury type. 
Case 1 – follow

ing a low
 speed crash, the child had 

superficial burns and abrasion to the right zygom
atic 

region, corneal abrasions, and right eye hyphem
a; injuries 

w
ere due to contact w

ith hot gas released from
 the 

airbag. 
Case 2 – The child w

as restrained by only the lap portion 
of the belt in a low

 speed crash. X-rays show
ed a large 

prevertebral hem
atom

a, and type III atlanto-occipital 
dislocation. Patient later died. 
Case 3 – A 3 year old in a booster seat w

as in a 60km
/h 

crash. Brain scans show
ed a subarachnoid haem

orrhage 
w

ith a hem
atom

a anterior to the pons and spinal cord.  
In sum

m
ary: in case 2 a m

inor accident resulted in a fatal 
injury prim

arily due to the airbag. 

U
ncontrolled sm

all case series only. Potential 
selection bias, but dem

onstrates this injury 
m

echanism
. 

(G
lass et al., 

2000) 
Data review

 from
 

fatality 
surveillance 

III-2 
U

SA 
Data w

ere review
ed for 1989-98 (vehicles 1990-

99) from
 the U

S FARS database for fatality 
outcom

e for children 0-12.  Variables exam
ined 

Fatal injury to child. 
Airbags w

ere found to add to the risk of fatality in age 
groups less than 10 year (by 31%

 in restrained children 
and 

unrestrained 
children 

by 
84%

), 
w

ith 
it 

being 

Data 
lim

itations 
inherent 

w
ith 

the 
FARS 

database 
including 

the 
possibility 

of 
m

isclassification of restraint use and lack of 
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Reference 
Study type 

Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

system
 

– 
m

atched 
pairs 

study. 

included 
age 

group 
of 

child, 
driver 

use 
of 

restraint, crash severity, front passenger airbag, 
front versus rear seats, restraint use and vehicle 
size. Logistic regression w

as used to exam
ine the 

RR w
hile controlling for other factors exam

ined.  
M

atched pairs in w
hich both driver and child 

w
ere restrained and those in w

hich both w
ere 

not restrained w
ere also exam

ined (n=1329).  

protective for 10-12 year olds (w
ith a 39%

 reduction in 
risk). Rear seat position offered greater protection than 
front seat in both restrained and unrestrained children 
(21%

 and 29%
 reduction in risk of fatality respectively).  

For 9-12 year olds, the data suggested that front seat 
positioning w

ith an airbag w
as m

ore protective than rear 
seat positioning. 

data on airbag design and factors associated 
w

ith deploym
ent. 

(Johnston et al., 
1994) 

Cross-sectional 
case series - data 
review

 

III-2 
U

SA 
Probability sam

ple of police reported crashes in 
26 states - over a 2 year period. Selected crashes 
in w

hich there w
as one or m

ore child under 15 as 
a passenger (n=16,685) review

ed police data on 
type of restraint and w

hether child w
as injured. 

10,098 children w
ith know

n restraint use. 

Injury 
outcom

es 
to 

children 
as 

passengers 
in 

M
V 

crashes by restraint 
use. N

o attem
pt w

as 
m

ade 
to 

classify 
injury severity. 

Com
pared to children in the back seat, children in the 

front seat have 1.5 tim
es the risk of injury.  The use of a 

car seat reduced injuries by 60%
 for 0-14 year olds, w

hile 
a lap-sash harness w

as only 38%
 effective in reducing 

injuries for 5-14 year olds. 

For children aged 0- 4 (preschool), optim
al 

use w
as defined as police reported use of a 

child safety seat. For the 5- to 14-year-old 
children, shoulder belt com

bination, as that is 
the 

current 
recom

m
endation. 

Any 
other 

restraint usage inducing lap belt or shoulder 
belt alone w

as considered sub-optim
al. 

(Lennon et al., 
2008) 

Data 
review

 
of 

traffic crashes in 
w

hich 
an 

injury 
occurred. 

III-2 
Australia 

Data from
 Victorian traffic crash files for 1993-98 

and 1999-2004 w
ere review

ed for analysis of 
seating position (front vs. rear), restraint use 
(child restraint, seat belt, none), age of child (0-
3, 4-7 and 8-12).  Fatalities w

ere cross-m
atched 

w
ith the N

ational Coroner's Inform
ation System

 
for 2000-2004.  

Injury 
severity: 

serious 
(fatal 

or 
hospitalised), 

m
inor 

or none. 

Data on 30,631 children indicated that being in the front 
seat m

ore than doubles the risk of serious injury am
ong 

0-12 year olds com
pared to being in the back seat. For 

children under 4 years, the risk of serious injury w
as 60%

 
higher for those in the front seat than those in the back 
and for those 12 m

onths of under the risk w
as 3.3 tim

es 
higher in the front than the back seat (not controlling for 
restraint type). For older children the relative risk w

as 
close to unity (1.1 of 4-7 year olds and 0.93 for 8-12 year 
olds). 

The 
fatality 

rate 
w

as 
15.1/1,000 

am
ong 

unrestrained children and 2.4/1,000 am
ong restrained 

children. 

Introduction outlines the difference betw
een 

U
S and Australian restraint use.  M

ost vehicles 
w

ould not have been equipped w
ith front 

passenger seat airbags.  By only classifying 
restraints as child restraint or seat belts, no 
conclusions could be m

ade about appropriate 
use and no differentiation is m

ade betw
een 

belt positioning booster seats and seat belts 
alone. There appears to be no controlling for 
restraint type w

hen com
paring the relative 

risk of front and rear seat positions.  

(M
a et al., 2012)   

Cross-sectional 
study to exam

ine 
association 
betw

een use and 
non-use 

of 
restraints 

and 
injury outcom

e 

III-3 
U

SA 
Retrospective cross-sectional study from

 police 
reported M

VCs involving children from
 0-12 

years in the U
S from

 1996 to 2005. Children w
ere 

grouped into 4 age groups: 0- <1 year, 1-3 years, 
4-7 years and 8-12 years. Logistic regression on 
these grouping w

ith appropriate restraint use, 
inappropriate use and non-use (w

hich included 
w

hether in he correct restraint and seating 
position 

for 
age). 

Potential 
confounders 

considered included characteristics of the child 
passenger, driver, vehicle and crash. 

N
on-fatal 

and 
fatal 

injuries. 
A total of 7633 cases w

ere included. Children w
ith no 

restraint 
use 

experienced 
a 

significantly 
higher 

prevalence 
of 

fatal 
injury 

than 
children 

w
ho 

w
ere 

appropriately restrained in all age groups: <1 year olds 
had an estim

ated 23 tim
es the risk odds of fatal injury 

w
ere significantly greater am

ong unrestrained children 
am

ong 
all 

age 
groups 

(children 
aged 

<1 
year 

old 
O

R=23.79, 95%
CI=1.20-472.72;  1-3 years O

R=21.11, 
95%

CI=4.39-101.57; 
4-7 

years 
O

R=16.24, 
95%

=2/76-
95.54; and 8-12 years 9.81, 95%

 CI 2.05-46.90). 
 Children aged 1 to 3 years w

ho w
ere inappropriately 

restrained had 6.28 tim
es the odds of being fatally injured 

com
pared w

ith those w
ho w

ere appropriately restrained 
after adjustm

ent for potentially confounding factors. 
Children in this age group w

ho w
ere restrained and in the 

rear 
seat 

but 
inappropriately 

restrained 
had 

approxim
ately 12 tim

es the odds of dying com
pared w

ith 
children 

w
ith 

appropriate 
restraint 

use. 
 The odds of a non-fatal injury for front seated infants 
appropriately restrained w

ere reduced by 74%
 com

pared 
w

ith rear-seated appropriately-restrained infants. 

Vehicles and restraints in this study are now
 

13-20 years old so current m
odels of both 

m
ay 

have 
quite 

different 
injury 

risks 
associated w

ith them
. Due to data lim

itations, 
the authors w

ere not able to determ
ine if the 

restraints w
ere correctly installed. 

(Partyka, 1988) 
Retrospective 
review

 of crashes 
using a m

atched 
pairs technique 

III-2 
U

SA 
FARS surveillance system

 - covering the period 
1982-87 in w

hich there w
ere 7060 vehicles 

included on the reporting system
.  Looking at 

children under 5 years of age, m
atched pairs - 

based on restraint usage by driver and child 
occupant and fatality ratios w

ere calculated.   

Fatal 
vs. 

non-fatal 
injuries.  

Based on the fatality ratios it w
as estim

ated that children 
w

ere 50%
 less likely to be killed if they w

ere in a child 
restraint. W

hen fatality ratios w
ere applied to front 

versus rear seating of the child w
ho is restrained, it w

as 
found a 33%

 reduction in chance of a fatal injury of the 
child is in the back seat.  The effectiveness of a CRS w

as 

O
ld study - m

any changes to recom
m

ended 
restraints since 

1980's.  Assum
ptions 

are 
m

ade about correct restraint use, and that 
driver fatality w

as indicative of the risk of 
fatality for the child occupant. 
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Reference 
Study type 

Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

52%
 in avoiding a fatal injury after controlling for seating 

position.  Effectiveness of restraints: for infants in CRSs 
w

ere 69%
, toddlers (1-4 years) in CRSs w

ere 47%
 and 

toddlers in adult belts w
ere 36%

. 
(Petridou et al., 
1998) 

Case 
control 

study. 
III-2 

G
REECE 

A random
 sam

ple of child (0-11 years) in M
VC 

cases presenting to 2 m
ajor children’s hospitals 

in G
reece in 1996 (n=129).  Review

 of hospital 
records and survey w

ith parents.  Controls w
ere 

from
 an observational survey of restraint use at 

20 sites in and around Athens. N
= 191 child 

occupants 
(0-11 

years 
old). 

Interview
s 

w
ith 

parent/guardian.  A 40 day observational survey 
of restraint use via inspections.  

Injury Severity Score.  
Com

parison 
betw

een 
cases 

and 
controls on restraint 
use, seating position, 
and age of child (<5 
or 5+). 

Child restraint system
 used by less than one third of 

children under five.  This group w
as at 3.3 tim

es the risk 
of injury if not in a restraint.  Front seating increased the 
risk of injury five-fold. 

Sam
ple 

size 
lim

itations 
reduced 

the 
opportunity to exam

ine interaction effects of 
restraints and seating positions by age group. 
Population controls are not able to exam

ine 
effectiveness of restraints in a crash situation 
- just the proportion that are likely to be using 
them

.  Little inform
ation available on the type 

of restraints being used. 

(Sahraei et al., 
2009) 

Data review
 from

 
tw

o 
surveillance 

system
s: on fatal 

crashes 
(FARS) 

and 
tow

-aw
ay 

crashes based on 
police 

reports 
(N

ASS CDC). 

III-2 
U

SA 
Frontal crashes w

ith no roll-over w
ere included 

w
here restraints w

ere used properly or not used 
at all (im

proper use w
ere excluded).  Age groups 

w
ere 0-8, 9-15 and tw

o adult age groups. For 
fatal 

crashes 
(1991-2007) 

a 
double 

paired 
com

parison approach w
as em

ployed: each w
as 

w
ith 

restrained 
driver 

and 
either 

a 
front 

passenger or a back seat passenger.  Tow
-aw

ay 
crashes (1993-2007) w

ere exam
ined and logistic 

regression conducted. 

Fatal 
injuries 

and 
those w

ith a severity 
score of M

AIS= 2+. 

Findings indicated that rear seat positioning is m
ost 

advantageous for children under 8 year’s old, providing 
63%

 reduction in risk of a fatal injury for unrestrained 
children and a 47%

 reduction for restrained children. 

W
hile m

odel year w
as exam

ined (front seat 
versus back seat) this w

as not done by age 
group so the im

pact on children cannot be 
seen. 

The 
non-fatal 

injuries 
in 

the 
N

ASS 
database w

ere not reported by age group - so 
the front seat versus rear seat difference is 
not reported for children. 

(Sm
ith and 

Cum
m

ings, 
2006) 

Data review
 from

 
surveillance 
system

 (FARS) 

III-2 
U

SA 
All 

fatal 
crashes 

from
 

1990-2001. 
 

Seating 
positions exam

ined w
ere front right (passenger) 

or back right and left and consideration of airbag 
presence - by year and m

odel of car - if not 
reported. 

Restraint 
use 

w
as 

classified 
as 

restrained or not. Age categories for children 0-
4, 5-12, 13-18 plus adults. 

Fatal 
injury 

(w
ithin 

30 days of the crash). 
The risk of death w

as found to be 21%
 low

er for 
passengers 

in 
the 

rear 
seat, 

particularly 
for 

child 
passengers (approx. half the risk RR=0.47). Seated in the 
front seat w

ith restraint and airbag is no different risk 
than in the rear seat w

ith just a restraint. N
o indication of 

increased risk for children in the front seat if restrained. 

Did not report on 0-4 year olds separately - 
only less than 13 years as a w

hole. O
thers to 

consider seating position for children w
ere 

Braver (1998), Berg (2000) and Durbin (2005) 
- consistent finding of low

er injury risk in the 
rear seat. 
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Consensus Based 
Recom

m
endation 4.2 

W
hen deciding on the position of a child using a child restraint or booster in the rear seat, the m

ost appropriate choice 
of seating position w

ill have as m
any of the follow

ing attributes as practicable: 
1. 

The anchorage points needed for the child restraint (top tether anchorage and ISO
FIX low

er anchorage points 
if relevant) are available for the restraint. 

2. 
There are no potential interactions w

ith other child restraints installed, such as a top tether strap from
 a child 

seated in front, or space required for other restraints. 
3. 

For children in seat belts or booster seats, the seat belt buckle is readily accessible. 
4. 

If lim
ited lap-sash seat belts are available, that position should be prioritised for children in booster seats or 

seat belts alone before those in a rearw
ard or forw

ard facing child restraint. 
5. 

The top tether strap is not able to fall off the side of the seat back or into a gap betw
een seat back sections 

such as if there is a split-folding seat. 
6. 

The seating positions and restraint types do N
O

T com
prom

ise the safety needs of other occupants in the rear 
seat. 

7. 
Easy and safe access to the child restraint, for the parent to correctly secure the child in the restraint.  

8. 
Easy and safe entry and exit of the child from

 the vehicle on the kerb side of the vehicle. 
 

 This consensus-based recom
m

endation is based on expert opinion, taking into account the follow
ing considerations. Com

parative studies of centre rear versus 
outboard seating positions for child restraint system

 (CRS) users show
 low

er risk in the centre rear position (Kallan et al., 2008; Arbogast et al., 2010), but the first 
of these studies did not control for the category of child restraint. The latter study exam

ined side im
pact crashes, and show

ed that the centre rear seat w
as safer. 

How
ever, the restraint types used in these studies largely do not use top tethers and are not subject the side im

pact protection requirem
ents that are in place in 

Australia, so the applicability of these studies to the Australian context is likely to be very lim
ited. A recent study exam

ining severe injuries in the rear seat am
ong 

children up to age 17, show
ed a substantially higher risk of serious head injury in the centre rear position, providing conflicting evidence about centre rear seat 

safety (Stew
art et al., 2013). W

hile the kerb side position has been suggested to have low
er potential for injury to either parent or child w

hile entering or exiting the 
vehicles from

 the roadw
ay, there is no form

al data on injuries under this condition. O
n the other-hand there is one U

S study that found children seated behind the 
driver have a slightly (8.1%

) low
er fatality risk than those seated behind the front passenger (Viano and Parenteau, 2008), but that study did not control for the type 

of restraint used by the child. Sled tests of side-im
pacts and Q

6 ATD w
ith FFCR found highest injury values w

hen the booster seat w
as behind the driver seat (Tylko 

et al., 2015). This evidence base is insufficient for m
aking recom

m
endations for specific seating position. In addition, practical constraints around fitting m

ultiple 
children in the vehicle, w

hether the specific design of the rear seat is suitable for a child restraint and tether installation (if the seat can fold) and ease of correctly 
securing the child in the restraint need to be considered in each case. That is, at a population level, being seated in the centre position m

ay be safer for child restraint 
users, but the evidence base is w

eak. How
ever, w

hen fitting a child restraint, all relevant safety issues should be considered and individual circum
stances m

ay 
outw

eigh general considerations.   
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W
hile no studies identified address this directly, there is concern am

ong experts that if a vehicle has a split-fold rear seat, a top tether strap could fall into the gap 
betw

een seatback sections, and thus fail to adequately restrain the child in a crash. A w
arning regarding this is required in instruction books for all child restraints 

using a top tether under AS/N
ZS 1754 O

ne recent sled testing study indicated that there m
ay be elevated risk of head injury for RFCRs in 3

rd row
 seats, due to the 

narrow
 clearance and increased risk of head im

pacts w
ith the seat in front (Tylko, 2011) but there is no published real-w

orld data on this issue. 
 

For fam
ilies w

ith m
ore than one child, the location of each restraint is likely to be influenced by how

 w
ell the restraints fit in different seating positions, and how

 the 
restraints fit relative to each other, and also how

 easily seat belt buckles (for seat belt or booster seat users) can be accessed for correct use of the restraints. In 
addition, child restraints (including m

any booster seats) that have tether straps m
ust be installed in seating positions w

ith top tether anchorage positions. In 
Australian vehicles w

ith m
ore than one row

 of seats, these are only available in the rear seat. W
hen carrying m

ultiple children in a vehicle, the needs of all children 
and correct installation of the restraints used by those children need to be considered together.  

 
N

o studies of the safety of entering and exiting from
 the vehicle w

ere identified. The follow
ing factors w

ere considered: children entering or exiting the vehicle in 
the roadw

ay m
ay be at risk of being struck by passing traffic, parents fastening children in child restraints positioned in roadw

ay side outboard seating positions m
ay 

be at risk of being struck by passing traffic. 
 Consensus Based 

Recom
m

endation 4.3 

 W
hen deciding on the position of a child using adult seat belts in the rear seat, these issues should be considered: 

1.  
W

hether there is a lap-sash seat belt in the target seating position. 
2.  

Q
uality of the seat belt fit in different seating positions due to the seat shape and seat belt anchorage 

locations. 
3.  

Ease of access to the seat belt buckle if other children using child restraints are in the rear seat. 
4.  

Ease and safety of the child’s entry and exit from
 the vehicle. 

 This consensus-based recom
m

endation is based on expert opinion, taking into account the follow
ing considerations. There is no clear evidence regarding the overall 

safest seating position in the rear seat. O
ne study using a U

S fatality database show
s that for all children aged up to 7 years, the centre rear position had the low

est 
risk of death (Viano and Parenteau, 2008), how

ever, this study does not control for type of restraint used, and is not directly applicable to older children using seat 
belts that are the subject of this recom

m
endation. A recent study exam

ining severe injuries in the rear seat am
ong children up to age 17, show

ed a substantially 
higher risk of serious head injury in the centre rear position (Stew

art et al., 2013) suggesting the centre rear seating position is less safe, in contrast to previous 
assum

ptions. How
ever, the absolute num

ber of injured seat belt users w
as sm

all. Children in the centre rear seat using a lap-sash seat belt are further aw
ay from

 
intruding structures in a side im

pact, and this is expected to reduce their risk of serious injury, if the centre rear position has only a lap-only seat belt, the lap-sash 
seat belt in the kerb outboard position is likely to provide better upper torso restraint and thus reduce the risk of lum

bar spine, abdom
inal and head injuries due to 

excessive forw
ard flexion in frontal crashes (Anderson et al., 1991; Henderson, 1994; Lane, 1994; Henderson et al., 1997; Gotschall et al., 1998b; Lapner et al., 2001; 

Levitt, 2005; Ghati et al., 2009; Kirley et al., 2009)  w
hich is expected to outw

eigh the potential benefits of the centre rear seating position during side crashes, since 
frontal crashes are m

ore com
m

on. Children entering or exiting the vehicle in the roadw
ay m

ay be at risk of being struck by passing traffic. If a fam
ily has m

ultiple 
children, som

e using child restraints and som
e using seat belts, then practical considerations of restraint fit m

ay influence the choice of seating position of each child 
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w
ithin the rear seat. The seat belt geom

etry and vehicle seat contours m
ay also influence the seat belt fit in the outboard seating positions com

pared to the centre 
rear seat. 
 Consensus Based 

Recom
m

endation 4.4 
If seating a child up to and including 12 years of age in the front seat is unavoidable, the child should be correctly 
restrained in the appropriate restraint, and the front seat should be adjusted as far back as possible. 

 This consensus-based recom
m

endation is based on expert opinion, taking into account the follow
ing considerations. W

hile evidence strongly supports the rear 
seating position of children up to and including 12 years of age, there m

ay be circum
stances in w

hich front seating of a child is unavoidable, due to the rear seats 
being occupied by younger children. If (and only if) their age appropriate restraint can be correctly installed in the front seat, then pushing the front seat back m

ay 
help to m

inim
ise any risks associated w

ith interaction w
ith the front passenger airbag (Giguere et al., 1998). The potential encroachm

ent on a rear seat passenger 
behind should also be considered, ensuring the front passenger seat is not m

aking contact w
ith the child restraint or seated passenger behind it. There is no evidence 

to indicate w
hat a safe clearance in the rear seat is in this circum

stance. 
 6.5 U

se of child restraints in airbag-equipped seating positions and other active safety devices 
 Airbags are pyrotechnic devices designed to inflate rapidly in crashes, and be interposed betw

een an occupant and rigid structures of the vehicle and/or intruding 
structures to m

inim
ise injury. They control the occupant’s decelerations and have been show

n to reduce serious head injuries in adult occupants. Front seat airbags 
have been designed to protect adult occupants, and since the m

id 1990s, it has been advised that children not be seated near active airbags. M
ore recently side 

airbags, including torso airbags and curtain airbags have becom
e m

ore com
m

on in later m
odel vehicles to provide additional protection in side im

pacts. Curtain 
airbags often cover the rear seat occupants as w

ell as the driver and front passenger. Here, w
e consider each type of airbag separately. Seat belt pretensioners are 

active safety devices that operate w
hen a crash is sensed to rem

ove slack in a seat belt in the early stages of a crash. They often include a com
ponent that lim

its the 
m

axim
um

 force that the seat belt applied to the chest (a load lim
iter). They are increasingly com

m
on in the front and rear seat of vehicles. Here, w

e consider each 
type of airbag and seat belt pretensioners separately. Vehicle m

anufacturers provide guidance on airbag safety in the user m
anuals. 

 Recom
m

endation 5.1  
Rearw

ard facing child restraints are not recom
m

ended to be used w
here an active front passenger airbag is installed.  

O
verall Evidence Grade 

C 
 Table 21: Evidence statem

ent supporting recom
m

endation 5.1 

Evidence statem
ent 

O
lder airbags led to sm

all num
ber of cases of fatal injury in RFCRs   

G
rade 

C 
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Com
ponent 

Rating 
N

otes 
Evidence base 

Poor 
There are three studies reporting case series reporting that infants in RFCRs w

ere injured or killed as a result of front 
passenger air bag deploym

ents in the U
SA. These studies do not use control groups of children not exposed to 

airbags, and there is thus potential for bias due to case selection.  
Consistency 

Good 
All field studies are consistent in finding that children in rearw

ard facing infant restraints can be at high risk of serious 
or fatal injury if directly exposed to front passenger airbag deploym

ent. O
ne laboratory study suggested that the risk 

from
 a single m

odern airbag design w
as no greater than w

ith no airbag, but absolute injury risk w
as high for both, 

and recom
m

ended rear seat positioning. 
Public Health Im

pact 
Satisfactory 

Front seat positioning of RFCRs in Australian vehicles is rare, but potential consequences are serious. 
Generalisability 

Satisfactory 
Cases are draw

n from
 a w

ide range of crashes in the U
SA, in older vehicles w

ith 1
st generation passenger airbags that 

w
ere not typically installed in Australian vehicles. 

Applicability 
Satisfactory 

All studies are from
 the U

SA, and m
ost injuries w

ere in older vehicles w
ith different airbag designs to those used in 

Australian vehicles. N
o sim

ilar injuries have been reported in Australia, but front seating of infant restraints is rare 
due to the requirem

ent for top tether anchorages, w
hich are installed in the rear seat. 

O
ther factors 

 
There have been governm

ent investigations in the U
SA, leading to m

andatory w
arnings in vehicles. 

References 
 

(CDC, 1995; N
ational Transportation Safety Board, 1996) plus case reports:  (Giguere et al., 1998; Cum

m
ings et al., 

2002; Durbin et al., 2002)   
 There have been approxim

ately 50 infant fatalities in the U
SA w

here RFCRs w
ere installed in the front passenger position and the child’s head or the restraint w

as 
directly im

pacted by a deploying passenger airbag (Giguere et al., 1998; M
arshall et al., 1998) , largely in the 1990s. Since this tim

e, it has been recom
m

ended by 
road safety stakeholders that children in RFCRs not be seated in front seating positions, and all vehicles w

ith front passenger airbags carry m
andatory w

arnings to 
this effect. There have been changes to airbag designs to reduce the force of inflation and the direction of airbag deploym

ent in the last 15 years since these injuries 
occurred, and there is evidence that this has reduced injury risk for restrained children (O

lson et al., 2006), but that study sam
ple is dom

inated by forw
ard facing 

restraints (FFCRs, boosters, and seat belt). N
o sim

ilar injuries have been reported in Australia. In Australian vehicles w
ith 2 row

s of seats, there are no top tether 
anchorages in front seating positions for vehicles, w

hich m
akes the practice of placing RFCR in front seats uncom

m
on. There are, how

ever, utility vehicles on the 
m

arket w
ith only one row

 of seats, and these can have child restraint anchorages in the front passenger seats. In these vehicles it is possible to install a RFCR. O
ne 

laboratory study in Australia  (Suratno et al., 2009b) show
ed that a passenger airbag did not exacerbate the existing head injury risk for a single design of RFCR 

installed in the front seat, but that the absolute head injury risk for either airbag or non-airbag case w
as high, and thus installation of a RFCR in the front seat is not 

recom
m

ended. 
 

In light of the know
n risks (albeit in U

S vehicles w
ith different airbag designs), and in the absence of data to show

 that this risk has been m
itigated by changes to 

airbag designs, consensus w
as reached by the technical drafting group that RFCRs should not be installed in front seating positions w

here a passenger airbag is 
installed.  
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Table 22: Sum
m

ary of articles providing evidence for recom
m

endation 5.1 
Reference 

Study type 
Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

(CDC, 1995) 
Sm

all 
case 

series of child 
passengers 

in 
fatal 

crashes 
involving 

air-
bag 
deploym

ent 

IV 
U

SA 
Three cases describing the occurrence of fatal 
injuries 

as 
a 

result 
of 

airbag 
deploym

ent 
follow

ing a m
otor vehicle crash. 

Injury – fatal 
Case 1 – an unrestrained 5-year-old seated in the front 
passenger seat sustained a fatal skull fracture follow

ing 
contact w

ith the airbag, and subsequently, the roof of the 
vehicle follow

ing . 
Case 2 – an infant seating in a rear RFCR in the front seat 
sustained 

m
ultiple 

skull 
fractures 

and 
skull 

injuries 
follow

ing 
low

 
speed 

(23 
m

iles 
per 

hour) 
airbag 

deploym
ent. 

Case 3 – an unrestrained 6-year-old seated in the front 
passenger seat died from

 a brain injury caused by blunt 
force traum

a follow
ing airbag deploym

ent. 

U
ncontrolled sm

all case series only. O
lder 

m
odels of cars and airbags and few

er 
restrained children than is current. 

(Cum
m

ings et al., 
2002) 

Case 
control 

study 
III-2 

U
SA 

Cases (N
 = 20,987) w

ere front seat passengers 
w

ho died, and controls (N
 = 69,277) w

ere a 
sam

ple of survivors – from
 FARS database. 

Factors exam
ined 

w
ere children vs. adults, 

restrained or unrestrained in the front seat, 
presence of airbag. 

Fatal injury versus not 
fatal. 

Airbags appeared to offer no reduced risk of death for 
unrestrained passengers in the front seat and a 12%

 
reduction am

ong those w
ho w

ere restrained. Air bags in 
cars from

 m
odel years 1989 through 1997 w

ere associated 
w

ith a net increase in the risk of death for young children 
in all crashes. Study found that they m

ay be a hazard to 
unrestrained children and of little benefit to unrestrained 
adults. Protective effects of air bags w

ere lim
ited to 

restrained teenagers and adults. Concluded that children 
younger than 13 years w

ho sit in front of an air bag are at 
increased risk of dying in a frontal crash (RR = 1.22.  95%

 
CI = 1.03 – 1.45) Adjusted RR 1.16 w

as not significant. 

O
lder m

odels of cars and airbags and 
few

er restrained children than is current. 
Im

provem
ent to airbag deploym

ent has 
since reduced som

e of the hazards of 
these earlier m

odels. 

(Durbin et al., 
2005)  

Retrospective 
case review

 
III-3 

U
SA 

Cases 
collected 

by 
the 

Partners 
for 

Child 
Passenger Safety study betw

een January 1998 
and N

ovem
ber 2001 using a stratified cluster 

sam
pling m

ethodology. All cases involve at least 
one 

child 
under 

the 
age 

of 
16. 

Follow
ing 

identification of a crash, a telephone interview
 

and a crash investigation w
ere conducted. 

 

Injury risk.  
The population of children at risk of exposure to a 
passenger air bag included 12.3%

 of all children involved 
in a m

otor vehicle crash. Am
ong children exposed to a 

passenger airbag, 14%
 suffered serious injuries vs. 7.5%

 of 
those in the com

parison group (O
R 2.0, 95%

 CI 1.1-3.7; 
Adjusted O

R 1.9, 95%
 CI =1.1-3.4). A trend w

as identified 
tow

ards higher risk of head injury w
ith airbag exposure 

(O
R 1.7, 95%

 CI =0.9-3.4). 

N
o 

fatalities 
w

ere 
found 

in 
the 

PAB 
(passenger air bag) group. Lim

itations are 
that w

hile crash database w
as collected 

prospectively, airbag exposed cases w
ere 

extracted retrospectively. 

(G
iguere et al., 

1998) 
Sm

all 
case 

series 
of 

properly 
restrained 
children in the 
front 
passenger seat 

IV 
Canada 

Three cases w
ith physical exam

ination and 
autopsy 

results 
follow

ing 
m

otor 
vehicle 

accidents w
hile the child w

as seated in the front 
passenger seat. 

Injury type. 
Case 1 – follow

ing a low
 speed crash, the child had 

superficial burns and abrasion to the right zygom
atic 

region, corneal abrasions, and right eye hyphem
a; injuries 

w
ere due to contact w

ith hot gas released from
 the airbag. 

Case 2 – The child w
as restrained by only the lap portion 

of the belt in a low
 speed crash. X-rays show

ed a large 
prevertebral hem

atom
a, and type III atlanto-occipital 

dislocation. Patient later died. 
Case 3 – A 3 year old in a booster seat w

as in a 60km
/h 

crash. Brain scans show
ed a subarachnoid haem

orrhage 
w

ith a hem
atom

a anterior to the pons and spinal cord.  
In sum

m
ary: in case 2 a m

inor accident resulted in a fatal 
injury prim

arily due to the airbag. 

U
ncontrolled 

sm
all 

case 
series 

only. 
Potential selection bias, but dem

onstrates 
this injury m

echanism
. 
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Reference 
Study type 

Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

(N
ational 

Transportation 
Safety Board, 
1996) 

Detailed crash 
investigation – 
em

ploying 
sequential 
sam

pling 

IV 
U

SA 
U

S in-depth analysis of 120 accidents involving 
at least one vehicle in w

hich there w
as a child 

passenger younger than age 11 and in w
hich at 

least one occupant w
as transported to the 

hospital.  Age quota-based sam
ple designed to 

be representative of population, 207 children.  
Exam

ined collision type, restraint use.  Also 
exam

ined incorrect use and com
binations, but 

num
bers are sm

all so statistical analysis w
as not 

done. 

Injury 
– 

severity 
defined or fatal. 

207 children in these 120 crashes, 43 unrestrained.  13 
children exposed to passenger airbags, 2 uninjured and 4 
injured,  7 w

ere killed; m
entions another 17 child fatalities 

caused by passenger airbag from
 separate data source. 

Four 
w

ere 
in 

RFCR, 
all 

had 
skull 

fractures. 
In 

chld 
restraints, “the children in low

 to m
oderate severity 

crashes w
ho w

ere in appropriate restraints sustained less 
serious 

injuries 
than 

the 
children 

w
ho 

w
ere 

in 
inappropriate restraints”. Also exam

ined incorrect use 
and com

binations, but num
bers are sm

all so statistical 
analysis w

as not done, but injuries m
ore com

m
on in 

suboptim
al restraint use, and injury severity low

er in 
optim

ally restrained children. 

Frequencies 
and 

analysis 
of 

crash 
inform

ation – no calculation of RR. Low
 

num
bers of air bag involved cases.  M

ostly 
an exploratory study and now

 quite dated, 
considering 

vehicle 
and 

airbag 
design 

m
odifications since then. 

  Consensus Based 
Recom

m
endation 5.2 

Forw
ard facing child restraints and booster seats are not recom

m
ended to be used in front seating positions w

here an 
active front passenger airbag is installed.  

 This consensus-based recom
m

endation is based on expert opinion, taking into account the follow
ing factors and inform

ation. There is no Australian injury data on 
the safety of FFCRs in front seats, as in Australian vehicles w

ith tw
o row

s of seats, there are no top tether anchorages in front seating positions that are required for 
child restraint installation, w

hich m
akes this practice unusual com

pared to other countries w
here top tether straps are not alw

ays required. There are a sm
all num

ber 
of studies w

hich include cases of children in FFCRs and booster seats in front seating positions w
ho sustained airbag-related injuries (Giguere et al., 1998; Lueder, 

2000; Durbin et al., 2002; Durbin et al., 2003). A single laboratory study has indicated that a m
odern airbag in a single m

odern vehicle from
 a single m

anufacturer 
m

ay pose m
inim

al injury risk to FFCR occupants (Suratno et al., 2009b).  The applicability of these studies to Australia is lim
ited as they w

ere largely restrained in 
untethered forw

ard facing restraints w
hich are not used here.  Further research is required on this issue. 

 Consensus Based 
Recom

m
endation 5.3 

If it is unavoidable to seat a child in a forw
ard facing restraint or booster seat in a seating position w

here an active 
front passenger airbag is installed, the front seat should be pushed as far back as possible. 

 There are utility vehicles on the m
arket in Australia w

ith only one row
 of seats, and these can have child restraint anchorages in the front passenger seats, in w

hich 
is it possible to install a FFCR or tethered booster seat. W

hen front seating of a child in a restraint is unavoidable (e.g. in a car w
ith only one row

 of seats or w
hen all 

rear seats are occupied by younger children), it w
as concluded that the vehicle seat should be placed as far back in its travel as possible to m

axim
ise distance betw

een 
the child and the airbag. O

ne U
S study (Giguere et al., 1998) recom

m
ends pushing seat back as far as possible to m

inim
ise child-airbag interaction if seating in this 

position is unavoidable, and this w
ould be applicable to untethered booster seats in Australia. In a vehicle w

ith m
ore than one row

 of seats, consideration should 
also be given to encroachm

ent on the rear passenger(s) space. There is very lim
ited data on children in booster seats in front seating positions, and international 
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data is of lim
ited applicability to the Australian context because all booster seats over 2kg in Australia require the use of a top tether, unlike overseas restraints.  

Further research is required on this issue. 
 Recom

m
endation 5.4  

It is not recom
m

ended that children up to and including 12 years of age be seated in the front seat of vehicles w
here 

active airbags are installed. 

O
verall Evidence Grade 

C 
 Table 23: Evidence statem

ent supporting recom
m

endation 5.4 
Evidence statem

ent 
1. 

Children under 13 in the front seat are:  
a. 

at greater risk of injury than adults due to air-bag deploym
ent  

b. 
at low

er risk of serious injury and death in the rear seat than in the front seat w
ith a passenger airbag   

2. 
How

ever, there have been no reported deaths in seat belt w
earing children due to frontal airbag deploym

ent 
(see corresponding references) 

G
rade 

C 

Com
ponent 

Rating 
N

otes 
Evidence base 

Satisfactory 
Bilston et al (2010)(Bilston et al., 2010) show

ed that children in airbag-equipped cars are safer in the rear seat, w
hile 

adults are safer in the front seat. Glass, how
ever, found that children 9-12 years of age in the front seat w

ith an 
airbag w

ere at the sam
e risk of death as those in the rear seat, i.e. the airbag w

as not detrim
ental for this group of 

children (Glass et al., 2000).  
Consistency 

Good 
Studies tend to have consistent findings or findings that show

 no increased risk, for younger age groups, but less 
clear for older children. 

Public Health Im
pact 

Satisfactory 
W

hile different studies assessed slightly different things (age or size) – increased risk of serious injury to children 
under 13 years due to airbag deploym

ent w
as around 16%

 (Cum
m

ings et al., 2002).    
Generalisability 

Good 
Studies are large, and include a broad range of children and ages, and are thus generalisable to the w

hole child 
passenger population. 

Applicability 
Satisfactory 

U
S studies are only partially applicable because of different airbag design for earlier m

odel cars, but the studies in 
new

er vehicles, and the large Australian study, albeit lim
ited to Victoria (Lennon et al., 2008) is applicable. 

O
ther factors 

 
 

References 
 

1     a. (Cum
m

ings et al., 2002; Arbogast et al., 2005; New
gard and Lew

is, 2005) 
  b. (Durbin et al., 2002; O

lson et al., 2006; Sm
ith and Cum

m
ings, 2006; Bilston et al., 2010) 

2.  (Lennon et al., 2008)   
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Several studies have show
n that for younger children aged up to approxim

ately 12-14 years (study age groups differ), front passenger airbags increase the risk of 
serious injury for front-seated child occupants. Airbag-associated risk of injury is age-dependent, w

ith studies show
ing older children m

ay benefit from
 the presence 

of a front passenger airbag, although m
ost studies still find the risk of injury to be low

er in the rear seat than in the front seat w
ith a passenger airbag up to 

approxim
ately 16 years of age e.g. (Bilston et al., 2010). There is one exception, w

hich show
ed that fatality risk for 9-12 year olds is sim

ilar in the front seat in the 
presence of an airbag to the rear seat (Glass et al., 2000). Taken together, these studies provide a consistent evidence base for recom

m
ending rear seating in children 

up to and including 12 years old, w
hen a passenger airbag is present. The evidence for children aged 13-16 is less clear, w

ith one study grouping them
 w

ith 9-12 year 
olds and show

ing a benefit of rear seating in the presence of passenger airbags (Bilston et al., 2010) but other studies do not provide definitive evidence on this 
question. 
 Table 24: Sum

m
ary of articles providing evidence for recom

m
endation 5.4 

Reference 
Study type 

Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

(Arbogast et al., 
2005) 

Cohort study – 
surveillance 
system

 
plus 

interview
 

III-2 
U

SA 
A probability sam

ple of 1781 children (3-15 
years) w

earing a seat belt in the front seat 
passenger 

position 
of 

car 
w

hen 
an 

airbag 
deployed 

during 
a 

frontal 
crash. 

4 
years 

surveillance (Dec 1998-N
ov 2002). A validated 

telephone interview
 w

as conducted w
ith the 

driver. 
The 

study 
sam

ple 
w

as 
w

eighted 
according 

to 
each 

subject’s 
probability 

of 
selection, 

w
ith 

analyses 
conducted 

on 
the 

w
eighted sam

ple. O
R w

as adjusted for child’s 
age, crash severity and vehicle type. 

Risk of serious injury 
(AIS 

>2 
and 

facial 
injuries/ lacerations). 

The risk of serious injury for restrained children in the 
front passenger seat w

as reduced by 41%
 w

ith the 
new

er (second-generation) airbags (Adjusted O
R=0.59, 

95%
CI= 0.36-0.97). In raw

 term
s, 14.9%

 of children w
ith 

older style airbags incurred this level and type of injury 
com

pared w
ith 9.9%

 of those w
ith the new

er, m
ore 

gently deploying style.  W
hile not reaching statistical 

significance, there w
ere few

er injuries to all body 
regions except the abdom

en in the second-generation 
group. There w

ere no fatalities in either group. 

O
nly children in a seat belt w

ere included – 
so im

pact of airbag type on children in CRS 
w

as not identified. Cases w
ith no airbag w

ere 
not included so the benefit of an airbag in 
these instances w

as also not identified. Som
e 

potential for reporting bias on restraint use. 

(Bilston et al., 
2010)  

M
atched 

cohort 
study 

based on cases 
from

 
large 

surveillance 
system

 

III-2 
U

SA 
This is analysis of the N

ASS database in front 
(passenger and driver) and rear seat occupants, 
large sam

ple, representative of U
S population - 

m
atched cohort study com

paring vehicles of 
m

odel year 1990–1996 to new
er vehicles (w

ith 
other 

confounders 
controlled 

for 
including 

occupant age, belt type and intrusion). 

Serious injury (AIS3+).  
Children aged 9-15 have a low

er risk of serious injury in 
the rear seat in both older and new

er vehicles, although 
the gap has narrow

ed in new
er vehicles. For occupants 

aged 9–15, w
hile there is still benefit in being rear 

seated in new
er m

odel year vehicles (1997–2007) rear 
to front risk (RFR) = 0.40 (CI = 0.37–0.43), this relative 
benefit is sm

aller than in older vehicles (1990–1996); 
RFR 0.69 (CI = 0.64–0.75) for new

er vehicles. W
hile 

children appear to still be better protected in the rear 
seat com

pared to the front seat, this w
as not the case 

w
ith adults.   

As the study used a m
atched cohort design, 

vehicles w
ere only included w

hen there w
ere 

both front and rear occupants present, hence 
absolute injury risks w

ere not able to be 
calculated. Excluded w

ere cases w
here the 

occupant w
as unrestrained or there w

ere 
m

issing values for the variables of interest. 
Strength of the study design w

as in m
atched 

cohort so factors relating to the crash w
ere 

largely controlled for. 

(Cum
m

ings et al., 
2002) 

Case 
control 

study 
III-2 

U
SA 

Cases (N
 = 20,987) w

ere front seat passengers 
w

ho died, and controls (N
 = 69,277) w

ere a 
sam

ple of survivors – from
 FARS database. 

Factors exam
ined w

ere children vs. adults, 
restrained or unrestrained in the front seat, 
presence of airbag. 

Fatal injury versus not 
fatal. 

Airbags appeared to offer no reduced risk of death for 
unrestrained passengers in the front seat and a 12%

 
reduction am

ong those w
ho w

ere restrained. Air bags 
in cars from

 m
odel years 1989 through 1997 w

ere 
associated w

ith a net increase in the risk of death for 
young children in all crashes. Study found that they m

ay 
be a hazard to unrestrained children and of little benefit 
to unrestrained adults. Protective effects of air bags 
w

ere 
lim

ited 
to 

restrained 
teenagers 

and 
adults. 

Concluded that children younger than 13 years w
ho sit 

in front of an air bag are at increased risk of dying in a 
frontal crash (RR = 1.22, CI = 1.03 – 1.45) Adjusted RR 
1.16, w

as not significant. 

O
lder m

odels of cars and airbags and few
er 

restrained 
children 

than 
is 

current. 
Im

provem
ent to airbag deploym

ent has since 
reduced som

e of the hazards of these earlier 
m

odels. 

(Durbin et al., 
2002) 

Cohort study – 
surveillance 
system

 
plus 

interview
 

III-2 
U

SA 
Data w

ere collected from
 1 Decem

ber 1998 to 
30 N

ovem
ber 2001 from

 a large-scale, child-
specific crash surveillance system

 based on 
insurance claim

s, a telephone survey, and on-

M
inor injuries, 

including facial and 
chest abrasions, and 
m

ore serious injuries. 

Am
ong 

PAB-exposed 
children, 

175 
(14%

) 
suffered 

serious 
injuries 

versus 
41 

(7.5%
) 

of 
those 

in 
the 

com
parison group (O

R 2.0; 95%
 CI, 1.1-3.7). The overall 

risk of any injury (both m
inor and serious) w

as 86%
 

Lim
ited 

to 
insured 

vehicles 
from

 
one 

insurance 
com

pany, 
injury 

data 
via 

telephone interview
 (but technique has been 
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Reference 
Study type 

Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

site crash investigations. Vehicles qualifying for 
inclusion w

ere State Farm
-insured, m

odel year 
1990 or new

er, and involved in a crash w
ith at 

least one child occupant <=15 years of age. 
Q

ualifying crashes w
ere lim

ited to those that 
occurred in 15 states and DC. A stratified cluster 
sam

ple w
as designed to select vehicles (the unit 

of sam
pling) for the conduction of a telephone 

survey w
ith the driver. For cases in w

hich child 
occupants w

ere seriously injured or killed, in-
depth crash investigations w

ere perform
ed. 

am
ong children exposed to PABs, com

pared to 55%
 

am
ong the com

parison group (O
R 5.3; 95%

 CI, 2.1-
13.4). Exposure to PABs increased the risk of both 
m

inor injuries, including facial and chest abrasions, and 
m

ore serious injuries, 
particularly upper extrem

ity 
fractures. 

validated to distinguish betw
een m

inor and 
m

oderate to severe injuries). 

(Lennon et al., 
2008) 

Data review
 of 

traffic 
crashes 

in 
w

hich 
an 

injury 
occurred. 

III-2 
Australia 

Data from
 Victorian traffic crash files for 1993-

98 and 1999-2004 w
ere review

ed for analysis of 
seating position (front vs. rear), restraint use 
(child restraint, seat belt, none), age of child (0-
3, 4-7 and 8-12).  Fatalities w

ere cross-m
atched 

w
ith the N

ational Coroner's Inform
ation System

 
for 2000-2004.  

Injury 
severity: 

serious 
(fatal 

or 
hospitalised), 

m
inor 

or none. 

Data on 30,631 children indicated that being in the 
front seat m

ore than doubles the risk of serious injury 
am

ong 0-12 year olds com
pared to being in the back 

seat. For children under 4 years, the risk of serious 
injury w

as 60%
 higher for those in the front seat than 

those in the back and for those 12 m
onths of under the 

risk w
as 3.3 tim

es higher in the front than the back seat 
(not controlling for restraint type). For older children 
the relative risk w

as close to unity (1.1 of 4-7 year olds 
and 0.93 for 8-12 year olds). The fatality rate w

as 
15.1/1,000 am

ong unrestrained children and 2.4/1,000 
am

ong restrained children. 

Introduction outlines the difference betw
een 

U
S 

and 
Australian 

restraint 
use. 

 
M

ost 
vehicles w

ould not have been equipped w
ith 

front 
passenger 

seat 
airbags. 

 
By 

only 
classifying restraints as child restraint or seat 
belts, no conclusions could be m

ade about 
appropriate use and no differentiation is 
m

ade betw
een belt positioning booster seats 

and seat belts alone. There appears to be no 
controlling 

for 
restraint 

type 
w

hen 
com

paring the relative risk of front and rear 
seat positions.  

(N
ew

gard and 
Lew

is, 2005) 
Cohort 

study 
using 

a 
crash 

surveillance 
system

 

III-2 
U

SA 
Cases 

(aged 
0-18) 

w
ere 

draw
n 

from
 

the 
N

ational Autom
otive Sam

pling System
 (N

ASS) 
Crashw

orthiness Data System
 (CDS) from

 1995-
2002.  All cases w

ere seated in the front 
passenger 

seat. 
 

Exposure 
data 

included 
w

hether an airbag w
as present. Factors relating 

to the age and size of the child w
ere considered, 

use of restraint and type of collision. A total of 
3790 cases w

ere included, 2535 involved a 
prim

ary or secondary frontal collision and 60 
children (1.6%

) had a serious injury. 

Serious injury defined 
as AIS >3 for any body 
region. 

Children under 14 years of age had the greatest odds of 
serious injury w

hen seated in the front passenger seat 
w

hen an airbag w
as present (O

R=2.66, CI= 0.23-30.9) 
and deployed (O

R=6.13, 95%
CI=0.30-126). N

ote these 
findings are not statistically significant. Am

ong those 
aged 15-18 the airbag w

as seen to have a protective 
effect (as intended).  For children aged 15-18 years 
there w

as a protective effect of airbag deploym
ent (O

R: 
0.19; 

95%
 

0.09–0.99). 
These 

findings 
persisted 

in 
analyses involving all collision types. The study did not 
identify any effect m

odification associated w
ith child 

height or w
eight.  The study also did not identify any 

effect m
odification based on restraint use. 

Lim
itations 

included 
a 

relatively 
sm

all 
num

ber of children (n=60 or 1.6%
 of the total 

sam
ple) 

w
ho 

w
ere 

seriously 
injured, 

m
inim

ising the potential to exam
ine possible 

interactions including height and w
eight cut-

offs and m
odel years of vehicles (as proxy for 

airbag types). 

 (O
lson et al., 

2006) 
M

atched 
cohort analysis 
of 

data 
from

 
the 

N
ational 

Highw
ay Traffic 

Safety 
Adm

inistration 
Fatality 
Analysis 
Reporting 
System

 

III-2 
U

SA 
Analysis of crashes occurring betw

een 1990-
2002. Cars had to have betw

een tw
o and four 

occupants, w
ith at least one of w

hom
 had died. 

Death w
ithin 30 days 

of the crash. 
Airbags w

ere found to increase the risk of death for 
children aged 0 – 5, how

ever 2
nd generation airbags 

posed less of a risk (RR=1.10, 95%
 CI: 0.63 to 1.93) than 

1
st generation airbags (RR=1.66: 1.20 to 2.30). For 

children aged 6-12, sim
ilar results w

ere obtained, 
how

ever airbags w
ere seen to reduce overall risk of 

death as com
pared w

ith no airbags for this age group. 

Restraint type is poorly defined in the FARS 
database. 

(Sm
ith and 

Cum
m

ings, 2006) 
Data 

review
 

from
 

surveillance 
system

 (FARS) 

III-2 
U

SA 
All fatal crashes from

 1990-2001.  Seating 
positions 

exam
ined 

w
ere 

front 
right 

(passenger) 
or 

back 
right 

and 
left 

and 
consideration of airbag presence - by year and 
m

odel of car - if not reported. Restraint use w
as 

classified as restrained or not. Age categories 
for children 0-4, 5-12, 13-18 plus adults. 

Fatal injury (w
ithin 30 

days of the crash). 
The risk of death w

as found to be 21%
 low

er for 
passengers in the 

rear seat, 
particularly for child 

passengers (approx. half the risk RR=0.47). Seated in 
the front seat w

ith restraint and airbag is no different 
risk than in the rear seat w

ith just a restraint. N
o 

indication of increased risk for children in the front seat 
if restrained. 

Did not report on 0-4 year olds separately - 
only less than 13 years as a w

hole. O
thers to 

consider seating position for children w
ere 

Braver, Berg and Durbin - consistent finding 
of low

er injury risk in the rear seat. 
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 Consensus Based 
Recom

m
endation 5.5 

Curtain airbags that com
e out of the roof rail above the side w

indow
 of a vehicle have not been show

n to pose any risk 
to a properly restrained child, and m

ay have safety benefits, but children should not rest any part of their body 
(particularly the head) on the w

indow
 or sill, in the path of a deploying curtain airbag, and should m

aintain an upright 
posture. 

 This consensus-based recom
m

endation is based on expert opinion, taking into account the follow
ing factors and inform

ation. O
ne laboratory study suggests side 

airbags have the potential to cause injury to out-of-position children w
ho have their head (or other body part) directly in the line of a deploying airbag (Tylko and 

Dalm
otas, 2000). O

ne field study (Arbogast and Kallan, 2007) provides data w
hich suggests that side airbags (including curtain airbags) pose no additional injury risk 

over sim
ilar vehicles w

ithout a side airbag, but total case num
bers are sm

all (n=19) and there are lim
itations in the choice of m

atching cases for com
parison. There 

are no reports of real-w
orld injuries to child passengers from

 deploying side curtain airbags that w
ere deem

ed unlikely to have occurred in the absence of the side 
airbag, despite m

any children being exposed to them
 in crashes, and the laboratory study w

as conducted under artificial (static) conditions, lim
iting applicability. In 

addition, several studies utilising side airbags under a range of im
pact conditions have not noted any injury risks due to an airbag both in sim

ulation studies 
(Andersson et al., 2013; Holtz et al., 2016) and in full-scale tests (Brow

n et al., 2017a). Therefore it w
as considered that children are not likely to be at significant 

additional risk from
 deploying side curtain airbags, how

ever to m
axim

ise the benefit of a side curtain airbag children should be encouraged to sit in an upright 
position (See also Recom

m
endation 6.7). 

 Consensus Based 
Recom

m
endation 5.6 

Torso airbags, that typically deploy from
 the side of the seat, or the door panel in side crashes, have not been show

n 
to pose a risk to properly restrained child occupants, but children should not rest any part of their body (particularly 
the head) on the door, in the path of a deploying torso airbag, and should m

aintain an upright posture.  

 This consensus-based recom
m

endation is based on expert opinion, taking into account the follow
ing factors and inform

ation. Torso airbags are currently uncom
m

on 
in rear seating positions, but becom

ing m
ore com

m
on in front seating positions. O

ne field study  (Arbogast and Kallan, 2007) provides data w
hich suggests that side 

airbags (including curtain airbags) pose no additional injury risk, but total case num
bers are sm

all, and torso airbags m
ade up less than 20%

 of the airbag deploym
ents 

studied and there are lim
itations in the choice of m

atching cases for com
parison. There are no reports of real-w

orld injuries to child passengers from
 deploying side 

curtain airbags that w
ere deem

ed unlikely to have occurred in the absence of the side airbag. Therefore, it w
as considered that children w

ho are large enough to sit 
in the front seat w

here torso airbags are installed (up to and including 12 years of age) are not likely to be at additional risk from
 deploying torso airbags, but 

precautionary advice given by m
anufacturers to all occupants to m

aintain good seating posture relative to the airbag should be follow
ed. 
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Recom
m

endation 5.7  
It is safe for children correctly using size appropriate child restraints and booster seats to sit in seating positions 
equipped w

ith seat belt pretensioners 

O
verall Evidence Grade 

B 
 Table 25: Evidence statem

ent supporting recom
m

endation 5.7 
Evidence statem

ent 
Based on crash testing and driving sim

ulations, seat belt pretensioners do not appear to increase injury risk to children using lap-
sash belts either alone or w

ith a booster seat, and m
ay provide benefit by reducing m

otion of the child in a crash. 
G

rade 
B 

Com
ponent 

Rating 
N

otes 
Evidence base 

Satisfactory 
There are seven level three studies of the effect of seat belt pretensioners, w

ith or w
ithout load lim

iters on child 
occupants in child restraints and booster seats. These studies used sled tests and com

putational m
odelling, and 

show
ed no deleterious effects in m

ost conditions. Som
e studies indicated a beneficial effect in som

e cases.  
Consistency 

Good 
All studies are consistent in their conclusions that in m

ost circum
stances, seat belt pretensioners, including those 

w
ith load lim

iters are unlikely to cause an increase in injury risk for child restraint and booster seat users. There w
ere 

som
e cases in som

e studies w
here chest injury risk m

ay have been elevated slightly by the seat belt pretensioner, 
but this w

as not found in all studies. 
Public Health Im

pact 
Satisfactory 

In several studies, pretensioners im
proved injury risk values in testing. There w

ere a sm
all num

ber of test cases in 
som

e studies w
here chest deflection in child dum

m
ies increased w

ith the pretensioner, but the load lim
iter m

itigated 
this effect. M

ost vehicles have com
bined pretensioner and load lim

iter system
s. 

Generalisability 
Good 

There is no real-w
orld crash data on pretensioner effects on child restraint users, and results are based on sled testing 

and com
putational m

odelling only. The types of pretensioner system
 tested are reasonably representative of those 

used in the w
ider vehicle fleet. 

Applicability 
Satisfactory 

The seat belt pretensioner system
s tested are largely sim

ilar to those in Australian vehicles, although som
e are of 

novel system
s under developm

ent. 
O

ther factors 
 

 
References 

 
(Form

an et al., 2008; Johansson et al., 2009; Bohm
an and Fredriksson, 2014; Rola and Rzym

kow
ski 2015; Tylko et 

al., 2015; Rola, 2016; Sun et al., 2016; Stockm
an et al., 2017) 

 Seat belt pretensioners are active safety devices that operate w
hen a crash is sensed to rem

ove slack in a seat belt in the early stages of a crash. They m
ost com

m
only 

include a load-lim
iting com

ponent that controls the m
axim

um
 seat belt force. They are increasingly com

m
on in the front and rear seat of vehicles. Four crash testing 

studies, one sim
ulated off road driving study (non-crash), and tw

o m
odelling studies (Johansson et al., 2009; Rola and Rzym

kow
ski 2015; Rola, 2016) have exam

ined 
the influence of seat belt pretensioners on m

otion of, and loads developed in, child crash test dum
m

ies seated in booster seats, child restraints, or on the rear seat 
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using the lap-sash belt. All studies show
ed that the pretensioners (including pretensioner designs that incorporate load lim

iters) reduce dum
m

y excursion, four in 
sim

ulated crashes ((Form
an et al., 2008; Bohm

an and Fredriksson, 2014; Tylko et al., 2015; Sun et al., 2016) and one in pre-crash off-road m
aneuvers (Stockm

an et 
al., 2017)), and three in com

putational m
odelling (Johansson et al., 2009; Rola and Rzym

kow
ski 2015; Rola, 2016). O

ne crash testing study show
ed that chest forces 

for a three year old dum
m

y w
ere higher than the acceptable level for one m

odel of pretensioner that allow
ed a higher peak force (Bohm

an and Fredriksson, 2014) 
but not in another m

odel w
ith low

er m
axim

um
 force (achieved via load lim

iting). These elevated chest forces w
ere not seen in larger child or adult dum

m
ies in 

frontal (Bohm
an and Fredriksson, 2014; Sun et al., 2016) or side im

pacts w
here the child is sitting on the other side of the vehicle to the im

pact (Tylko et al., 2015). 
Since average sized three year olds are not recom

m
ended to use booster seats, and older children appear to derive benefit, taken together, these studies suggest 

that it is safe to use booster seats in seating positions equipped w
ith seat belt pretensioners. Children three years old and younger are likely to be safer in child 

restraints than booster seats in these positions, and one com
putational study (Rola and Rzym

kow
ski 2015) show

ed that pretensioners reduced predicted injury 
m

etrics in a single m
odel restraint. There is little research about RFCR occupant in seating positions equipped w

ith seat belt pretensioners, but design principles 
predict that pretensioners w

ould operate sim
ilarly as for forw

ard facing restraints. 
 Table 26: Sum

m
ary of articles providing evidence for recom

m
endation 5.7 

Reference 
Study type 

Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

(Bohm
an and 

Fredriksson, 2014)   
Sled tests to assess 
injury risk associated 
w

ith frontal collisions 
and use of 
pretensioners 

III-3 
Sw

eden 
Hybrid III 3 year old, 6 year old, 5th and 
50th percentile ATDs sled tested for neck, 
chest and abdom

inal loads, w
ith and 

w
ithout pretensioner, and tw

o different 
retractor pretensioners w

ere tested. The 
dum

m
ies w

ere seated on booster seats 
w

ith and w
ithout a back positioned in a 

rear outboard seat.  

Loading to the neck, 
chest and abdom

en 
w

ere com
pared to 

injury reference 
values (IARVs) 

Head excursion and neck loading w
ere reduced for 

both pretensioner types for all ATDs com
pared to 

no pretensioner. The pretensioner reduced chest 
deflection in the adult ATDs but not in child ATDs 
w

hen seated on a high back booster, w
hich 

exceeded the IARV. A low
er force lim

iter reduced 
this loading below

 IARV. O
n a low

 back booster, 
chest loads w

ere below
 injury reference values w

ith 
the pretensioner. 

The belt som
etim

es got stuck in the non-
biofidelic gap betw

een arm
 and torso; the 

ATD is difficult to position in the out-of-
position postures; no repeated tests w

ere 
perform

ed  

(Form
an et al., 

2008) 
Sled tests w

ith and 
w

ithout pretensioners 
and force lim

iters in 
seat belts. 

III-2 
U

SA 
48 frontal im

pact sled tests at tw
o speeds 

;ϰϴ Ŭŵ
ͬŚ ĂŶĚ Ϯϵ Ŭŵ

ͬŚ ȴsͿ ǁ
ŝƚŚ Ă ŵ

ŝĚ-size 
sedan seat buck. 4 different dum

m
ies 

(Hybrid III 6yo, 5th%
 fem

ale, 50th %
 m

ale 
and TH

O
R) w

ere tested w
ith either a la-

sash belt only, belt plus retractor 
pretensioner and belt, retractor plus 
progressive force-lim

iter. Head, chest and 
pelvis accelerations and chest deflection 
w

ere m
easured. 

ATD head, chest and 
pelvis accelerations 
and chest deflections 

The com
bined seat belt pretensioner and 

progressive force lim
iter reduced peak chest 

deflection in all Hybrid dum
m

ies, including by 29%
 

of the 6yo ATD. This com
bination also reduced head 

acceleration and HIC15 for all dum
m

ies. 

The com
bined seat belt pretensioner and 

progressive force lim
iter reduced dum

m
y 

injury values w
ithout allow

ing significant 
additional forw

ard excursion in frontal 
crashes. O

nly frontal crashes and a single 
belt geom

etry w
as tested 

(Johansson et al., 
2009)  

Com
putational 

sim
ulation of 3 year old 

to exam
ine restraint 

design param
eters 

III-2 
U

SA 
M

ADYM
O

 m
odel of Q

3 ATD on a child seat 
w

ith lap sash seat belt.  Effects of seat belt 
pretensioner and load lim

iter, belt 
geom

etry and seat shape w
ere sim

ulated. 

Q
3 ATD head, chest, 

and pelvis 
accelerations and 
head displacem

ent 

Lap belt angle had the largest effect on head 
excursion. G

ood belt geom
etry, pretensioners w

ith 
load lim

iters are beneficial in im
proving injury risk. 

M
athem

atical m
odelling only, validated 

against sled tests. 

(Rola and 
Rzym

kow
ski 2015)   

Sled test  w
ith and 

w
ithout seat belt 

pretensioner and sm
art 

airbag system
 

III-2 
Poland 

M
odelling using M

ADYM
O

 softw
are w

as 
done, based on sled test results w

ith a 3 
year old dum

m
y in a FF-CRS 5-point 

harness. A com
bination of different factors 

w
ere m

odelled, including factors relating 
to the child restraint and to the child 
safety belt. 

Head resultant 
accelerations and 
chest resultant 
accelerations and 
estim

ated injury to 
the head, chest and 
neck for a 3 year old. 

The occurrence of slack in belts w
as seen to increase 

the chest resultant acceleration. The addition of a 
safety device (a seat belt retractor pretensioner, a 
load lim

iter and a special airbag) w
as seen to reduce 

this acceleration.  The airbag w
as observed to 

distribute the forces over a w
ider area of the body 

and lim
iting the relative m

otion betw
een the head 

and the thorax in a controlled w
ay.  High neck loads 

occurred.  

M
any factors associated w

ith real-w
orld 

crashes could not be exam
ined, including: 

interior vehicle structures, different 
vehicle types, different installation 
m

odes, and various seat back angles - and 
the crash scenario w

as lim
ited to front 

crash (not oblique or side-im
pact). 
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Reference 
Study type 

Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

(Stockm
an et al., 

2017)   
A rig test and an in-
vehicle test using 6 and 
10 year olds ATDs. 

III-3 
U

SA 
A rig test w

ith a robot sim
ulating a run-off 

event and an in-vehicle test both using 
ATDs corresponding to ages 6 and 10 year 
olds seated on an integrated booster 
cushion and 5th%

 adult fem
ale on the rear 

seat. 

Kinem
atics and the 

shoulder belt position 
W

hen the pre-tensioner w
as activated, com

pared to 
w

hen it w
as inactivated, the displacem

ent for each 
ATD w

as reduced. Shoulder belt slip-off occurred for 
the Q

6 and Q
10 in tests w

here the pre-tensioner 
w

as inactivated. The m
axim

um
 inboard head 

displacem
ent w

as reduced in tests w
here the pre-

pretensioner w
as activated com

pared to tests in 
w

hich it w
as inactivated. 

O
nly one rear seat environm

ent w
as 

tested. The contribution of other 
structures including booster type, seat 
structure and belt geom

etries w
as not 

considered. 

(Sun et al., 2016)   
Sled test of child 
dum

m
ies in frontal 

crashes 

III-3 
U

nknow
n 

Sled test w
ith pulse sim

ilar to 40%
 offset 

frontal im
pact in a sm

all passenger vehicle 
(w

ithin 10%
 in peak acceleration).  Q

6 and 
Q

10 ATDs to represent 6 and 10 year olds, 
w

ere used w
ith three popular child 

restraints w
ith ISO

FIX, w
ith and w

ithout 
seat belt retractor pretensioner, and a belt 
positioner, and three different shoulder 
height belt positions.  A total of 10 tests 
w

ere run to exam
ine the optim

al set of 
variables in term

s of potential to reduce 
injury outcom

es. 

Head and chest 
accelerations and 
neck force recorded 
in Q

3 and Q
10 ATDs 

The m
ain findings w

ere that the child restraint 
m

odel and seat belt pretensioner variables m
ade a 

significant contribution to dum
m

y injury values, 
w

hile shoulder-belt position and locking device did 
not have a significant effect on the injury values. 
Seat belt pretensioners reduced head and chest 
accelerations and neck forces in both dum

m
ies.  

Findings are from
 a single crash pulse and 

orientation, and used a lim
ited num

ber of 
child restraints. 

(Tylko et al., 
2015)  

Sled test and analysis of 
existing side im

pact 
tests using child 
dum

m
ies 

III-3 
Canada 

Sled tests on a car buck w
ere conducted 

and analysis of existing side im
pact full 

scale crash tests of passenger vehicles 
using a Q

6 (2 tests) or Q
6s (42 tests) 

dum
m

y representative of a six year old 
child. Various crash configurations w

ere 
analysed. In the sled tests, a Hybrid III 
10yo dum

m
y in a high back booster w

as 
added, and tests w

ith and w
ithout a 

pretensioner w
ere com

pared. Tw
o high 

back and one low
 back booster w

ere 
com

pared. 

Head and chest 
acceleration, head 
m

otion 

N
ear-side positioning of the FF-CRS w

as associated 
w

ith significantly m
ore frequent head contacts than 

other seating positions. N
ext m

ost frequently 
contacted w

ere RF-CRS in the near-side seat. Chest 
acceleration responses w

ere notably greater for the 
Q

6 com
pared to the Q

6s. The seat belt pretensioner 
reduced lateral head velocity and displacem

ent and 
chest acceleration in the sled tests. 

Tests w
ere conducted over several years 

(2009-2014) and authors noted that 
vehicle designs changed over this tim

e. 
The side im

pact tests w
ere conducted 

w
ith intrusion.  
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Consensus Based 
Recom

m
endation 5.8 

Child restraints should not only be used in seating positions equipped w
ith inflatable belts if both: 

(i) 
The vehicle m

anufacturer advises child restraints can be used in this seating position, AN
D 

(ii) 
The child restraint m

anufacturer advises that the specific child restraint m
odel is suitable for use w

ith 
inflatable seat belts. 

 This consensus-based recom
m

endation is based on expert opinion, taking into account the follow
ing factors and inform

ation. There has been lim
ited research on 

the effect of inflatable seat belts on child restraint perform
ance. The w

ork done to date has used only one m
odel of inflatable seat belt, and there has been no w

ork 
w

ith Australian child restraints. Inflatable seatbelts have airbags fitted into the sash section and are relatively uncom
m

on in Australia but are available in som
e 

seating positions in som
e vehicles. Potential fitm

ent issues w
ith som

e child restraints are that a gated buckle/locking clip cannot be fitted to the sash belt (see 
recom

m
endation 3.6); and the additional thickness of the sash belt m

eans that the lock-offs fitted to som
e child restraints cannot be used. Child restraint 

m
anufacturers can advise w

hether their child restraints and booster seats are suitable for use w
ith inflatable seatbelts, and currently this advice varies betw

een 
m

anufacturers and restraint m
odels, so it is necessary to check w

ith the restraint m
anufacturer for each m

ake and m
odel of restraint regarding suitability of that 

specific restraint m
odel for use in a vehicle w

ith inflatable seat belts. 
 All current available research has been conducted by or in partnership w

ith one vehicle m
anufacturer (Ford) w

ho introduced the first rear seat inflatable seatbelts. 
Inflatable seatbelts are also starting to be introduced by other vehicle m

anufacturers. Studies available focus on the developm
ent of suitable test m

ethods to 
determ

ine com
patibility betw

een child restraint system
s (CRS) and inflatable seatbelts and evaluation of the interaction betw

een children/sm
all occupants and 

inflatable seatbelts (Rouhana et al., 2013; Pline et al., 2017a; Pline et al., 2017b). Research is lim
ited to laboratory testing of international restraints only, and only a 

lim
ited selection of restraints w

ith one study focusing solely on the interaction betw
een rear facing restraints and inflatable seatbelts (Pline et al., 2017b). O

verall 
the results concluded that the injury risk to children and sm

all occupants from
 deploym

ent of inflatable seatbelt system
s is low

. The proposed test m
ethod for 

determ
ining com

patibility of CRS and inflatable seatbelts concludes that it is an im
portant step in evaluating com

patibility but that it m
ay not be applicable to 

inflatable seat belt system
s from

 different vehicle m
anufacturers. For rearw

ard facing restraints installed w
ith a base (as used in infant carrier style rearw

ard facing 
restraints in Australia), the inflation of the inflatable seatbelt system

 did not affect system
 integrity of the attachm

ent of the carrier to the base or the integrity of 
the base itself. W

hile there w
as increased lateral rotation w

hen installed using the inflatable seatbelt, in all cases, acceptable installation of the CRS could be achieved 
w

ith the inflatable seatbelt system
, though installation procedures m

ay differ from
 those of the standard seatbelt system

. Note that these restraints differ from
 

Australian rearw
ard facing restraints as they do not use a top tether, and it is not know

n how
 this m

ight alter perform
ance.   

 There are no reports of real w
orld injuries to child passengers from

 deploying inflatable seatbelts, but this has not been form
ally studied. Therefore, it w

as considered 
that children w

ho are large enough to sit in the adult seatbelt alone or in conjunction w
ith a com

patible child restraint or booster seat are not likely to be at additional 
risk from

 a deploying inflatable seatbelt. 
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6.6 C
orrect use of restraints 

 U
sing a restraint in any w

ay other than as it w
as designed to be used is called incorrect restraint use. Incorrect restraint use is com

m
on, and substantially reduces 

the protection that a restraint provides in a crash. U
sing a restraint correctly on every trip is equally im

portant to choosing the right type of restraint for optim
al 

protection of child passengers. Incorrect use encom
passes both how

 a restraint is installed in the vehicle, and how
 a child is secured w

ithin the restraint. Both m
ajor 

errors and an accum
ulation of m

inor errors can substantially com
prom

ise the perform
ance of a restraint. Correct use should be checked every tim

e a restraint is 
used. Vehicle and child restraint m

anufacturers provide specific advice on the installation of child restraints in a vehicle, and these should be read and adhered to. 
 The physics underpinning optim

al restraint perform
ance are w

ell understood, and restraints are designed to provide optim
al protection w

hen used in specific w
ays. 

Key concepts include having a restraint fit the occupants w
ell, so that crash forces can be directed to the strongest parts of the body (such as the skeleton), and 

rem
oving all slack from

 seat belts, harnesses and tether straps. Slack in a restraint increases the forces that the occupant experiences, and thus increases the risk of 
injury (Huang et al., 1995).   Poorly fitting or poorly positioned restraint com

ponents can apply crash forces to vulnerable regions of the body, such as the soft 
abdom

inal organs and the neck, increasing the risk of serious injury (Eppinger, 1993). 

6.6.1 
Restraint installation 

 Recom
m

endation 6.1  
All child restraints and booster seats m

ust be installed correctly, according to the m
anufacturer’s instructions: 

1.  
Alw

ays use a top tether strap for all rearw
ard facing child restraints, forw

ard facing child restraints and 
booster seats that are equipped w

ith tethers. 
2.  

Alw
ays use the correct seat belt path for the restraint (follow

ing the colour coding available on new
er 

restraints).  
3.  

Ensure there is no slack or looseness in any part of the system
 – the top tether, the seat belt anchoring the 

restraint to the vehicle, nor the seat belt used by a child in a booster seat. 
4.  

The seat belt buckle should be exam
ined prior to each trip to ensure it has not been inadvertently unbuckled. 

O
verall Evidence Grade 

B 
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Table 27: Evidence statem
ent supporting recom

m
endation 6.1 

Evidence statem
ent 

Incorrect installation of child restraints allow
s greater m

otion of the child in the event of a crash and increases the risk of serious 
injury  

G
rade 

B 

Com
ponent 

Rating 
N

otes 
Evidence base 

Good 
There are tw

o field studies  (Brow
n and Bilston, 2007) and three laboratory studies (M

anary et al., 2006; Sherw
ood 

et al., 2006; Lucas et al., 2008), that indicate that greater forces and related injury risks are associated w
ith errors in 

installation, tw
o focusing on the added injury risk associated w

ith slack in the top tether strap.  
Consistency 

Excellent 
All of the laboratory studies found that head excursion w

as greater w
hen slack w

as introduced to top tethers or seat 
belts used to anchor the restraint to the vehicle, resulting in high injury indicators on the test dum

m
ies. The tw

o 
studies analysing field data reported a significant risk of actual injuries w

ith incorrect restraint use. 
Public Health Im

pact 
Excellent 

O
ne study found incorrect use increased the risk of life-threatening injuries by six-fold and another found that the 

risk of a hollow
 injury w

as than a solid visceral injury w
as increased four-fold. Laboratory studies report significant 

findings in the sam
e direction how

ever, actual relative risk of injury cannot be determ
ined from

 these types of 
studies. 

Generalisability 
Good 

W
hile available laboratory studies cover com

m
on m

isuse m
odes, their data is lim

ited to a sm
all num

ber of 
com

binations of errors, vehicles, crash types and severity and child sizes.  The field studies present data from
 one 

Australian paediatric hospital and a large U
S insurance crash data base using from

 over 10 years ago. 
Applicability 

Good 
Studies available have been conducted on Australian child restraints and the m

ost com
m

on m
isuse m

odes. 
O

ther factors 
 

 
References 

 
(Lalande et al., 2003; Lutz et al., 2003; M

anary et al., 2006; Sherw
ood et al., 2006; Brow

n and Bilston, 2007; Lucas et 
al., 2008; Tai et al., 2011)  

 

There are m
any potential form

s of incorrect installation of restraints. These include failure to use a top tether anchorage w
hen required (i.e. for all rearw

ard facing 
and forw

ard facing restraints and booster seats over 2kg); incorrectly routing the seat belt through the restraint; and slack in the seat belt or top tether. Particular 
care should be taken to ensure that the correct seat belt path is used for convertible restraints, w

here the tw
o different restraint m

odes (e.g. rearw
ard and forw

ard 
facing) m

ay have different seat belt installation paths. In new
er restraints, these belt paths are colour coded. There are num

erous field injury studies and laboratory 
crash testing studies that show

 that the risk of serious injury is substantially increased in restraints that are not correctly used. Field (injury) studies (Lutz et al., 2003; 
Brow

n and Bilston, 2007) often com
bine installation errors w

ith securing errors (see below
) w

hen estim
ating relative risks, and som

e studies com
bine incorrect use 

w
ith the use of inappropriate restraints for a child size, so the effect size for public health im

pact is not precisely defined. How
ever, all studies found that incorrect 

use substantially increased the likelihood of injury and the field studies reported the im
pact as being 4 to 6 tim

es greater w
ith incorrect installation.  

 Crash investigation studies are w
ell know

n to be lim
ited in their ability to retrospectively identify m

any form
s of incorrect restraint use (e.g. incorrect positioning of 

a seat belt), thus the data on specific form
s of m

isuse draw
n from

 laboratory studies using anthropom
orphic test dum

m
ies under controlled conditions is m

ost 
valuable. The latter studies, w

hile providing direct com
parisons that are not usually available in real-w

orld injury data, do not sim
ulate the full range of child sizes 

and crash types that occur in the real-w
orld, but larger studies sim

ulate the m
ore com

m
only observed form

s of incorrect use in the field. O
ne analysis suggested 
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that incorrect restraint use (including incorrect installation) has a greater deleterious effect on injury risk than the use of inappropriate types of restraints for a child’s 
size (Du et al., 2008). Failure to buckle the seat belt in a booster seat leaves the child effectively unrestrained, w

ith the associated very high risk of injury discussed 
in recom

m
endation 1.1 above. (Kahane, 1986; Partyka, 1988; Agran et al., 1992; Henderson, 1994; Johnston et al., 1994; Cuny et al., 1997; Isaksson-Hellm

an et al., 
1997; Tyroch et al., 2000; Valent et al., 2002; Durbin et al., 2005; Elliott et al., 2006; Du et al., 2008). 
 Som

e studies classify incorrect use into m
inor and serious form

s, based on their potential for increased injury risk, but one laboratory study  (Tai et al., 2011) (has 
suggested than the com

bination of m
ultiple m

inor errors can accum
ulate to be equivalent to a single “m

ajor” error. O
bservational studies have show

n that incorrect 
restraint use is very com

m
on in the Australian population and overseas (Ebel et al., 2003; Koppel and Charlton, 2009; Brow

n et al., 2010b; Bilston et al., 2011).  

Table 28: Sum
m

ary of articles providing evidence for recom
m

endation 6.1 
Reference 

Study type 
Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

(Brow
n and 

Bilston, 2007) 
Retrospective 
case 

review
, 

portion 
w

ith 
in-depth 
investigation 
including 
laboratory 
sim

ulation 
of 

m
ain 

use 
errors. 

III-2 
Australia 

Review
 of 152 children aged 2-8 years and 

restraints involved in crashes and presenting to 
a 

paediatric 
em

ergency 
departm

ent. 
Assessm

ent of restraint use, quality of restraint, 
data on heights and w

eights from
 interview

 or 
m

edical 
records 

- 
or 

age-based 
estim

ates. 
Com

parisons m
ade betw

een appropriate and 
inappropriate use and fit for size. Also 6 sled 
crash tests w

ere done to sim
ulate outcom

es in 
optim

al and sub-optim
al restraint use. 

Correct/incorrect 
use 

of 
restraint 

(appropriateness 
of 

restraint for child and 
correct 

use). 
Laboratory testing of 
head 

accelerations, 
neck 

loads 
and 

m
om

ents, 
dum

m
y 

m
otions 

and 
head 

displacem
ent. 

O
f the 142 cases for w

hich quality of restraint use w
as 

know
n, 82%

 w
ere sub-optim

ally restrained w
ith 78%

 
using inappropriate restraint for size. An injury AIS 2+ 
(serious) w

as incurred by 0%
 of those w

ho w
ere 

appropriately 
restrained 

and 
28%

 
of 

those 
inappropriately 

restrained 
(not 

significant 
after 

controlling for crash severity); and m
oderate injuries 

w
ere incurred by 22%

 and 57%
 (p<0.05) respectively.  

Incorrect use w
as associated w

ith 6 tim
es the risk of 

life-threatening 
injury 

after 
controlling 

for 
crash 

severity. Laboratory testing confirm
ed that excessive 

torso and head m
ovem

ent occurs w
ith incorrect belt 

use. Results suggest that incorrect use of a restraint is 
potentially m

ore serious in term
s of risk of injury than 

using the incorrect restraint for size. 

Q
uality assessm

ents not m
ade blind to the 

injury 
outcom

e. 
Convenience 

sam
ple 

of 
children presenting to hospital - excludes 
m

inor injuries and deaths.  Lim
ited data 

available as used case review
 only - not 

collected system
atically.  

(Hauschild et al., 
2015)   
 

Sled test on 3 
yo ATD  

III-3 
U

SA 
Q

3s dum
m

y (3 year old) in FFCRS, w
ith and 

w
ithout large side-w

ings, positioned in the 
rear seat of 2 vehicle types - w

as used during 
oblique side im

pact tests. G
22:J22 

ATD head excursions, 
head accelerations, 
LATCH belt loads, and 
neck loads. 

Results indicated there w
as little difference in the 

head excursion w
ith and w

ithout side-w
ings (m

edian 
lateral head excursion w

as 435m
m

 and 443m
m

, 
respectively). The factor m

ore strongly associated 
w

ith head excursion w
as the vehicle seat head 

restraint design. In the bench seat, w
here the head 

restraint is integrated, the top tether goes over the 
head restraint and tended to slip off during the crash, 
resulting in greater head excursion, but low

er HIC and 
low

er neck loads. 

The findings are lim
ited to one CRS design, 

w
ith one crash angle and one crash pulse. 

There are other head rest designs not 
included in this test. Flexible LATCH low

er 
anchors w

ere used so results do not 
necessarily apply to those anchored w

ith 
rigid LATCH anchors or w

ith seat belts. 

(Hauschild et al., 
2016)   
 

Sled test on 3 
yo ATD  

III-3 
U

SA 
Q

3s dum
m

y (3 year old) in FF-CRS during 
oblique side im

pact tests. A structure w
as used 

as a test of intruding object. Tests w
ere 

conducted w
ith and w

ithout tether strap and 
at 34kph. 

Head kinem
atic data, 

as w
ell as neck tension 

and m
om

ent, and 
chest, shoulder and 
pelvic acceleration 
and deceleration. 

The ATD
 head m

ade contact w
ith the sim

ulated door 
in all tests w

ithout a tether, as w
ell as and 2 tests w

ith 
a tether in w

hich the im
pact w

as at the less oblique 
angle (80° cf 60°). Lateral head excursion w

as reduced 
in the tests w

ithout a tether com
pared to those w

ith a 
tether (m

edian 400m
m

 vs. 442 m
m

).  In all, tether 
appeared to reduce head excursion for centre- or far-
side-seated child occupants in oblique side im

pact 
crashes and lim

iting the head injury potential w
ith an 

intruded door. 

W
hile the CRS used in the crash test w

as a 
popular style it only represents one m

odel, 
and only tested w

ith one vehicle seat fixture 
- others m

ay have different results. 
Sim

ilarly, a flexible LATCH w
ebbing system

 
w

as used to attach the CRS. Seat belt 
attachm

ent, use of a rigid LATCH or ISO
FIX 

m
ay produce different results.  

(Kapoor et al., 
2011b)   

Sled tests to 
assess injury 
risk associated 
w

ith CRS 
m

isuse 

III-3 
U

SA 
N

um
erical sim

ulations w
ere conducted using 

data from
 full frontal and near-side im

pact 
sled test crashes w

ith H
ybrid III three year old 

dum
m

ies. Test conditions included absence 
and presence of CRS m

isuse: absence of top 
tether and presence of slack in the seat belt 

Head, chest and neck 
accelerations and 
associated injury 
values 

Findings indicated that the presence of slack in the 
system

 and absence of the top tether strap both 
served to increase the probability acceleration 
induced head injuries. U

pper neck forces w
ere 

increased by approxim
ately 15%

 in a near-side im
pact 

w
hen there w

as slack in the seat belt w
ebbing. The 

Data w
ere derived from

 laboratory testing 
using one car m

odel and a three year old 
dum

m
y. Variables introduced by real-w

orld 
conditions such as child posture other crash 
angels and speed etc. could not be 
determ

ined from
 this study 
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Reference 
Study type 

Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

w
ebbing under tw

o configurations- using 
flexible LATCH and rigid ISO

FIX 
use of cross-shaped rigid ISO

FIX system
 reduce head 

accelerations by approxim
ately 20%

 and 40-60%
 in 

the frontal im
pact condition.  U

se of the cross-shaped 
rigid ISO

FIX system
 w

as found to reduce upper neck 
forces by 20–25%

 and the resultant low
er neck 

m
om

ents by approxim
ately 20%

 for both the child 
dum

m
ies, in the absence and presence of the CRS 

m
isuse. 

(Lalande et al., 
2003) 

Laboratory 
sled test 

III-2 
Canada 

44 dynam
ic sled tests w

ith frontal im
pact using 

an 
anthropom

etric 
3 

year 
old 

dum
m

y 
in 

forw
ard facing CRs in som

e com
m

on m
isuse 

m
odes. Three restraints types w

ere used: 5-
point harness, T-shield, and an overhead shield 
configuration. 

Each 
type 

w
as 

m
easured 

in 
correct m

ode, as a baseline, and m
isuse m

odes. 
Repeat tests w

ere done for each m
ode. 

N
eck 

forces, 
head 

excursion 
and 

head 
and chest acceleration, 
shoulder loading.  

Pulling 
the 

dum
m

y's 
arm

s 
through 

the 
shoulder 

harness had the m
ost significant negative effect on 

safety 
in 

all 
3 

restraint 
types. 

The 
next 

m
ost 

detrim
ental m

isuse m
ode w

as adding 3 inches of slack 
to the shoulder harness, the tether and the seat belt. 
All three restraint types had 

poorer results w
ith 

increased shoulder harness slack (80-100%
 increased 

low
er neck forces and 50%

 increased shoulder forces).   
Introducing harness slack had an im

portant im
pact on 

neck loading w
hile tether slack w

as associated w
ith 

greater head and chest acceleration. Perform
ance 

w
orsened w

ith the num
ber of tw

ists of the shoulder 
harness.   The effect of chest clip use w

as im
portant 

especially w
ith regard to neck injury values and head 

injury risk w
as m

ost affected by incorrect routing of the 
seat belt. 

The 
testing 

bench 
em

ployed 
could 

not 
account for the large num

ber of vehicle seat 
and set belt configurations. Som

e features of 
the test bench are not sim

ilar to m
odern 

vehicles. 

(Lucas et al., 2008) 
Laboratory 
sled test 

III-2 
Australia 

15 com
m

on m
isuse m

odes of forw
ard facing 

CRs w
ere tested. 

Head 
accelerations, 

and head excursion v 
values 

w
hich 

w
ere 

used to estim
ate head 

injury criteria (HIC). 

The m
ajority of m

isuse m
odes w

ere associated w
ith a 

higher HIC com
pared to correct use. The highest HIC 

values w
ere w

hen the tether w
as not used (82%

 
higher) 

or 
w

as 
slack 

(70%
 

higher). 
The 

w
orst 

configuration in term
s of head excursion w

as w
hen 

both arm
s w

ere not w
ithin the harness and the slack 

left in the harness w
as 75m

m
. M

ost m
odes of m

isuse 
had greater head injury potential than installation 
errors. 

W
hile head injuries are generally associated 

w
ith contact w

ith the vehicle - this w
as not 

directly tested - so im
pact forces w

ere not 
m

easured. 

(Lutz et al., 2003) 
Data 

review
 

from
 

insurance 
claim

s 
database, 
onsite 

crash 
scene 
inspection and 
telephone 
survey. 

III-2 
U

SA 
State Farm

 insurance claim
s (Dec 1998 - Aug 

2001) in 16 states plus DC. Passenger vehicles 
1990 or 

new
er. Interview

 data on 
injuries 

sustained and restraint use for 13,558 children 
in 10,594 crashes. Paired inform

ation on 164 
children to com

pare parental reporting and 
vehicle inspection regarding restraint type. 

Body region by injury 
severity 

(AIS 
<2 

and 
2+) 

focus 
on 

abdom
inal injuries.  

O
f sam

ple 56%
 w

ere optim
ally restrained and 44%

 sub-
optim

ally restrained. Com
pared to those w

ho w
ere 

optim
ally restrained, those w

ho w
ere sub-optim

ally 
restrained w

ere 4 tim
es m

ore likely to sustain a hollow
 

than a solid visceral injury.  

Lim
itation w

ith surveillance system
 - only 

those vehicles insured and only vehicles 
1990 or new

er. N
early all inform

ation w
as 

obtained from
 parents reporting. 

(M
ajstorovic et al., 

2018)   
Sled tests 
using side 
im

pact 
collisions to 
exam

ine 
effect of top 
tether 

III-2 
U

SA 
Sled tests using a 10o and 30o from

 lateral 
direction side im

pact collisions to exam
ine 

kinem
atics of a dum

m
y 3 year old (Q

3s ATD) in 
tw

o types of forw
ard facing restraint attached 

via a flexible anchor each w
ith and w

ithout top 
tether.  

Q
3s responses and 

CRS kinem
atics and 

calculated injury 
values 

The sled test results suggest that the top tether has a 
stronger influence on head acceleration and 
calculated head injury values during near-side im

pacts 
in the oblique (30o) direction than in the lateral (10o) 
direction. The top tether increased the head injury 
criterion (HIC) by 3.3 - 4.4%

 for the tw
o FF-CRS. For 3 

of the 4 scenarios, w
hen the top tether increased 

either the resultant head acceleration or resultant 
head angular velocity, the other decreased. For CRS A 
(no side w

ings), top tether usage resulted in less than 
a 5%

 difference for the resultant head angular 
velocity. For CRS B (w

ith side w
ings), the percentage 

There are som
e lim

itations in the 
representativeness of the sled test and real 
vehicles and crash scenarios.  The authors 
noted som

e field of view
 lim

itations. They 
also suggest that further research is needed 
on the effect of different top tether 
locations.  
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Reference 
Study type 

Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

differences ranged from
 approxim

ately 11 to 13%
. 

How
ever, the injury values w

ere below
 current injury 

assessm
ent reference values (IARVs). Additionally, the 

top tether proved beneficial in preventing forw
ard 

and lateral CRS rotations.  
(M

anary et al., 
2006) 

Laboratory 
testing 

- 
dynam

ic 
sled 

test 

III-2 
Australia 

16 sled tests using a dum
m

y sim
ulating a 12 

m
onth infant w

ith head, upper neck, and chest 
instrum

entation. Frontal and rear im
pact. 

Highest 
ATD

 
accelerations, 

forces, 
and 

m
om

ents 
w

ere 
observed 

during 
the 

prim
ary im

pact. 

ATD and CRS m
otions w

ere best controlled in frontal 
im

pact by the rearw
ard tethering geom

etry w
hile the 

m
otions 

in 
rear 

im
pact 

w
ere 

best 
controlled 

by 
tethering to the floor. The data show

s a potential 
benefit in both frontal and rear im

pacts of tethering 
rear-facing CRS to a point above vehicle seatback. 

Sim
ilar lim

itations to all laboratory studies – 
lim

ited 
num

ber 
of 

specific 
crashes 

sim
ulated, dum

m
y sizes and ages lim

ited. 
Potential 

biofidelity 
lim

itations 
of 

the 
dum

m
ies. 

(Sauber-Schatz et 
al., 2014)  
 

Surveillance 
system

 linking 
police reports 
w

ith hospital 
data - 
retrospective 
review

 

III-3 
U

SA 
Surveillance system

 linking police and hospital 
records (probabilistic linkage) for m

otor 
vehicle crashes in 11 states, from

 2005-2008. 
The database includes 50 crash related 
variables and 18 health outcom

es. Sam
ple w

as 
children aged 1-12 w

ho w
ere involved in a 

m
otor vehicle crash. Child ages w

ere grouped 
1-3, 4-7, 8-12. Restraint use w

as classified as 
optim

al, sub-optim
al or unrestrained. O

ptim
al 

and sub-optim
al w

ere only crudely defined as 
in a child restraint or booster seat if aged 1-7 
as optim

al and in an adult seat belt as sub-
optim

al, and 8 -12 years w
as just in an adult 

seat belt or not (booster seats w
ere not coded 

for this age group). 

Injuries by body region 
and w

hether 
hospitalised 

Across all age groups unrestrained children had the 
highest percentage of injuries for each body region. 
Children optim

ally and sub optim
ally restrained had 

m
inor differences in body region injured, by age 

group.  Children w
ho w

ere unrestrained had 
approxim

ately 7 tim
es the risk of traum

atic brain 
injuries than those w

ho w
ere restrained – either 

optim
ally or sub-optim

ally. Children in each age group 
w

ho w
ere optim

ally restrained w
ere significantly less 

likely to have a neck, back or abdom
inal injuries or to 

be hospitalised than those w
ho w

ere unrestrained. 
Sitting in the back seat w

as found to be protective for 
children 8-12 years old.  By age group: the odds of 
children aged 1–3 year having neck, back or 
abdom

inal injuries w
ho w

ere optim
ally restrained w

as 
63%

 less than children w
ho w

ere not restrained, w
ith 

the true effect being betw
een 68%

 and 59%
 (odd ratio 

[O
R] = 0.37; 95%

 CI = 0.32–0.41); sim
ilar results show

n 
for TBI (O

R = 0.13; 95%
 CI = 0.10–0.17) or for being 

hospitalised (O
R = 0.41; 95%

 CI = 0.38–0.45). Children 
aged 4-7 years optim

ally restrained versus not 
restrained had significantly low

er odds of TBI (O
R = 

0.10; 95%
 CI = 0.08–0.12)  

Data w
ere lim

ited by not being able to 
distinguish if children w

ere correctly 
restrained or the restraint w

as correctly 
installed, and booster use for children over 
8 could not be determ

ined. Data for 
children aged <1 year unable to be used due 
to coding issue (m

issing ages also coded as 
0 years) 

(Sherw
ood et al., 

2006) 
G

eom
etric 

testing 
IV 

U
SA 

15 vehicles all 2005 m
odels (4 m

ain types: 
passenger, 

m
inivans, 

SU
Vs, 

pick-up 
trucks) 

w
ere assessed for their clearance spaces from

 
front seat intrusion into child restraint area.  7 
different child restraints w

ere used and a 12 
m

onth old dum
m

y. Both low
er LATCH

 and 
upper tethers w

ere used - though the latter w
as 

varied to test its effect. 

The geom
etry of the 

back of front seat to 
the front of the child 
restraint 

("RFCR 
clearance 

distance"), 
as w

ell as to the front 
of the 

back seat -in 
various positions/seat 
("FFCR 

excursion 
distance"). 

O
n 

average 
the 

SU
V 

had 
the 

sm
allest 

available 
excursion distance w

hile m
inivans had the largest. For 

FFCR analysis suggests that use of top tether anchorage 
is crucial to the reduction of risk of the child's head 
m

aking contact w
ith the front seat or the dashboard in 

the case of trucks and CRs only being in the front seat. 

U
S vehicles, lim

ited sam
ple of fleet. 

(Skjerven-
M

artinsen et al., 
2014)   

Prospective 
study of 
children in 
m

otor 
vehicles 
crashes in 
w

hich one 
person w

as 
taken to 
hospital. Each 
case w

as 

II 
Sw

eden 
Prospective study of 158 children aged <16 
years in m

otor vehicle crash in w
hich one 

person w
as taken to hospital. Each case w

as 
closely investigated and follow

ed-up including 
exam

ination of the vehicle and interview
ing 

w
itnesses. Injuries occurred from

 N
ovem

ber 
2009 through January 2013. M

ultidisciplinary 
team

 review
 of each case as w

ell as reports 
from

 police and hospitals. Evaluation of any 
safety errors in restraint use including w

rong 

Injuries w
ith AIS of 

>=2 
M

ultivariate m
odelling indicated that the child's age, 

restraint m
isuse and lighting conditions at the tim

e of 
the crash w

ere all independently related to injury 
severity outcom

e. Restraint m
isuse w

as docum
ented 

in 14 of the 15 children w
ith AIS >=3 and w

as 
associated w

ith over 4 tim
es the risk of severe injury 

(AIS.2). U
nsecured cargo also posed a contributor to 

several of the injuries. 

The sm
all sam

ple size (n=158) posed a 
lim

itation to the analysis of factors 
contributing to the risk of injury to different 
body regions or organs, and crash variables.  
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Reference 
Study type 

Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

closely 
investigated 
for crash 
factors and 
those relating 
to the child 
and driver. 

size, tw
isting or slack in straps etc. Crash 

forces and directions w
ere also estim

ated. 

(Tai et al., 2011) 
Laboratory 
study - sled 
testing 

III-2 
Australia 

M
inor restraint m

isuses w
ere tested (single 

and double tw
isting or slack of the internal 

harness strap, and slack of the low
er 

anchorage) in concert w
ith serious incorrect 

uses (such as the harness being below
 the 

shoulder level, an incorrectly routed seat belt, 
considerable slack in the top tether, and in the 
anchorage system

, non-use of low
er or upper 

anchorage and non-buckling of the belt used 
as the low

er anchorage). Data w
as taken from

 
40 frontal crash sled tests (32km

/hr) using an 
instrum

ented 6 m
onth dum

m
y.  High speed 

cam
eras w

ere used to capture head and neck 
m

ovem
ent. 

Head excursion. 
M

ultiple or com
bined m

inor errors in the use of a 
forw

ard facing restraint w
as found to increase the 

am
ount of forw

ard excursion to the level seen w
ith 

serious errors. The excursion of the head increased 
substantially w

hen three m
inor errors w

ere in place. 
U

nexpectedly one of the errors actually reduced the 
head excursion (i.e. show

ed greater safety 
perform

ance) - w
hen the seat belt w

as incorrectly 
routed through the intended rear-facing slots w

hile 
the seat w

as being used in a forw
ard facing m

ode 
(how

ever this is specific to this m
odel of restraint). 

Lim
itations w

ere acknow
ledged to be; the 

dum
m

y’s rigid torso w
hich m

ay not reflect 
the real response of a child in these 
scenarios; the relatively low

 velocities (30-
35 km

/hr) of the crashes m
ay not be 

directly extrapolated to higher velocities; 
the results presented m

ay be an 
underestim

ation of the w
orst cases. O

nly 
one type of child restraint (albeit one of the 
m

ost com
m

on), w
as used so the results m

ay 
not be representative of all other restraints. 

 6.6.2 
Securing the child in the restraint 

 Recom
m

endation 6.2  
For rearw

ard facing child restraints and forw
ard facing child restraints, the internal harness should be done up firm

ly 
and any slack or looseness should be rem

oved. Tw
ists in w

ebbing straps should be avoided. 

O
verall Evidence Grade 

B 
 Table 29: Evidence statem

ent supporting recom
m

endation 6.2 
Evidence statem

ent 
Harness slack can allow

 a child to escape from
 the harness during a crash, and/or allow

 excessive head excursion and increase 
forces on the child, increasing the risk of head and spinal injuries. 

O
verall Grade 

B 
Com

ponent 
Rating 

N
otes 

Evidence base 
Good 

Three field studies, 2 of w
hich included laboratory sim

ulations of key m
isuse scenarios, and 2 other laboratory 

studies all of level III-2 evidence, indicate that harness slack increases the risk of injury, or m
otion of the child (or 

dum
m

y) in the event of a crash to likely lead to injury. 
Consistency 

Excellent 
All studies have findings in the sam

e direction. 
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Public Health Im
pact 

Good 
O

nly one study (Lutz et al., 2003) provided odds ratios of injuries in association w
ith harness slack and this study 

indicated the risk w
as four tim

es. O
ther studies reported head injury indicators w

ere significantly higher w
hen 

there w
as harness slack. 

Generalisability 
Excellent 

A range of study contexts indicates and acceptable generalisability of the findings. 
Applicability 

Excellent 
Three Australian studies, including field and laboratory studies, suggest the findings are applicable to the Australian 
context. 

O
ther factors 

 
References 

(Lalande et al., 2003; Lutz et al., 2003; Brow
n and Bilston, 2006a; Bilston et al., 2007; Brow

n and Bilston, 2007; Lucas et al., 2008; 
Kapoor et al., 2011a; Tai et al., 2011) 

 Field studies in this area face the difficulty of identifying harness slack after a crash, and the reliance on self-reported assessm
ents by parents/drivers of the vehicle 

or in-depth crash investigation, w
hich is expensive. Laboratory studies, w

hich can carefully control for the am
ount of harness slack, are therefore m

ost valuable in 
the findings they provide about injury risk indicators. In all, findings available from

 both types of studies support each other in indicating that spinal injuries occur 
w

hen the child does not fit firm
ly w

ithin the internal harness and excessive head excursion results. As noted by som
e researchers (Arbogast et al., 2002), w

hen the 
CRS harness is loose around the child, the thoracic spine is allow

ed to flex and there is relative m
ovem

ent betw
een the torso of the child and the back of the child 

seat. Significant problem
s can also occur w

hen the harness is loose enough that the child’s arm
s are not both w

ithin the harness w
hich is linked w

ith significantly 
higher head injury values.  
 Adequate harness firm

ness is achieved w
hen no m

ore than tw
o fingers can fit inside the harness w

hen tightened. Loose harnesses can allow
 the child to be ejected 

from
 the restraint during a crash. W

hile studies of tw
ists in harness and tether w

ebbing suggest that 1-2 tw
ists do not significantly degrade perform

ance (Lucas et 
al., 2008; Tai et al., 2011) m

ultiple tw
ists that induce slack, or tw

ists in com
bination w

ith other errors in installation can significantly degrade perform
ance (Tai et 

al., 2011) so they should be m
inim

ised w
here possible. 

Table 30: Sum
m

ary of articles providing evidence for recom
m

endation 6.2 
Reference 

Study type 
Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

(Bilston et al., 
2007) 

O
bservational 

study 
- 

crash 
laboratory 
sim

ulation 
of 

real crashes 

III-2 
AU

S 
Reconstruction of crashes in w

hich 4 children 
aged 2-8 w

ere injured and another 4 w
ith m

inor 
injuries 

- 
assessing 

child 
kinem

atics. 
Com

parison w
ith crashes in w

hich children 
w

ould not have been injured and w
ith crashes 

in w
hich the sam

e restraints w
ere correctly 

w
orn. 

M
easurem

ent 
on 

dum
m

ies of tri-axial 
head 

acceleration 
and 

upper 
neck 

forces and m
om

ents - 
som

e 
had 

tri-axial 
pelvis 

accelerations 
m

easured instead. 

Detailed case by case analysis of real scenario, and 
w

hen varying factors to do w
ith restraint use in the lab. 

Results indicate that inappropriate use and m
isuse of 

restraint by child occupants can result in unfavourable 
kinem

atics - exposing child to high risk of injury. 

Dum
m

y sensors w
ere not useful in predicting 

injury (as evidenced by the injuries sustained 
in the real situations).  Differences in crash 
factors (not being able to replicate it exactly) 
m

ay have contributed. 

(Brow
n and 

Bilston, 2006a) 
Laboratory 
testing 

 
- 

based on real-
w

orld crashes 

III-2 
AU

S 
152 Children aged 2-8 presenting to a paediatric 
hospital betw

een July 2003 and January 2005. 
Cases w

here good restraint inform
ation could 

be 
determ

ined 
w

ere 
kept, 

leaving 
142. 

Restraint use w
as labelled as either appropriate 

or 
inappropriate, 

and 
correct 

or 
incorrect. 

Laboratory 
testing 

of 
m

isuse 
m

odes 
w

as 
perform

ed 

Injuries - by M
AIS and 

ISS codes – in three 
levels; 

m
inor 

injury 
(ISS>4), 

m
oderate 

injury 
(ISS>9), 

and 
severe injury (ISS>15). 

Incorrectly restrained children w
ere 7 tim

es m
ore likely 

to sustain life-threatening injuries. There w
as a higher 

proportion of abdom
inal injury am

ong those incorrectly 
restrained (unadjusted O

R for abdom
inal injury in 

incorrectly restrained 2.1, CI 95%
 0.39-10.7, adjusted 

1.8, 
CI 

95%
 

0.34-9.5). 
Inappropriate 

restraint 
use, 

including prem
ature graduation to an adult seat belt, 

w
as seen as the m

ost com
m

on form
 of sub-optim

al 
restraint use. 

The 
field 

sam
ple 

m
ay 

be 
m

ore 
biased 

tow
ards m

ore serious crashes as children 
w

ere collected follow
ing adm

ittance to the 
em

ergency departm
ent.  
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Reference 
Study type 

Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

(Brow
n and 

Bilston, 2007) 
Retrospective 
case 

review
, 

portion 
w

ith 
in-depth 
investigation 
including 
laboratory 
sim

ulation 
of 

m
ain 

use 
errors. 

III-2 
AU

S 
Review

 of 152 children aged 2-8 years and 
restraints involved in crashes and presenting to 
a 

paediatric 
em

ergency 
departm

ent. 
Assessm

ent of restraint use, quality of restraint, 
data on heights and w

eights from
 interview

 or 
m

edical 
records 

- 
or 

age-based 
estim

ates.  
Com

parisons m
ade betw

een appropriate and 
inappropriate use and fit for size.  Also 6 sled 
crash tests w

ere done to sim
ulate outcom

es in 
optim

al and sub-optim
al restraint use. 

Correct/incorrect use 
of 

restraint 
(appropriateness 

of 
restraint for child and 
correct 

use). 
Laboratory testing of 
head 

accelerations, 
neck 

loads 
and 

m
om

ents, 
dum

m
y 

m
otions 

and 
head 

displacem
ent. 

O
f the 142 cases for w

hich quality of restraint use w
as 

know
n, 82%

 w
ere sub-optim

ally restrained - w
ith 78%

 
using inappropriate restraint for size. An injury AIS 2+ 
(serious 

w
as 

incurred 
by 

0%
 

of 
those 

w
ho 

w
ere 

appropriately 
restrained 

and 
28%

 
of 

those 
inappropriately 

restrained 
(not 

significant 
after 

controlling for crash severity); and m
oderate injuries 

w
ere incurred by 22%

 and 57%
 (p<0.05) respectively.  

Incorrect use w
as associated w

ith 6 tim
es the risk of life-

threatening injury after controlling for crash severity. 
Laboratory testing confirm

ed that excessive torso and 
head m

ovem
ent occurs w

ith incorrect belt use. Results 
suggest that incorrect use of a restraint is potentially 
m

ore serious in term
s of risk of injury than using the 

incorrect restraint for size. 

Q
uality assessm

ents not m
ade blind to the 

injury 
outcom

e. 
Convenience 

sam
ple 

of 
children presenting to hospital - excludes 
m

inor injuries and deaths.  Lim
ited data 

available as used case review
 only - not 

collected system
atically.  

(Kapoor et al., 
2011) 

Laboratory 
crash 
sim

ulations 

III-2 
U

SA 
A Q

3 and Hybrid III 3 year old dum
m

y w
ere used 

in full frontal and near side im
pact testing 

conditions 
under 

a 
num

ber 
of 

conditions. 
Experim

ental sled testing w
as conducted to 

investigate of tw
o types of m

isuse; top tether 
absence and seat belt slack.  

Head 
and 

chest 
accelerations, 

neck 
loads and m

om
ents.  

A slight increase in the forw
ard displacem

ent of the 
dum

m
y’s head w

as observed due to the presence of 
slack in the seat belt w

ebbing. Peak head accelerations 
w

ere 20%
 greater w

hen seat belt slack w
as present. 

Low
er neck forces w

ere increased by 75-85%
 in the Q

3 
dum

m
y w

hen the seat belt w
as not sufficiently tight. 

During side im
pacts, head acceleration w

as 15%
 greater 

w
hen the seat belt w

as slackened. Additionally, upper 
neck forces w

ere increased by 15%
 in the Hybrid III 

dum
m

y.  

Sim
ilar lim

itations to all laboratory studies. 

(Lalande et al., 
2003) 

Laboratory 
sled test 

III-2 
CAN

 
44 dynam

ic sled tests w
ith frontal im

pact using 
an 

anthropom
etric 

3 
year 

old 
dum

m
y 

in 
forw

ard facing CRs in som
e com

m
on m

isuse 
m

odes. Three restraints types w
ere used: 5-

point harness, T-shield, and an overhead shield 
configuration. 

Each 
type 

w
as 

m
easured 

in 
correct m

ode, as a baseline, and m
isuse m

odes. 
Repeat tests w

ere done for each m
ode. 

N
eck 

forces, 
head 

excursion 
and 

head 
and 

chest 
acceleration, 
shoulder loading.  

Pulling the dum
m

y's arm
s through the shoulder harness 

had the m
ost significant negative effect on safety in all 

3 restraint types. The next m
ost detrim

ental m
isuse 

m
ode w

as adding 3 inches of slack to the shoulder 
harness, the tether and the seat belt. All three restraint 
types 

had 
poorer 

results 
w

ith 
increased 

shoulder 
harness slack (80-100%

 increased low
er neck forces and 

50%
 increased shoulder forces).   Introducing harness 

slack had an im
portant im

pact on neck loading w
hile 

tether slack w
as associated w

ith greater head and chest 
acceleration. Perform

ance w
orsened w

ith the num
ber 

of tw
ists of the shoulder harness.   The effect of chest 

clip use w
as im

portant especially w
ith regard to neck 

injury values and head injury risk w
as m

ost affected by 
incorrect routing of the seat belt. 

The 
testing 

bench 
em

ployed 
could 

not 
account for the large num

ber of vehicle seat 
and set belt configurations. Som

e features of 
the test bench are not sim

ilar to m
odern 

vehicles. 

(Lucas et al., 
2008) 

Laboratory 
sled test 

III-2 
AU

S 
15 com

m
on m

isuse m
odes of forw

ard facing 
CRs 

w
ere 

tested 
via 

32 
sim

ulated 
oblique 

im
pact crashes and com

pared w
ith correct use 

of FFCR. O
f the 15 m

isuse m
odes, 8 represented 

usage errors and 7 installation errors. 

Head 
accelerations, 

and head excursion v 
values 

w
hich 

w
ere 

used 
to 

estim
ate 

a 
head 

injury 
criteria 

(HIC). 

The m
ajority of m

isuse m
odes w

ere associated w
ith a 

higher HIC com
pared to correct use. The highest HIC 

values w
ere w

hen the tether w
as not used (82%

 higher) 
or 

w
as 

loosely 
attached 

(70%
 

higher). 
The 

w
orst 

configuration in term
s of head excursion w

as w
hen both 

arm
s w

ere not w
ithin the harness and the slack left in 

the harness w
as 75m

m
. M

ost m
odes of m

isuse had 
greater head injury potential than installation errors. 

W
hile head injuries are generally associated 

w
ith contact w

ith the vehicle - this w
as not 

directly tested - so im
pact forces w

ere not 
m

easured. 

(Lutz et al., 2003) 
Data 

review
 

from
 

insurance 
claim

s 
database, 
onsite 

crash 
scene 

III-2 
U

SA 
State Farm

 insurance claim
s (Dec 1998 - Aug 

2001) in 16 states plus DC. Passenger vehicles 
1990 

or 
new

er. 
Interview

 
data 

on 
injuries 

sustained and restraint use for 13,558 children 
in 10,594 crashes. Paired inform

ation on 164 
children to com

pare parental reporting and 
vehicle inspection regarding restraint type. 

Body region by injury 
severity (AIS <2 and 
2+) 

focus 
on 

abdom
inal injuries.  

O
f sam

ple 56%
 w

ere optim
ally restrained and 44%

 sub-
optim

ally restrained. Com
pared to those w

ho w
ere 

optim
ally restrained, those w

ho w
ere sub-optim

ally 
restrained w

ere 4 tim
es m

ore likely to sustain a hollow
 

than a solid visceral injury.  

Lim
itation w

ith surveillance system
 - only 

those vehicles insured and only vehicles 1990 
or 

new
er. 

N
early 

all 
inform

ation 
w

as 
obtained from

 parents reporting. 



 Technical Report 
 

 
 

 
 

 
 Page | 94  

Reference 
Study type 

Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

inspection 
&

 
telephone 
survey. 

(Rola and 
Rzym

kow
ski 2015)   

M
odelling 

different 
variables from

 
sled 

test 
results 

III-2 
Poland 

M
odelling 

using 
M

adym
o 

 
v7.5.2 

 
and  

HyperW
orks  v13  softw

are w
as done, based on 

sled test results w
ith a 3 year old dum

m
y in a 

FF-CRS 
5-point 

harness. 
A 

com
bination 

of 
different 

factors 
w

as 
m

odelled, 
including 

factors relating to the child restraint and to the 
child safety belt. 

Head resultant 
accelerations and 
chest resultant 
accelerations and 
estim

ated injury to 
the head, chest and 
neck for a three year 
old. 

The occurrence of slack in belts w
as seen to increase the 

chest resultant acceleration. The addition of a safety 
device (a seat belt retractor pretensioner, a load lim

iter 
and 

a 
special 

airbag) 
w

as 
seen 

to 
reduce 

this 
acceleration.  The airbag w

as observed to distribute the 
forces over a w

ider area of the body and lim
iting the 

relative m
otion betw

een the head and the thorax in a 
controlled w

ay.  High neck loads occurred.  

M
any 

factors 
associated 

w
ith 

real-w
orld 

crashes could not be exam
ined, including: 

interior vehicle structures, different vehicle 
types, 

different 
installation 

m
odes, 

and 
various seat back angles - and the crash 
scenario w

as lim
ited to front crash (not 

oblique or side-im
pact). 

(Tai et al., 2011) 
Laboratory 
study 

- 
sled 

testing 

III-2 
Australia 

M
inor restraint m

isuses w
ere tested (single and 

double tw
isting or slack of the internal harness 

strap, and slack of the low
er anchorage) in 

concert w
ith serious incorrect uses (such as the 

harness being below
 the shoulder level, an 

incorrectly routed seat belt, considerable slack 
in the top tether, and in the anchorage system

, 
non-use of low

er or upper anchorage and non-
buckling 

of 
the 

belt 
used 

as 
the 

low
er 

anchorage). Data w
as taken from

 40 frontal 
crash 

sled 
tests 

(32km
/hr) 

using 
an 

instrum
ented 6 m

onth dum
m

y.  High speed 
cam

eras w
ere used to capture head and neck 

m
ovem

ent. 

Head excursion. 
M

ultiple or com
bined m

inor errors in the use of a 
forw

ard facing restraint w
as found to increase the 

am
ount of forw

ard excursion to the level seen w
ith 

serious errors. The excursion of the head increased 
substantially w

hen three m
inor errors w

ere in place. 
U

nexpectedly one of the errors actually reduced the 
head 

excursion 
(i.e. 

show
ed 

greater 
safety 

perform
ance) - w

hen the seat belt w
as incorrectly 

routed through the intended rear-facing slots w
hile the 

seat w
as being used in a forw

ard facing m
ode (how

ever 
this m

ight be lim
ited to this m

odel of restraint). 

Lim
itations w

ere acknow
ledged to be the 

dum
m

y’s rigid torso w
hich m

ay not reflect 
the 

real 
response 

of 
a 

child 
in 

these 
scenarios, the relatively low

 velocities (30-35 
km

/hr) of the crashes m
ay not be directly 

extrapolated to higher velocities. The results 
m

ay be an underestim
ation of the w

orst 
cases. O

nly one type of child restraint (albeit 
one of the m

ost com
m

on), w
as used so the 

results m
ay not be representative of all other 

restraints. 

  Recom
m

endation 6.3 
For rearw

ard and forw
ard facing child restraints, the appropriate shoulder harness strap slot for the child’s size m

ust 
be used, and these need to be adjusted as the child grow

s.  
• 

for rearw
ard facing child restraints, the strap slot nearest to the child’s shoulders, but not below

 the shoulders, 
should be used. 

• 
for forw

ard facing child restraints, the strap slot nearest to the child’s shoulders, but not m
ore than 2.5cm

 
below

 the shoulders, should be used. 

O
verall Evidence Grade 

C 
 Table 31: Evidence statem

ent supporting recom
m

endation 6.3 

Evidence statem
ent 

Too low
 a harness can allow

 shoulders to escape and potentially allow
 the child to be ejected in a crash or can apply high 

com
pressive forces on a child’s spine. 
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O
verall Grade 

C 
Com

ponent 
Rating 

N
otes 

Evidence base 
Satisfactory 

Evidence for com
pressive spinal force increases is lim

ited to one Australian laboratory study and one field study of 
child restraint m

isuse w
hich suggests that low

 shoulder slots height m
ake poor positioning of the harness m

ore 
likely. The link to real-w

orld injuries is not direct, relying on separate studies that indicate that having the shoulders 
out of the harness increases injury risk ( Lalande et al., 2003; Lucas et al., 2008), lim

iting the strength of the evidence 
base. 

Consistency 
Satisfactory 

There is only one study of each aspect, and w
hile they both agree on the need to use the nearest shoulder harness 

strap slot to the child’s shoulders, confirm
atory evidence is not available for either. 

Public Health Im
pact 

U
nknow

n 
The laboratory study show

ed m
odest increases in com

pressive spine forces w
hen the harness is too low

. The link 
to injury risk in real-w

orld crashes is not know
n. Precise estim

ates of the increased risk of injury associated w
ith 

having the shoulder harness off the shoulder as a result of having the slot height adjusted too low
 are not available, 

but escape of the torso from
 the harness is associated w

ith increased serious injury risk (Lalande et al., 2003; Lucas 
et al., 2008).   

Generalisability 
Satisfactory 

O
nly tw

o types of restraints and one collision type w
ere tested in the laboratory study in 1996, and these restraints, 

w
hile Australian, m

ay no longer be available in Australia. The generalisability to all children in all restraint currently 
used in Australia is lim

ited. The field study of m
isuse is reasonably representative of the Australian population, 

based on a population representative sam
ple design, albeit only in one state (N

SW
).  

Applicability 
Satisfactory 

Both studies are relevant to Australia. 
O

ther factors 
 

References 
(Sam

pson et al., 1996; Brow
n and Bilston, 2007; Brow

n et al., 2010a) 
 This recom

m
endation is based on lim

ited field data (individual cases in larger studies) and one laboratory study. Field data are lim
ited, in part because it is typically 

very difficult to retrospectively identify w
hether the appropriate shoulder slot w

as used, as the crash investigator rarely sees the child in situ. O
bservational studies 

of child restraints being used in the field show
 that children using low

 slots are m
ore likely to have the shoulder straps off the shoulder (Brow

n et al., 2010a), and 
field studies and tw

o laboratory studies (Lalande et al., 2003; Lucas et al., 2008) have show
n that having the shoulders out of the harness is likely to substantially 

increase the risk of injury. O
ne additional laboratory study conducted dem

onstrated that a low
 slot can increase the com

pressive forces in a child dum
m

y’s spine, 
but the applicability of these findings to the real-w

orld are not certain, due to potential lim
itations in the biofidelity of the spine in child dum

m
ies. Restraint 

m
anufacturers recom

m
end that in rearw

ard facing restraints, the slot nearest to the child’s shoulders, but not below
 them

 should be used. In forw
ard facing 

restraints, the slot nearest to the child’s shoulders, but not m
ore than 2.5cm

 below
 their shoulders should be used, to m

inim
ise the potential for com

pressive forces 
in the child’s spine (Sam

pson et al., 1996). How
ever, there is a paucity of field data on the im

pact of shoulder harness strap slot height on injury outcom
es. Further 

research is required on this issue. 
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Table 32: Sum
m

ary of articles providing evidence for recom
m

endation 6.3 
Reference 

Study type 
Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

(Brow
n and 

Bilston, 2007) 
Case review

 of 
children 

2-8 
injured 

as 
occupants 

of 
crashed 
vehicles. 

III-2 
AU

S 
Assessm

ent 
of 

restraint 
use, 

quality 
of 

restraint, data on heights and w
eights from

 
interview

 or m
edical records - or age-based 

estim
ates. 

Com
parisons 

m
ade 

betw
een 

appropriate and inappropriate use and fit for 
size.  Also 6 sled crash tests w

ere done to 
sim

ulate 
outcom

es 
in 

optim
al 

and 
sub-

optim
al restraint use. 

Correct/incorrect 
use 

of 
restraint (appropriateness 
of restraint for child and 
correct 

use). 
Laboratory 

testing 
of 

head 
accelerations, neck loads 
and 

m
om

ents, 
dum

m
y 

m
otions 

and 
head 

displacem
ent. 

Review
 of 152 children and restraints involved in 

crashes - 82%
 w

ere sub-optim
ally restrained - w

ith 78%
 

using inappropriate restraint for size. Results suggest 
that incorrect use of a restraint is potentially m

ore 
serious in term

s of risk of injury than using the incorrect 
restraint for size. 

Q
uality assessm

ents not m
ade blind to the 

injury 
outcom

e. 
Convenience 

sam
ple 

of 
children presenting to hospital - excludes 
m

inor injuries and deaths.  Lim
ited data 

available as used case review
 only - not 

collected system
atically.  

 (Brow
n et al., 

2010a) 
Laboratory 
testing 

- 
sim

ulated 
front-im

pact, 
instrum

ented 
dum

m
ies and 

high-speed 
cam

eras 

III-2 
AU

S 
Laboratory sim

ulated frontal crash using a 6 y-
o dum

m
y and 3 different restraint system

s: 
correct and incorrect harness use and a lap-
shoulder belt - using tw

o different kinds of 
booster seats. 

Dum
m

y 
m

otion, 
belt 

loads, 
neck 

forces 
and 

m
om

ents, head and knee 
m

om
ents. Subm

arining as 
determ

ined visually. 

Results suggested that correctly used harness did not 
perform

 any better than the lap and shoulder belt - 
either on its ow

n or w
ith tw

o com
m

on types of booster 
seats.  Incorrect use of the harness - causing the lap belt 
to be high and positioned over the abdom

en, allow
ed 

for subm
arining to occur. Subm

arining did not occur 
w

hen the booster w
as used and the lap belt kept low

 on 
either restraint tested. 

Som
e lim

itations in the use of dum
m

y head 
and neck responses to sim

ulate real crash 
scenarios - biofidelity of the dum

m
ies is 

unknow
n. O

nly one m
odel of harness w

as 
tested, and tw

o booster seat types - other 
com

binations m
ay results in som

e different 
outcom

es. 
Real 

postures 
of 

children 
are 

difficult to sim
ulate in dum

m
ies. Subm

arining 
w

as determ
ined visually w

hich m
ay be open 

to a level of subjectivity. 
(Sam

pson et al., 
1996) 

Laboratory 
testing - sled 
tests 

III-2 
AU

S 
Sixteen tests w

ere conducted using 2 forw
ard 

facing restraints w
ith a 6 m

onth-old and 18 
m

onth-old dum
m

ies in frontal tests to test 
tw

o different heights for shoulder straps.  
Accelerators and load cells and high-speed 
cam

eras w
ere used to m

easure outcom
es. 

Acceleration of head chest 
and 

pelvis, 
forces 

and 
m

om
ents in the neck and 

lum
bar spine. 

Harness m
ounting locations below

 shoulder height 
w

ere associated w
ith greater lum

bar com
pressive force 

than w
hen positioned at the sam

e height as the 
shoulder. 

 
Harness 

heights 
above 

the 
shoulder 

produced slightly low
er head and neck loads (com

pared 
to those at shoulder height).  In all cases, higher 
positioning of shoulder harness better lim

ited the 
dum

m
y’s head excursion. 

Authors concluded that optim
al level is at 

shoulder height, but if it has to be above or 
below

 it is better to be above.  Testing did not 
take into account behaviour of children in 
these age groups w

hile seated in CRSs – as 
just a static dum

m
y w

as used. 

  Consensus Based 
Recom

m
endation 6.4 

Excess w
ebbing from

 restraint tether straps should be secured and stored w
here it cannot fall out a car door or be 

reached by a child.  

 This consensus-based recom
m

endation is based on expert opinion, taking into account the follow
ing factors and inform

ation. Frequently child restraint top tether 
straps have excess w

ebbing w
hen installed in m

any vehicles. If the excess tether strap is not secured, it could potentially pose a hazard if dangling out of a vehicle 
door, or if they becam

e looped around a child. W
hile there are no published reports of these causing a problem

, there are anecdotal reports of severe injuries caused 
w

hen an unsecured tether strap has becom
e entangled w

ith the vehicle w
heel.  
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 Recom
m

endation 6.5  
For booster seats, all supplied seat belt guides m

ust be used, including any designed to position the sash belt and/or 
the lap belt. The seat belt path should be follow

ed exactly, care taken that features designed to locate the seat belt 
low

 across the hips (e.g. arm
rests) are used correctly. The seat belt m

ust not be w
orn under the arm

 or behind the 
back. 

O
verall Evidence Grade 

B 
 Table 33: Evidence statem

ent supporting recom
m

endation 6.5 

Evidence statem
ent 

Incorrect use of booster seats reduces their effectiveness in crashes. 

O
verall Grade 

B 
Com

ponent 
Rating 

N
otes 

Evidence base 
Good 

The three laboratory studies (one based on field observations of restraint use errors linked w
ith injury outcom

es) 
all indicated that the risk of injury increases w

hen restraints are not used correctly.   

Consistency 
Excellent 

The laboratory studies w
ere all consistent in the direction of their findings. 

Public Health Im
pact 

U
nknow

n 
As data are lim

ited to laboratory studies, the public health im
pact is not directly m

easurable.  

Generalisability 
Satisfactory 

As data are lim
ited to laboratory studies, the generalisability is lim

ited but can be assum
ed to apply to different 

racial and cultural groups equally. 
Applicability 

Good 
The testing of a range of m

isuse m
odes are based on com

m
on form

s observed in the field, a range of booster types 
have been sim

ulated, m
ostly in frontal or oblique crashes, giving the findings reasonable. 

O
ther factors 

 
References 

(Brow
n et al., 2005; Brow

n et al., 2006b; Bilston et al., 2007; Brow
n and Bilston, 2007; Lucas et al., 2008; Tai et al., 2011) 

 It is very difficult to identify incorrect seat belt routing, and non-use of positioning features in field studies unless they are reported by parents or carers. Lim
ited 

field data exists, consisting only of a few
 cases in larger series of injuries due to seat belt m

isuse in boosters. A sm
all num

ber of cases w
here such m

isuse has been 
identified have been sim

ulated in the laboratory (e.g.(Bilston et al., 2007)) suggesting that the injuries sustained could have been prevented by correct restraint use. 
Larger laboratory crash studies of incorrect restraint use have studied the effect of incorrect seat belt routing, non-use of seat belt guides, and dem

onstrated that 
these form

s of m
isuse appear likely to reduce the protection afforded by booster seats. A lim

itation of the field studies is that they do not separate booster seat 
m

isuse from
 other types of child restraint in estim

ating odds ratios.  
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Table 34: Sum
m

ary of articles providing evidence for recom
m

endation 6.5 
Reference 

Study type 
Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

(Bilston et al., 
2007) 

O
bservational 

study - crash 
laboratory 
sim

ulation 
of 

real crashes 

III-2 
AU

S 
Reconstruction of crashes in w

hich 4 children 
aged 2-8 w

ere injured and another 4 w
ith 

m
inor injuries - assessing child kinem

atics. 
Com

parison w
ith crashes in w

hich children 
w

ould 
not 

have 
been 

injured 
and 

w
ith 

crashes in w
hich the sam

e restraints w
ere 

correctly w
orn. 

M
easurem

ent 
on 

dum
m

ies of tri-axial head 
acceleration 

and 
upper 

neck forces and m
om

ents - 
som

e had tri-axial pelvis 
accelerations 

m
easured 

instead. 

Detailed case by case analysis of real scenarios, and 
w

hen varying factors to do w
ith restraint use in the lab. 

Results indicate that inappropriate use and m
isuse of 

restraint by child occupants can result in unfavourable 
kinem

atics - exposing child to high risk of injury. 

Dum
m

y sensors w
ere not useful in predicting 

injury (as evidenced by the injuries sustained 
in the real situations).  Differences in crash 
factors (not being able to replicate it exactly) 
m

ay have contributed to findings. 

(Brow
n and 

Bilston, 2007) 
Case review

 of 
children 

2-8 
injured 

as 
occupants 

of 
crashed 
vehicles. 

III-2 
AU

S 
Assessm

ent 
of 

restraint 
use, 

quality 
of 

restraint, data on heights and w
eights from

 
interview

 or m
edical records - or age-based 

estim
ates. 

 
Com

parisons 
m

ade 
betw

een 
appropriate and inappropriate use and fit for 
size.  Also 6 sled crash test w

ere done to 
sim

ulate 
outcom

es 
in 

optim
al 

and 
sub-

optim
al restraint use. 

Correct/incorrect 
use 

of 
restraint (appropriateness 
of restraint for child and 
correct 

use). 
Laboratory 

testing of neck loads head 
accelerations, 

and 
m

om
ents, dum

m
y m

otions 
and head displacem

ent. 

Review
 of 152 children and restraints involved in 

crashes - 82%
 w

ere sub-optim
ally restrained - w

ith 78%
 

using inappropriate restraint for size. Considerable 
detail on the m

om
ent and injury outcom

es linked w
ith 

a range of restraint use and m
isuse. Results suggest that 

incorrect use of a restraint is potentially m
ore serious 

in term
s of risk of injury than using the incorrect 

restraint for size. 

Q
uality assessm

ents not m
ade blind to the 

injury 
outcom

e. 
Convenience 

sam
ple 

of 
children presenting to hospital - excludes 
m

inor injuries and deaths.  Lim
ited data 

available as used case review
 only - not 

collected system
atically.  

(Brow
n et al., 

2005) 
Review

 
of 

m
edical 

record 
data 

crash 
investigation 
and interview

 
w

ith 
the 

driver. 

III-2 
AU

S 
152 Children aged 2-8 presenting to 1 of from

 
2 paediatric hospitals in Sydney, as a result of 
a M

VC. Interview
s w

ere conducted w
ith the 

driver and an inspection of the vehicle before 
repair, w

here possible. O
ptim

al restraints 
w

ere for 2-4 year olds: forw
ard facing w

ith a 
6-point internal harness, for 4-6 year olds - 
belt positioning booster seat w

ith lap-sash 
belt, and 6-8 year olds an adult lap-sash belt. 
Crash im

pact param
eters w

ere calculated, 
age and height and w

eight w
ere collected. 

Data 
from

 
Henderson's 

1994 
study 

w
as 

analysed. 

Injuries - by AIS code. 
93%

 of the cases w
ere in som

e restraint, 62%
 of these 

w
ere in an adult seat belt. 20%

 of 2 year olds w
ere in an 

adult seat belt - and this increased w
ith age to over 90%

 
of 8 year olds. O

nly 18%
 of children w

ere optim
ally 

restrained. A non-significant difference betw
een the 

proportion of sub-optim
ally restrained children w

ho 
w

ere injured (76%
) and those optim

ally restrained 
(61%

) - but w
hen exam

ining only serious injuries the 
difference 

w
as 

significant 
(29%

 
versus 

0%
 

respectively).  
Younger 

children 
w

ho 
are 

inappropriately restrained are at higher injury risk than 
older children. Few

er children unrestrained (3%
) than 

10 years earlier in the Henderson study (11%
). 

Sam
ple 

w
as 

from
 

paediatric 
teaching 

hospitals so biased tow
ards m

ore serious 
injuries. Cross validation of findings done on 
several 

factors. 
O

ptim
al 

restraint 
w

as 
adapted from

 the Am
erican Academ

y of 
Paediatrics guidelines (2005). M

isuse w
as not 

able to be included, except w
here gross 

m
isuse 

w
as 

evident 
as 

noted 
on 

the 
am

bulance form
 or m

edical record.  

(Brow
n et al., 

2006a) 
Retrospective 
case 

review
, 

portion 
w

ith 
in-depth 
investigation 
including 
laboratory 
sim

ulation 
of 

m
ain 

use 
errors. 

III-2 
AU

S 
Review

 of 152 children aged 2-8 years and 
restraints involved in crashes and presenting 
to 

a 
paediatric 

em
ergency 

departm
ent. 

Assessm
ent 

of 
restraint 

use, 
quality 

of 
restraint, data on heights and w

eights from
 

interview
 or m

edical records - or age-based 
estim

ates. 
 

Com
parisons 

m
ade 

betw
een 

appropriate and inappropriate use and fit for 
size.  Also 6 sled crash tests w

ere done to 
sim

ulate 
outcom

es 
in 

optim
al 

and 
sub-

optim
al restraint use 

Correct/incorrect 
use 

of 
restraint (appropriateness 
of restraint for child and 
correct 

use). 
Laboratory 

testing 
of 

head 
accelerations, neck loads 
and 

m
om

ents, 
dum

m
y 

m
otions 

and 
head 

displacem
ent. 

O
f the 142 cases for w

hich quality of restraint use w
as 

know
n, 82%

 w
ere sub-optim

ally restrained - w
ith 78%

 
using inappropriate restraint for size. An injury AIS 2+ 
(serious 

w
as 

incurred by 
0%

 of 
those w

ho 
w

ere 
appropriately 

restrained 
and 

28%
 

of 
those 

inappropriately 
restrained 

(not 
significant 

after 
controlling for crash severity); and m

oderate injuries 
w

ere incurred by 22%
 and 57%

 (p<0.05) respectively.  
Incorrect use w

as associated w
ith 6 tim

es the risk of 
life-threatening 

injury 
after 

controlling 
for 

crash 
severity. Laboratory testing confirm

ed that excessive 
torso and head m

ovem
ent occurs w

ith incorrect belt 
use. Results suggest that incorrect use of a restraint is 
potentially m

ore serious in term
s of risk of injury than 

using the incorrect restraint for size. 

Q
uality assessm

ents not m
ade blind to the 

injury 
outcom

e. 
Convenience 

sam
ple 

of 
children presenting to hospital - excludes 
m

inor injuries and deaths.  Lim
ited data 

available as used case review
 only - not 

collected system
atically.  

(Lucas et al., 
2008) 

Laboratory 
sled test 

III-2 
AU

S 
15 com

m
on m

isuse m
odes of forw

ard facing 
CRs w

ere tested. 
Head 

accelerations, 
and 

head 
excursion 

v 
values 

w
hich 

w
ere 

used 
to 

estim
ate 

a 
head 

injury 
criteria (HIC). 

The m
ajority of m

isuse m
odes w

ere associated w
ith a 

higher HIC com
pared to correct use. The highest HIC 

values w
ere w

hen the tether w
as not used (82%

 higher) 
or 

w
as 

loosely 
attached 

(70%
 

higher). 
The 

w
orst 

configuration in term
s of head excursion w

as w
hen 

both arm
s w

ere not w
ithin the harness and the slack 

left in the harness w
as 75m

m
. M

ost m
odes of m

isuse 
had greater head injury potential than installation 
errors. 

W
hile head injuries are generally associated 

w
ith contact w

ith the vehicle - this w
as not 

directly tested - so im
pact forces w

ere not 
m

easured. 
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Reference 
Study type 

Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

(Tai et al., 2011) 
Laboratory 
study 

- 
sled 

testing 

III-2 
AU

S 
M

inor restraint m
isuses w

ere tested (single 
and double tw

isting or slack of the internal 
harness 

strap, 
and 

slack 
of 

the 
low

er 
anchorage) in concert w

ith serious incorrect 
uses (such as the harness being below

 the 
shoulder level, an incorrectly routed seat 
belt, considerable slack in the top tether, and 
in the anchorage system

, non-use of low
er or 

upper anchorage and non-buckling of the 
belt used as the low

er anchorage). Data w
as 

taken 
from

 
40 

frontal 
crash 

sled 
tests 

(32km
/hr) using an instrum

ented 6 m
onth 

dum
m

y.  H
igh speed cam

eras w
ere used to 

capture head and neck m
ovem

ent. 

Head excursion. 
M

ultiple or com
bined m

inor errors in the use of a 
forw

ard facing restraint w
as found to increase the 

am
ount of forw

ard excursion to the level seen w
ith 

serious errors. The excursion of the head increased 
substantially w

hen three m
inor errors w

ere in place. 
U

nexpectedly one of the errors actually reduced the 
head 

excursion 
(i.e. 

show
ed 

greater 
safety 

perform
ance) - w

hen the seat belt w
as incorrectly 

routed through the intended rear-facing slots w
hile the 

seat w
as being used in a forw

ard facing m
ode (how

ever 
this m

ight be lim
ited to this m

odel of restraint). 

Lim
itations w

ere acknow
ledged to be the 

dum
m

y’s rigid torso w
hich m

ay not reflect 
the 

real 
response 

of 
a 

child 
in 

these 
scenarios, the relatively low

 velocities (30-35 
km

/hr) of the crashes m
ay not be directly 

extrapolated to higher velocities. The results 
m

ay be an underestim
ation of the w

orst 
cases. O

nly one type of child restraint (albeit 
one of the m

ost com
m

on), w
as used so the 

results m
ay not be representative of all other 

restraints. 

  Recom
m

endation 6.6  
W

hen using lap-sash seat belts, the sash belt should be positioned over the m
id-shoulder and not be w

orn 
under the arm

 or behind the back. 

O
verall Evidence Grade 

B 
 Table 35: Evidence statem

ent supporting recom
m

endation 6.6 

Evidence statem
ent 

Incorrect use of the sash belt increases the risk of abdom
inal, lum

bar spine and head injuries in crashes 

G
rade 

B 

Com
ponent 

Rating 
N

otes 
Evidence base 

Good 
W

hile only five studies have directly exam
ined incorrect use of seat belts in children, there is a solid evidence base 

for the reduction in safety in lap-only seat belts com
pared to lap-sash seat belts, and incorrect use of the shoulder 

belt effectively converts a lap-sash seat belt to a lap-only seat belt. 
Consistency 

Good 
There is good agreem

ent am
ong the studies that incorrect seat belt use reduces the effectiveness of the seat belt. 

Public Health Im
pact 

Excellent 
The studies of incorrect use of sash belts did not provide estim

ates of relative risk, but tw
o studies of lap-only seat 

belts com
pared to lap-sash seat belts reported a doubling of the serious injury risk associated w

ith lap-only seat belts 
com

pared to lap-sash seat belts. 
Generalisability 

Good 
Study sam

ples have been reasonably representative of the w
hole population, and specific sub-populations not 

represented in existing data are not know
n to have features that w

ould affect their risk of injury in these 
circum

stances, so the findings available are generalisable. 



 Technical Report 
 

 
 

 
 

 
 Page | 100  

Applicability 
Good 

Lap and lap-sash seat belt designs are sim
ilar in vehicles internationally, so the available studies (Australian and 

international) are applicable to current vehicles and children in Australia. Lap-only seat belts are becom
ing less 

com
m

on in centre rear positions in vehicles as their reduced protection is w
ell established. The applicability of the 

lap-only vs. lap-sash seat belt studies to seat belt m
isuse has not need directly proven. 

O
ther factors 

 
 

References 
 

(Johnston et al., 1994; Lane, 1994; Henderson et al., 1997; Gotschall et al., 1998a; Lapner et al., 2001; Arbogast et 
al., 2007; Bilston et al., 2007)   

 Incorrect use of the sash belt by placing the belt behind the back effectively converts the lap-sash seat belt into a lap-only seat belt. There are several studies that 
dem

onstrate the benefits of lap-sash seat belts com
pared w

ith lap-only seat belts as noted in the table above, w
hich are applicable to this situation. Placing the sash 

belt under the arm
 provides no restraint for the upper torso, sim

ilar to a lap-only seat belt, but applies the sash belt forces directly to the upper abdom
en and/or 

low
er rib cage, w

hich is a potentially different injury m
echanism

.  U
pper abdom

inal injuries and spinal fractures have been show
n to be associated w

ith, or directly 
attributable to, this type of seat belt m

isuse (Arbogast et al., 2007; Skjerven-M
artinsen et al., 2014). 

 Table 36: Sum
m

ary of articles providing evidence for recom
m

endation 6.6 
Reference 

Study type 
Level 

of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

(Arbogast et al., 
2007) 

Retrospective 
data review

 - 
child injury 
surveillance 
system

 

III-2 
U

SA 
Abdom

inal 
injuries 

(n=21) 
com

pared 
to 

those w
ithout abdom

inal injuries (N
=16) in 

children 
15 

years 
or 

less. 
Detailed 

case 
review

 of those 
under 

12 sustaining 
an 

abdom
inal injury (AIS >2) from

 a frontal 
crash.  A second group w

ith sim
ilar crashes 

but w
ithout severe abdom

inal injury w
ere 

review
ed. 

Abdom
inal or chest w

all 
injury 

(AIS 
>2) 

- 
other 

injuries. 

Belt loading directly over the injured 
organs w

as 
responsible for the m

ajority of the abdom
inal injuries. 

The 
loading 

w
as 

attributed 
to 

either 
poor 

belt 
positioning, 

poor 
child 

posture 
or 

m
isuse 

of 
the 

shoulder belt. 

Convenience 
sam

ple 
from

 
insurance 

database from
 15 states plus DC. M

echanism
 

of injury w
as inferred from

 analysis after the 
crash. 

(Bilston 
et 

al., 
2007) 

O
bservational 

study 
- 

crash 
laboratory 
sim

ulation 
of 

real crashes 

III-2 
AU

S 
Reconstruction of crashes in w

hich 4 children 
aged 2-8 w

ere injured and another 4 w
ith 

m
inor injuries - assessing child kinem

atics. 
Com

parison w
ith crashes in w

hich children 
w

ould 
not 

have 
been 

injured 
and 

w
ith 

crashes in w
hich the sam

e restraints w
ere 

correctly w
orn. 

M
easurem

ent on dum
m

ies 
of 

tri-axial 
head 

acceleration 
and 

upper 
neck forces and m

om
ents - 

som
e had tri-axial pelvis 

accelerations 
m

easured 
instead. 

Detailed case by case analysis of real scenario, and 
w

hen varying factors to do w
ith restraint use in the lab. 

Results indicate that inappropriate use and m
isuse of 

restraint by child occupants can result in unfavourable 
kinem

atics - exposing child to high risk of injury. 

Dum
m

y sensors w
ere not useful in predicting 

injury (as evidenced by the injuries sustained 
in the real situations). Differences in crash 
factors (not being able to replicate it exactly) 
m

ay have contributed to the findings. 

(G
otschall et al., 

1998a) 
Detailed 

case 
series review

 
III-2 

U
SA 

From
 Dec 1991-97, all children 0-15 years, 

w
earing a seat belt (only) and adm

itted to a 
specific 

hospital 
follow

ing 
a 

M
VC 

w
ere 

included (n=98). M
edical records, interview

 
w

ith 
parents 

and 
attending 

pre-hospital 
providers, review

 of police reports, crash 
scene investigation and reconstruction of 
events provided detailed data on each case. 

Injury 
severity: 

AIS, 
ISS, 

revised Traum
a Score and 

the 
TRISS 

probability 
of 

survival. 
M

edical 
treatm

ent and outcom
e. 

There w
ere no belt related fractures to the ribs or 

sternum
, and no belt related injuries to the heart or 

great vessels.  O
ne fracture of the clavicle and 4 to the 

thoracic cavity w
ere noted to be belt related (3 of 4 in 

a 3-point belt).  O
f the 9 abdom

inal injuries that w
ere 

belt related, all w
ere in a 2-point belt.  There w

ere no 
injury severity differences by belt type. Incorrect belt 
use w

as com
m

on. Broadly data suggested m
ore injuries 

w
ith 3-point belt.  

Sam
ple did not include uninjured children - 

so lim
its conclusions. N

o evidence that they 
controlled for various factors as part of the 
analysis. 

 
Three-point 

belts 
are 

m
ore 

com
m

on in the front seat but not sure that 
they factored this into the injury severity. 

(Henderson 
et 

al., 1997) 
Laboratory 
sled test 

III-2 
AU

S 
Three anthropom

etric child dum
m

ies in rear 
seat positions: sim

ulating 18 m
onths, 3 year 

old and 6 year old. Tw
o sled runs w

ere 
conducted 

for 
belt 

type 
(lap-only 

and 
lap/shoulder) w

ith each dum
m

y.  U
se of a 

harness w
as tested w

ith the 3 and 6 year old 

Head, 
chest 

and 
pelvis 

acceleration 
m

easurem
ents; 

upper 
neck forces and m

om
ents. 

Lum
bar 

forces 
and 

m
om

ents for 18 m
onths 

old. 

Head and chest acceleration and lap belt loads w
ere 

consistently higher for lap belt only com
pared to lap 

and shoulder belts. O
nly the 18 m

onth old w
as not held 

correctly in place by either kind of restraint during the 
entire crash sequence. Results are consistent w

ith field 
studies indicating lap and shoulder belts, com

pared to 
lap-only, serve to m

inim
ise head excursion potentially 

Som
e differences in the reading betw

een the 
different tests on each configuration.  
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Reference 
Study type 

Level 
of 

Evidence 
Country 

M
ethods 

O
utcom

es 
Findings  

Com
m

ents 

dum
m

ies. Sensors placed on head, neck, 
chest and pelvis.  H

igh speed cam
era used.  

reducing head injury risk and reduce abdom
inal loads 

and 
therefore 

potentially 
reduce 

injury 
risk 

to 
abdom

inal 
area. 

Results 
from

 
harness 

testing 
suggested great loads m

ay lead to greater neck forces 
than one sided shoulder belts. 

(Johnston et al., 
1994) 

Cross-
sectional case 
series 

- 
data 

review
 

III-2 
U

SA 
Probability sam

ple of police reported crashes 
in 26 states - over a 2 year period. Selected 
crashes in w

hich there w
as one or m

ore child 
under 15 as a passenger (n=16,685) review

ed 
police data on type of restraint and w

hether 
child w

as injured. 

Injury 
outcom

es 
to 

children as passengers in 
M

V 
crashes 

by 
restraint 

use. N
o attem

pt w
as m

ade 
to classify injury severity. 

10,098 children w
ith know

n restraint use. Com
pared to 

children w
ho w

ere "optim
ally restrained", children w

ho 
w

ere sub-optim
ally restrained had a slightly higher risk 

of injury, but those unrestrained w
ere at 2.7 tim

es the 
risk. Com

pared to children in the back seat, children in 
the front seat have 1.5 tim

es the risk of injury.  The use 
of a car seat reduced injuries by 60%

 for 0-14 year olds, 
w

hile a lap-shoulder harness w
as only 38%

 effective in 
reducing injuries for 5-14 year olds. 

For children aged 0 - 4 tears (preschool), 
optim

al use w
as defined as police reported 

use of a child safety seat. For the 5 to 14year-
old children, shoulder belt com

bination, as 
that w

as the current recom
m

endation. Any 
other restraint usage inducing lap belt or 
shoulder belt alone w

as considered sub-
optim

al. 

(Lane, 1994) 
Retrospective 
data review

 - 
injury 
insurance 
claim

s 

III-2 
AU

S 
Personal injury insurance claim

s for July 1978 
- June 1988, included 3,369 children 0-14 
years and approx. 23,500 over 14 years, 
Survey data used to estim

ate restraint type 
use. 

Lum
bar 

spine 
or 

abdom
inal/visceral injuries 

- to define "SBS injuries". 

There w
ere 46 cases of SBS over the 10 year period in 

Victoria.  Data indicate that lap belts are protective 
against injury - w

hen com
pared to no seat belt. Lap 

belts w
ere show

n to cause 2-3 tim
es the incidence of 

SBS than 3-point belts. It w
as estim

ated that 2/3 of the 
SBS injuries associated w

ith the centre position in the 
rear seat could be prevented w

ith 3-point seat belts in 
that position. 

There w
ere changes in the belt w

earing law
 

(1981) during that period.  Survey w
as based 

on 
arterial 

roads 
observations 

and 
assum

ptions 
m

ade 
that 

these 
are 

representative of w
earing rates on all road 

types. 

(Lapner 
et 

al., 
2001) 

Retrospective 
case review

 
and a 
prospective 
phase 

III-2 
CAN

 
Cases w

ere children (aged 3-19) w
ith spinal 

injuries attending hospital follow
ing a M

VC, 
all 

occupants 
of 

the 
case 

vehicle 
w

ere 
contacted and interview

ed - covering pre-
crash 

seating 
positions, 

posture 
of 

occupants, 
and 

the 
m

anner 
in 

w
hich 

restraints 
w

ere 
used. 

Engineering 
team

 
assessm

ent of crashes based on inform
ation 

provided.  

The nature and extent of 
the injuries sustained, and 
the vehicle dynam

ics and 
associated 

occupant 
kinem

atics. 

Retrospective 
case 

review
 

(n=45) 
suggested 

no 
difference in location of cervical spine injuries for 2-
point versus 3-point seat belt (i.e. shoulder strap).  
How

ever, the prospective review
 of 26 cases (w

hich 
included all types of injuries) found a 24-fold increase 
in the risk of cervical spine injury for children using a 2-
point versus 3-point seat belt. Loose fitting lap belts 
w

ere 
found 

to 
be 

particularly 
dangerous. 

 
Also 

concluded that children under 12 should not be in the 
front seat until airbag sensitivity has im

proved. 

Sam
ple selection bias - no injuries that w

ere 
not serious w

ere included. Sm
all num

ber of 
cases in the prospective review

. 

(Skjerven-
M

artinsen et al., 
2014)   

Prospective 
study of 
children in 
m

otor 
vehicles 
crashes in 
w

hich one 
person w

as 
taken to 
hospital. Each 
case w

as 
closely 
investigated 
for crash 
factors and 
those relating 
to the child 
and driver. 
 

II 
Sw

eden 
Prospective study of 158 children aged <16 
years in m

otor vehicle crash in w
hich one 

person w
as taken to hospital. Each case w

as 
closely investigated and follow

ed-up 
including exam

ination of the vehicle and 
interview

ing w
itnesses. Injuries occurred 

from
 N

ovem
ber 2009 through January 2013.  

M
ultidisciplinary team

 review
 of each case 

as w
ell as reports from

 police and hospitals. 
Evaluation of any safety errors in restraint 
use including w

rong size, tw
isting or slack in 

straps etc. Crash forces and directions w
ere 

also estim
ated. 

Injuries w
ith AIS of >=2 

M
ultivariate m

odelling indicated that the child's age, 
restraint m

isuse and lighting conditions at the tim
e of 

the crash w
ere all independently related to injury 

severity outcom
e. Restraint m

isuse w
as docum

ented 
in 14 of the 15 children w

ith AIS >=3 and w
as 

associated w
ith over 4 tim

es the risk of severe injury 
(AIS.2). U

nsecured cargo also posed a contributor to 
several of the injuries. 

The sm
all sam

ple size (n=158) posed a 
lim

itation to the analysis of factors 
contributing to the risk of injury to different 
body regions or organs, and crash variables.  

  



 Technical Report 
 

 
 

 
 

 
 Page | 102  

Recom
m

endation 6.7  
Children should be encouraged to sit in an upright posture w

ith their head back against the seat w
hen 

traveling in vehicles, including w
hen sleeping, as poor posture, such as leaning against the car w

indow
, can 

increase the risk of injury. 

O
verall Evidence Grade 

C 
 Table 37: Evidence statem

ent supporting recom
m

endation 6.7 

Evidence statem
ent 

Leaning forw
ard or sidew

ays can increase the risk of injury in a crash. 

G
rade 

C 

Com
ponent 

Rating 
N

otes 
Evidence base 

Satisfactory 
There is one level II prospective study that found tw

o incidents (from
 27 serious injuries) of children w

hose injuries 
could be associated w

ith sleeping w
hilst resting on the side w

indow
 or leaning forw

ard (Skjerven-M
artinsen et al., 

2014).  There are tw
o level III studies, using crash tests and com

putational m
odelling, that have determ

ined a slightly 
increased injury risk associated w

ith leaning forw
ard and/or sidew

ays (Andersson et al., 2013; Bohm
an et al., 2018). 

Consistency 
Good 

All studies have determ
ined an increased injury risk associated w

ith leaning forw
ard and/or sidew

ays.  
Public Health Im

pact 
Satisfactory 

The prospective study show
ed that serious injury can occur from

 adopting a poor position in the car seat (leaning 
against a w

indow
 or leaning forw

ard). The sim
ulation and sled test studies indicated that there w

as a slight increase 
in the risk of injury due to either greater head excursion for frontal crashes w

hilst sitting in a booster seat or increased 
risk of injury in in side im

pact crashes w
hilst sitting w

ith a regular seat belt w
ith side thorax and curtain airbags.   

Generalisability 
Satisfactory 

The crash series is from
 a highly resourced country w

ith a good record of road safety, it is reasonable to generalise 
to these results to the Australian population. The dum

m
ies used in the sim

ulation and sled test studies are a 
reasonable representation of Australian children and young adults, but these dum

m
ies are not designed to be seated 

in the non-standard positions used in these studies. How
ever, they are the best available tool for studying im

pacts 
like these and their results are likely to reflect the true effect of sitting forw

ard or sidew
ays. The side im

pact study is 
m

ost relevant to vehicles w
ith curtain and side im

pact airbags. 
Applicability 

Satisfactory 
The frontal study of booster seats is relevant to the Australian context because som

e of the booster seat frontal tests 
w

ere conducted w
ith a tether installed. The side im

pact study is relevant to vehicles w
ith both a curtain airbag and 

side im
pact airbag in-place. 

O
ther factors 

 
The research on this topic is largely based on sled testing and sim

ulation studies rather than real-w
orld or full-scale 

crash testing. 
References 

 
(Andersson et al., 2013; Skjerven-M

artinsen et al., 2014; Bohm
an et al., 2018) 
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Children com
m

only fall asleep and/or change their posture w
hen travelling in cars. There are few

 studies specifically focused on the effects of poor posture or 
sleeping on injury. A single prospective study of child injury in m

otor vehicle accidents has identified specific cases of children being injured w
here being poorly 

positioned w
hile sleeping, such as by leaning against the side w

indow
 or leaning forw

ard w
hen a crash occurred w

as a contributing factor (Andersson et al., 2013; 
Skjerven-M

artinsen et al., 2014; Bohm
an et al., 2018). O

ne sim
ulation study of side im

pact for older children (Andersson et al., 2013) and one frontal im
pact sled 

test study of six-year-old dum
m

ies in booster seats (Bohm
an et al., 2018), have both indicated there is an increased risk of injury if the child is seated either leaning 

forw
ards or sidew

ays in their seat. The increase in injury risk is due to the reduced effectiveness of the protective devices w
hich are designed for a child sitting 

upright (seat belts and airbags). W
hile it is not alw

ays possible to ensure that children rem
ain in an optim

al seated posture w
hen travelling, good posture should be 

encouraged. Parents/carers should not use supplem
entary restraint padding or accessories to assist w

ith achieving an upright posture for children travelling in cars, 
unless this is has been provided under specialist advice for children w

ith additional needs (see 6.7.2.3). It is not recom
m

ended that m
anual repositioning of a sleeping 

child by another vehicle occupant be done w
hile the vehicle is in m

otion. 
 Table 38: Sum

m
ary of articles providing evidence for recom

m
endation 6.7 

Reference 
Study type 

Level 
of 

Evidence 
Country 

M
ethods 

O
utcom

es 
Findings  

Com
m

ents 

(Andersson et al., 2013)  
Sim

ulated 
crash 

testing 
w

ith 
m

odelled vehicle and 
5th 

percentile 
fem

ale 
dum

m
y 

representing average 
12 year old. 
 

III-2 
Sw

eden 
The m

odel of a com
plete passenger 

car, including head and thorax–pelvis 
air bags, w

as used and w
hich w

as 
im

pacted laterally by a barrier in 2 
load cases. Six com

m
on sitting 

positions in the rear outboard seat 
w

ere selected for the SIDIIs. Inboard 
is leaning inw

ards, outboard is 
leaning outw

ards. 

Sim
ulated injury 

m
easurem

ents: HIC 36, 
linear head acceleration, 
rotational head 
acceleration, peak chest 
deflection, peak chest 
VC. 

Broadly speaking, the study results suggested 
the outboard and inboard positions resulted in 
the highest head injury m

easures, but absolute 
values are still below

 injury levels. Authors 
conclude these positions should be discouraged. 
As braking and sw

erving are not avoidable, the 
key take hom

e m
essage is that children should 

sit upright and not lean to the side w
ith head on 

the door. 

Study w
as lim

ited to a single car 
m

odel: a large sedan. The dum
m

y w
as 

designed for upright seating positions, 
so it could not closely sim

ulate the 
range of positions children m

ay adopt.  
Authors indicated that due to the 
lim

itation of the dum
m

y (SID-II) it is 
likely that the chest injury m

easures 
underrated the influence of the 
thorax–pelvis air bag in the runs w

ith 
direct im

pact to the rear side of the 
chest by the deploying air bag. 

(Bohm
an et al., 2018  ) 

Frontal and oblique 
crash tests of HIII 6-
year-old child ATD 
using real-w

orld, 
observed child 
passenger postures 
 

III-2 
Sw

eden, Australia, 
U

SA 
 

HIII 6-year-old ATD w
as positioned in 

booster seat (tethered and 
untethered) in standard, forw

ard 
leaning and forw

ard leaning w
ith 

lateral (outw
ard) leaning postures. 17 

frontal or oblique sled tests at 
64km

/hr. 

HIC-15, head 
acceleration,, chest 
acceleration, head 
excursion, neck axial load 
and head im

pact 

The belt slipped off in all forw
ard and oblique 

positions, and in m
ost 'norm

al' position tests. 
N

eck tension reduced as head excursion 
increased. Head excursion increased in forw

ard 
leaning positions 

The belt som
etim

es got stuck in the 
gap betw

een arm
 and torso; the ATD 

is difficult to place in the out-of-
position postures; no repeated tests 
w

ere perform
ed 

(Skjerven-M
artinsen 

et 
al., 2014) 

Prospective study of 
children 

in 
m

otor 
vehicles 

crashes 
in 

w
hich 

one 
person 

w
as 

taken 
to 

hospital. 
Each 

case 
w

as 
closely 

investigated 
for 

crash 
factors 

and 
those relating to the 
child and driver. 
 

II 
Sw

eden 
Prospective study of 158 children 
aged <16 years in m

otor vehicle crash 
in w

hich one person w
as taken to 

hospital. Each case w
as closely 

investigated and follow
ed-up 

including exam
ination of the vehicle 

and interview
ing w

itnesses. Injuries 
occurred from

 N
ovem

ber 2009 
through January 2013. 
M

ultidisciplinary team
 review

 of each 
case as w

ell as reports from
 police 

and hospitals. Evaluation of any 
safety errors in restraint use including 
w

rong size, tw
isting or slack in straps 

etc. Crash forces and directions w
ere 

also estim
ated. 

Injuries w
ith AIS of >=2 

M
ultivariate m

odelling indicated that the child's 
age, restraint m

isuse and lighting conditions at 
the tim

e of the crash w
ere all independently 

related to injury severity outcom
e. Restraint 

m
isuse w

as docum
ented in 14 of the 15 children 

w
ith AIS >=3 and w

as associated w
ith over 4 

tim
es the risk of sever injury (AIS.2). U

nsecured 
cargo also posed a contributor to several of the 
injuries. 

The sm
all sam

ple size (n=158) posed a 
lim

itation to the analysis of factors 
contributing to the risk of injury to 
different body regions or organs, and 
crash variables.  
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6.6.3 
Securing unoccupied restraints 

 Consensus Based 
Recom

m
endation 6.8 

U
noccupied child restraints should be secured to the vehicle.  

 This consensus-based recom
m

endation is based on expert opinion, taking into account the follow
ing factors and inform

ation. W
hile restraints that have top tether 

straps rem
ain secured to the vehicle even w

hen unoccupied, untethered restraints, particularly booster seats that do not have a top tether, m
ay becom

e projectiles 
in a crash w

hen unoccupied. It is recom
m

ended that all booster seats and restraints be secured to the vehicle w
hen not occupied.  

6.6.4 
Restraint/vehicle com

patibility 
 Consensus Based 

Recom
m

endation 6.9 
N

ot all restraints fit w
ell in all vehicles, so w

hen buying or hiring a restraint, parents and carers should test the 
fit/com

patibility of the restraint in their vehicle before purchase.  

 This consensus-based recom
m

endation is based on expert opinion, taking into account the follow
ing factors and inform

ation. The contouring of seats, headroom
, 

and seat belt geom
etry in som

e vehicles can interfere w
ith correct installation of a restraint or allow

 undesirable m
otion of the restraint. Also, in a sm

all num
ber of 

vehicles, the rear seat belt m
ay not be long enough for installation of som

e child restraint m
odels. W

hile this is often noted as an issue in research papers, there 
w

ere no Australian data on how
 w

ell restraints fit in different vehicles identified in the literature review
, and only one U

S study (IIHS, 2000) show
ing significant 

variation in restraint/vehicle fit, but this does not directly assess Australian restraints as it is focused on dedicated child anchorage system
s.  Further research is 

required on this issue. 

6.6.5 
ISO

FIX low
er anchorage system

s 

Australian child restraints are generally installed using a seat belt and top tether. Internationally, there are tw
o system

s of child restraint installation that use special 
anchorages designed for child restraints (“ISO

FIX low
er anchorages”), typically in the seat bight at the join betw

een the seat back and seat cushion, either together 
w

ith a top tether “LATCH”, in N
orth Am

erica) or w
ith other m

eans of controlling the restraint’s rotation (“ISO
FIX”, in Europe and elsew

here). Requirem
ents for 

Australian child restraints to use these ISO
FIX low

er anchorages w
ere introduced in AS/N

ZS 1754 (2013). In these restraints, the ISO
FIX low

er anchorages are used 
instead of the seat belt in forw

ard and rearw
ard facing restraints, but existing requirem

ents for the use of top tethers w
ill rem

ain.    
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Recom
m

endation 6.10  
Approved restraints that can be used w

ith ISO
FIX low

er anchorages should be used as instructed by the restraint 
m

anufacturer only in seating positions specified by the vehicle m
anufacturer.  

N
o recom

m
endation can be m

ade on the overall benefits of ISO
FIX restraints com

pared to restraints installed using 
seat belt. 

O
verall Evidence Grade 

D 
 Table 39: Evidence statem

ents supporting recom
m

endation 6.10 

Evidence statem
ent 

1. Restraints w
ith flexible ISO

FIX com
patible anchorages provide sim

ilar protection to restraints secured w
ith seat belts. 

2. Restraints w
ith rigid ISO

FIX com
patible anchorages m

ay provide better side im
pact protection than restraints secured w

ith seat 
belts or flexible ISO

FIX. 
3. Restraints w

ith ISO
FIX com

patible anchorages m
ay reduce installation errors, but this varies w

ith restraint and vehicle design. 
(see corresponding references) 

G
rade 

D 

Com
ponent 

Rating 
N

otes 
Evidence base 

Good 
For Statem

ent 1 and 2 there are 5 Level 2 studies by different research groups dem
onstrating sam

e or sim
ilar 

outcom
es. For Statem

ent 3, there are 5 Level 2 studies all dem
onstrating sam

e/sim
ilar outcom

es 
Consistency 

Excellent 
As above 

Public Health Im
pact 

U
nknow

n 
 

Correct use is critical for optim
um

 protection, and reducing injury risk in side im
pact is high priority therefore public 

health im
pact m

ay be high but no studies exam
ining this as yet. 

Generalisability 
Satisfactory 

Studies supports Statem
ent 1 and 2 include rearw

ard and forw
ard facing restraints from

 Australia and elsew
here so 

generalisability is high but data on correct use is lim
ited to LATCH in the U

S 
Applicability 

Satisfactory 
As above. Note that m

ost laboratory w
ork w

ith rigid and sem
i-rigid system

s have not included com
m

ercially available 
system

s but instead have been ‘m
ock ups’. 

O
ther factors 

 
 

References 
 

1. 
(Kelly et al., 1995b; Brow

n et al., 1997; Charlton et al., 2004; Bilston et al., 2005; Kapoor et al., 2011a; 
Hauschild et al., 2018) 

2. 
(Kelly et al., 1995b; Brow

n et al., 1997; Charlton et al., 2004; Bilston et al., 2005; Kapoor et al., 2011a; 
Hauschild et al., 2018). 

3. 
(Decina and Lococo, 2007; Klinich et al., 2013; Roynard et al., 2014; Cicchino and Jerm

akian, 2015; Raym
ond 

et al., 2017) 
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ISO
FIX is a system

 of dedicated child restraint low
er anchorage points, to w

hich special attachm
ents on the child restraint can be fastened. There are tw

o different 
ISO

FIX com
patible low

er anchorage system
s allow

ed under the requirem
ents of AS/N

ZS 1754. O
ne involves rigid ISO

FIX com
patible fixtures on the child restraint, 

and the other involves flexible w
ebbing ISO

FIX com
patible fixtures. The rigid system

 is sim
ilar to the low

er anchorage fixtures allow
ed in EU

RO
PE and the flexible 

system
 is sim

ilar to those em
ployed in the North Am

erican LATCH system
.  ISO

FIX system
s w

ere designed to im
prove ease of installation and reduce errors in use. 

W
hen correctly installed, crash tests indicate that flexible attachm

ent system
s (such as LATCH) provide com

parable levels of protection to the traditional vehicle 
seat belt attachm

ent m
ethod (Kelly et al., 1995b; Brow

n et al., 1997; Charlton et al., 2004; Bilston et al., 2005; Kapoor et al., 2011a; Hauschild et al., 2018) 
although U

S researchers have identified aspects of LATCH design that are associated w
ith a low

er propensity for errors – w
ith a focus on the characteristics of the 

ISO
FIX anchorages provided in vehicles (Decina and Lococo, 2007; Klinich et al., 2013; Cicchino and Jerm

akian, 2015; Raym
ond et al., 2017). O

ne European study 
show

ed 20%
 low

er overall rates of m
isuse for rigid ISO

FIX-installed restraints, but there is a high risk of bias in this estim
ate (Roynard et al., 2014). Rigid system

s 
provide superior side im

pact perform
ance com

pared to anchorage system
s incorporating the seat belt or flexible connectors as the low

er anchorage com
ponent 

(Kelly et al., 1995b; Brow
n et al., 1997; Charlton et al., 2004; Bilston et al., 2005; Kapoor et al., 2011a; Hauschild et al., 2018). 

 Table 40: Sum
m

ary of articles providing evidence for recom
m

endation 6.10 
Reference 

Study type 
Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

(Hauschild 
et al., 
2018 ) 

Sled test on 3 year old 
dum

m
y  

III-2 
U

SA 
Q

3s dum
m

y (3 year old) in FF-CRS 
centre position during oblique side 
im

pact tests set at 35km
/h w

ith 3 
restraint m

odes: rigid ISO
FIX, and tw

o 
form

s of flexible ISO
FIX com

patible 
low

er anchorage system
s - single loop 

w
ebbing through belt path and a dual 

flexible belt path. All w
ere tested w

ith 
and w

ithout top tether attached.  

Lateral and head 
excursion, neck 
loads and m

om
ents, 

and neck lateral 
bending.  

The rigid ISO
FIX and dual w

ebbing attachm
ent of 

the FF-CRS had significantly low
er ATD lateral 

head excursions than w
hen it w

as attached w
ith 

single w
ebbing (331, 356, and 441 m

m
, p<0.001). 

There w
as also evidence of significant reductions 

in neck tension forces (1.4, 1.6, and 2.2 kN
, 

P<.01), and lateral neck bending (31.8, 38.7, and 
38.0N

m
, P=.002). These reductions w

ere 
assessed to reduce the potential for head 
contact and therefore injury, as w

ell as neck 
bending and injury.  The dual w

ebbing 
attachm

ent w
ithout a tether perform

ed 
com

parable to the single w
ebbing w

ith a tether.  

Findings are lim
ited to a specific 

oblique orientation but oblique 
orientations are not included in 
regulatory testing and are an issue 
in real-w

orld crashes. A European 
FF-CRS w

as used on a single m
odel 

vehicle seat. Vehicles, sled pulse 
and size of dum

m
y m

ay produce 
different results. There w

as no 
com

parison w
ith traditional seat 

belt low
er anchorage. The single 

loop ISO
FIX com

patible low
er 

anchorage m
ethod is not perm

itted 
by Australian Standards.  

(Kapoor et 
al., 2011a) 

Com
puter sim

ulations 
of sled tests and child 
dum

m
ies to assess 

injury risk associated 
w

ith tw
o form

s of CRS 
m

isuse and com
parison 

of rigid versus flexible 
low

er anchorage 
system

s 

III-3 
U

SA 
N

um
erical sim

ulations validated w
ith 

data from
 full frontal and near-side 

im
pact sled test crashes w

ith Hybrid III 
three-year old dum

m
ies. Test conditions 

included absence and presence of CRS 
m

isuse: absence of top tether and 
presence of slack in the seat belt 
w

ebbing under tw
o configurations- 

using flexible LATCH and rigid ISO
FIX. 

Head, chest and 
neck accelerations 
and associated 
injury values 

Findings indicated that the presence of slack in 
the system

 and absence of the top tether strap 
both served to increase the probability of head 
injuries. U

pper neck forces w
ere increased by 

approxim
ately 15%

 in a near-side im
pact w

hen 
there w

as slack in the seat belt w
ebbing. The use 

of cross-shaped rigid ISO
FIX system

 reduce head 
accelerations by approxim

ately 20%
 and 40-60%

 
in the frontal im

pact condition.  U
se of the cross-

shaped rigid ISO
FIX system

 w
as found to reduce 

upper neck forces by 20–25%
 and the resultant 

low
er neck m

om
ents by approxim

ately 20%
 for 

both the child dum
m

ies, in the absence and 
presence of the CRS m

isuse. 

N
um

erical sim
ulations of one CRS 

type. Variables introduced by real-
w

orld conditions such as child 
posture other crash angels and 
speed etc. could not be determ

ined 
from

 this study. U
ncertain w

hether 
the cross shaped ISO

FIX system
 

represents a current design or a 
prototype. Likely the flexible low

er 
anchorage system

 sim
ulated w

as a 
single loop system

. 

(Klinich et 
al., 2013) 

Laboratory-based 
consum

er testing of 
vehicle LATCH designs 

III-3 
U

SA 
36 volunteer’s fitted 4 restraints each 
into 3 different vehicles w

ith different 
LATCH configurations (total of 12 

Indicators of tight 
installation and 
correct low

er 

Study volunteers correctly used the low
er 

anchors in 60%
 of LATCH installations and also 

used the top tether. W
hen the top tether w

as 

Results are from
 laboratory testing 

and m
ay not reflect real-w

orld 
error rates. N

ot all vehicles 
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M
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O

utcom
es 

Findings  
Com

m
ents 

and 4 CRS for 
correctness of fit 

different vehicles tested). Tw
o m

odes of 
anchoring w

ere tested: seat belt and 
ISO

FIX com
patible low

er anchors.  

anchor use, correct 
seat belt path and 
installation angle 
w

ere exam
ined.  

used 46%
 w

ere done properly (only 22%
 of the 

FF-CRS). Logistic regression indicated three 
characteristics of low

er anchors provided in 
vehicles associated w

ith few
er errors: Clearance 

angles greater than 54o, attachm
ent forces less 

than 174 N
, and anchor depth w

ithin the bite of 
less than 2cm

. Visibility and labelling, of low
er 

anchor points, and seat characteristics w
ere also 

predictors of correct installation.  

selected for inclusion w
ere 

available. Prior experience w
ith 

LATCH system
s w

as only asked in 
term

s of ever used them
, rather 

than extent of experience.  

(Raym
ond 

et al., 
2017 ) 

Real-w
orld 

observational study 
III-2 

U
SA 

O
bservers, certified child passenger 

safety technicians, approached vehicles 
w

ith at least one child passenger at 
standard points nationally. Data w

ere 
collected from

 4,167 vehicles on vehicle 
and driver characteristics, restraint type 
and how

 it w
as attached to the vehicle. 

Research questions included w
hether 

ISO
FIX com

patible low
er anchorages 

w
ere used m

ore often than seat belts 
w

hen both alternatives w
ere available 

and w
hether the type of anchor (low

er 
anchor or seat belt) im

pacted the 
looseness of installation by m

easuring 
the lateral m

ovem
ent of the car seat. 

Driver characteristics predictive of 
ISO

FIX com
patible low

er anchorage use 
w

ere also exam
ined. Results presented 

separately for FFCRs and RFCRs. 

Choice of 
attachm

ent m
ethod 

and Lateral 
m

ovem
ent of the 

child car seat. 
Driver 
characteristics. 

W
hen both alternatives w

ere available, ISO
FIX 

com
patible low

er anchorage system
 w

as used 
significantly m

ore often than the seatbelt, 
regardless of restraint type (FFCRs w

ith and 
w

ithout the top tether, RFCRs) and regardless of 
broad vehicle type. In all, child restraints 
installed w

ith low
er anchors show

ed less lateral 
m

ovem
ent than those installed w

ith seat belts. 
Across all seat types, (w

ith and w
ithout low

er 
anchors or low

er anchor connectors), seats 
installed w

ith low
er anchors w

ere associated 
w

ith significantly less lateral m
ovem

ent than 
those installed using seat belts, t(12)=10.71, p< 
.05, standard error=0.08. This w

as also the case 
w

hen lim
iting the analysis to those w

ith both 
options. Driver dem

ographics did not predict the 
use of ISO

FIX com
patible low

er anchorages but 
confidence incorrect installation did. The odds of 
correct installation w

ith low
er anchors rather 

than seat belts w
ere 2.15 tim

es higher for drivers 
w

ho reported that they w
ere very confident that 

the seat w
as installed correctly com

pared to 
drivers w

ho reported that they w
ere not 

confident that the seat w
as installed correctly. 

Authors acknow
ledge that this 

cross-sectional study does not 
prove causation - that there m

ay 
be other factors that contribute to 
the lateral m

ovem
ent of the seat 

than just the type of anchor used. 
 

(Kelly 
et 

al., 1995a) 
 

Sled testing w
ith 

dum
m

ies (CRABI 6 m
/o 

and P series) to assess 
head protection 
provided by Australian 
CRS in side im

pacts. 
 

III-2 
Australia 

Program
 I Testing: to study the effect of 

top tether anchorage on the 
perform

ance of RFCR &
 FFCR in side 

im
pact. 45 degree &

 90 degree 
sim

ulated side im
pacts test on CRABI 6 

m
/o dum

m
y. Sled w

as calibrated to 
produce deceleration betw

een 14g &
 

20g, velocity >49km
/H. Real car body &

 
w

indow
 structure w

ere used. 
 Program

 II Testing: to evaluate 
perform

ance of rearw
ard facing infant 

restraints, forw
ard facing child seats &

 
booster cushions. 45 degree &

 90 
degree sim

ulated side im
pacts test on 

Head protection 
(HIC m

easurem
ents 

and presence of 
head strikes w

ith 
static side door) 

The com
bination of top tether &

 adult seat belt 
can reduce forw

ard m
ovem

ent in child restraints 
in oblique angle side im

pact. Top tethers do not 
play significant role in ensuring head retention 
w

ithin the child restraint but rigid low
er 

anchorages w
ith top tether significantly 

im
proves CRS perform

ance.  

The lim
itation of using HIC to 

assess the head protection in side 
im

pacts using less than ideal child 
dum

m
ies is acknow

ledged by the 
authors. 
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es 

Findings  
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m
ents 

TN
O

 P3/4 dum
m

y (infant restraints &
 

forw
ard facing seats) and TN

O
 P3 

(booster cushions). Sim
ulated door &

 
w

indow
 structures w

ere used. 
 Program

 III Testing: to evaluate 
perform

ance of forw
ard facing, &

 
rearw

ard facing infant restraints. W
ith 

and w
ithout rigid low

er anchorages. 
Sim

ulated 90 degree side im
pact on 

TN
O

 P3/4 dum
m

y in each restraint. 
Sim

ulated door &
 w

indow
 structures 

w
ere used. 

(Bilston et 
al., 2005) 
 

Sled tests w
ith 

dum
m

ies – CRABI 6 
m

/o and Hybrid III 3 
y/o - to evaluate the 
potential for im

proved 
side im

pact protection 
in forw

ard facing child 
restraints. 
  

III-2 
Australia 

Sim
ulated side im

pact crashes at 90 
degrees (pure side im

pact) &
 at 45 

degrees (oblique side/frontal im
pact) 

using half-sine crash pulse, w
ith a peak 

acceleration of 14g, a change in velocity 
of 32km

/hr, and pulse w
idth of 85m

s. 
Exam

ined im
pact of alternative 

m
ethods of anchorage, energy-

absorbing m
aterials in side w

ings and 
side w

ing geom
etry on side im

pact 
protection. Low

er anchorage m
ethods 

exam
ined include rigid and tw

o form
s of 

sem
i-rigid – a dingle running loop of 

w
ebbing and tw

o fixed length pieces of 
w

ebbing. 

Dum
m

y m
otion &

 
head accelerations. 

Com
pletely rigid low

er attachm
ent of restraints 

offers the potential for great reductions in head 
injury risk. The addition of energy absorbing 
m

aterial in the side structure of restraint 
system

s is effective w
hen the head is fully 

contained w
ithin an adequately designed side 

w
ing structure.  

The lack of a com
m

ercially 
available biofidelic side im

pact 
child dum

m
y lim

its the ability to 
assess relationships betw

een 
observed real-w

orld injury patterns 
in children in side im

pacts and 
restraint perform

ance. At the tim
e 

of testing, there w
ere no 

com
m

ercially available child side 
im

pact dum
m

ies. 

(Charlton 
et al., 
2004 ) 
 

Sled tests w
ith 

dum
m

ies: 
Frontal tests- Crabi 6 
m

onth (RF CRS) &
 

Hybrid III 3 y/o (FF CRS) 
Side im

pact tests- Crabi 
6 m

onth (RF) &
 TN

O
 P3 

(FF CRS) 
 

III-2 
Australia 

This study exam
ined the perform

ance of 
three RFCRs and tw

o FFCRs w
ith three 

anchorage system
s: standard seatbelt, 

LATCH (flexible) and ISO
FIX (rigid). 

Frontal (64 km
/h) and side im

pact (15 
km

/h) HyGe sled tests w
ere conducted 

using a sedan buck. 
 

Head accelerations 
(HIC36), neck 
flexion m

om
ents 

(N
m

), restraint 
types. 

Rigid ISO
FIX system

 dem
onstrated superior 

perform
ance to the standard seatbelt anchorage 

especially in side im
pacts. Com

pared to flexible 
LATCH system

, rigid system
 reduce lateral 

excursion &
 rotation of the restraint &

 the 
dum

m
y occupant. It also reduced potential head 

injury in frontal im
pacts of FFCRs. 

HyGe sled tests do not 
dem

onstrate the likely effects of 
intrusions particularly in side 
im

pact crash. The validity of the 
results is constrained by the lim

ited 
biofidelity of the dum

m
ies. 

 

(Brow
n et 

al., 1997) 
 

Sled test w
ith dum

m
ies 

(P3/4) 
 

III-2 
Australia 

Test pulse used involved a change in 
velocity of 32km

/h &
 peak deceleration 

of 16g. Restraints w
ere tested in 90 and 

45 degree side im
pacts. O

ne RFCR and 
one FFCR tested w

ith different form
s of 

low
er anchorage – rigid and fixed length 

sem
i rigid and com

pared to traditional 
seatbelt low

er anchorage 
  

Peak head 
acceleration and 
displacem

ent. 

The rigid low
er system

 provided far superior 
protection than the other form

s of low
er 

anchorage. The sem
i rigid system

 tested 
provided som

e benefit in the 45 degree tests 
com

pared to the traditional system
  

Authors acknow
ledge that using 

only the absolute m
agnitude of 

head response as a m
easure of 

perform
ance is inappropriate. Also, 

the door structure used in the tests 
is a non-uniform

 side door 
therefore the stiffness of any 
particular head im

pact depends on 
w

here on the door the im
pact 

occurred. N
B the sem

i rigid system
 

w
as ‘m

ocked up’ and the fixed 
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M
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O

utcom
es 

Findings  
Com

m
ents 

length w
ebbing com

ponents w
ere 

not attached in-line w
ith the belt 

path. This likely led to the 
im

proved perform
ance of the sem

i 
rigid system

 over the traditional 
belt. 

(Cicchino 
and 
Jerm

akian, 
2015 )  
 

Real-w
orld observation 

data used to study 
associations betw

een 
vehicle features and 
correct use of LATCH, 
and difference in 
correct use betw

een 
LATCH and traditional 
seatbelt 
 

III-2 
U

SA 
Vehicle characteristics w

ere extracted 
from

 prior surveys of top selling vehicles 
from

 2010-13. LATCH use &
 m

isuse info 
of these vehicles w

ere extracted from
 

Safe Kids car seat checkup records from
 

14,000 observations during 2010-12.  
 Logistic regression w

as used to exam
ine 

association betw
een vehicle features 

and use &
 correct use of low

er anchors 
&

 top tethers, controlling for other 
relevant installation features.  
 

Vehicle 
characteristics, 
LATCH use &

 m
isuse 

characteristics. 

Low
er anchors w

ere m
ore likely to be used and 

correctly used w
hen the clearance angle around 

them
 w

as greater than 54°, the force required to 
attach them

 to the low
er anchors w

as less than 
178 N

, and their depth w
ithin the seat bight w

as 
less than 4 cm

. Restraints w
ere m

ore likely to be 
attached correctly w

hen installed w
ith the low

er 
anchors than w

ith the seat belt. After controlling 
for low

er anchor use and other installation 
features, the likelihood of tether use and correct 
use in installations of FFCRs w

as significantly 
higher w

hen there w
as no hardw

are present that 
could potentially be confused w

ith the tether 
anchor or w

hen the tether anchor w
as located 

on the rear deck, w
hich is typical in sedans. 

  

There is converging evidence from
 

laboratory studies w
ith volunteers 

and real-w
orld child restraint 

installations that vehicle features 
are associated w

ith correct LATCH 
use. Vehicle designs that im

prove 
the ease of installing child 
restraints w

ith LATCH could 
im

prove LATCH use rates and 
reduce child restraint m

isuse. 

(Decina 
and 
Lococo, 
2007 ) 
 

O
bservational study of 

LATCH use and m
isuse 

III-2 
U

SA 
This study explored w

hether young 
children in CRSs are equipped w

ith 
tether and low

er anchor attachm
ents, 

and If so, w
hether LATCH w

as being 
used, and being used properly, to 
secure the CRSs to vehicles equipped 
w

ith LATCH anchors. 
 CPS-certified observers record vehicle 
seating position configurations on a 
total of 1182 drivers/vehicles &

 1351 
child occupants less than 5 y/o. Sam

ple 
taken at 66 sites – in 31 counties across 
7 states betw

een Apr-O
ct 2005 in U

SA.  
 Drivers’ opinions on ‘ease-of-use’ w

ith 
LATCH w

ere also gathered. 

Drivers/vehicles 
characteristics, 
LATCH use &

 m
isuse 

characteristics. 

O
ne-fifth of the CRSs did not have tether straps 

and one-sixth did not have low
er attachm

ents, in 
the vehicles equipped w

ith LATCH. There is a 
percentage of parents purchasing new

er 
vehicles, but not updating their CRSs to take 
advantage of the available LATCH technology. 
Even w

hen their CRSs w
ere LATCH equipped, 

approxim
ately one-third of the drivers w

ith 
LATCH-equipped vehicles stated that they 
couldn't use LATCH because there w

ere no 
anchors in their vehicles. 
 Tethers w

ere used for 51%
 of the children w

hen 
the FFCRs had tether straps and the vehicle had 
tether anchors. Low

er anchors w
ere used for 

58%
 of the children w

hen the CRS had low
er 

attachm
ents and the vehicle had low

er anchors. 
The m

ost com
m

on tether and low
er attachm

ent 
m

isuses w
ere loose tether straps (18%

 of cases) 
and loose low

er attachm
ent installation (30%

 of 
the cases), respectively. These errors w

ere 
com

m
on in both LATCH and traditional 

anchorage system
s. Vehicle safety belts w

ere 
used in com

bination w
ith low

er attachm
ents in 

20%
 of all low

er anchor installations. 

Low
er anchors m

ay not alw
ays be 

the safest choice for CRS 
attachm

ent – the safest 
attachm

ent is the one that results 
in a tight fit and w

ill be used 
correctly &

 consistently. 
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(Roynard 
et al., 
2014 ) 

O
bservational study of 

child restraint use 
III-2 

Belgium
 

Roadside observations by trained 
observers of 1461 children under 135cm

 
(as reported by driver) tall. A m

ulti-
stage clustered sam

pling m
ethod w

as 
used to collect the 
data. 80 observation sites w

ere 
random

ly selected across 
Belgium

, stratified by region and 
journey type 

Appropriateness 
and correctness of 
restraint use 

At least 50%
 of the children w

ere not correctly 
restrained and 10%

 w
ere unrestrained. M

isuse 
rates varied by driver restraint status (31%

 of 
unrestrained children for unbelted drivers, 
com

pared to 7%
 for belted drivers - only 32%

 of 
correctly restrained children for unbelted drivers 
com

pared to 54%
 for belted drivers), purchase 

site (27%
 of m

isuse in restraints bought from
 

specialist stores com
pared to 45%

 for CRS 
bought in non-specialist stores). Although the 
sam

ple of ISO
FIX users w

as sm
all (n = 76), it 

appears that the ISO
FIX system

 reduced m
isuse 

significantly (by ~20%
). Little or no change in the 

level of correct CRS use over the last five years. 

Child height reported by driver not 
m

easured. W
ell designed 

representative sam
ple. Appropriate 

statistical analysis. ISO
Fix sam

ple is 
sm

all, and drivers using the ISO
FIX 

system
 seem

ed to have 
a significantly different sociological 
profile, so this estim

ate has a high 
risk of bias. 

 6.6.6 
Restraint fitting services 

 Recom
m

endation 6.11  
Regular checking of restraint installation and the securing of a child in the restraint by a child restraint fitter is 
recom

m
ended. In addition to seeking expert advice, those transporting children should regularly check the restraint 

installation and fit of the child in the restraint.  

O
verall Evidence Grade 

D 
 Table 41: Evidence statem

ents supporting recom
m

endation 6.11 

Evidence statem
ent 

1. 
U

se of an accredited restraint fitting station has been show
n to halve incorrect use of restraints 

2. 
Free restraint checking days and hands-on dem

onstration low
er m

isuse 
3. 

Longer tim
e since restraint inspection is associated w

ith increased odds of incorrect use 
(see corresponding references) 

G
rade 

D 

Com
ponent 

Rating 
N

otes 
Evidence base 

Satisfactory 
O

ne study has evaluated the use of restraint fitting stations as available in som
e Australian states, another tw

o 
international studies of restraint fitting advice program

s that are sim
ilar in purpose to fitting stations, but delivered 

differently, have found these reduce incorrect restraint use. 
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Consistency 
Good 

All three studies have consistent findings that expert fitting advice (albeit in different settings and in different form
ats 

for supplying restraint fitting advice) reduces restraint m
isuse. O

nly one study has exam
ined the length of tim

e since 
inspection. 

Public Health Im
pact 

Good 
O

ne Australian study show
ed that restraint m

isuse w
as halved am

ong restraint fitting station users, one US study 
show

ed 18-64%
 reductions in errors, and another U

S study show
ed a four-fold low

er rate of m
isuse am

ong those 
receiving hands-on instruction. Separate studies have show

n that m
isuse substantially increases the risk of serious 

injury, how
ever no study has directly linked restraint fitting station use to injury outcom

e. 
Generalisability 

Satisfactory 
The one Australian study that show

ed that restraint fitting station use substantially low
ers restraint m

isuse m
ay not 

be directly generalisable to other populations w
here there is no accreditation system

 for restraint fitters to assure 
quality of fitting advice, but it is unknow

n w
hether unaccredited fitters are m

ore likely to give low
 quality advice. 

O
ther types of fitting advice studied overseas are likely to be reasonably generalisable. 

Applicability 
Satisfactory 

The one Australian study w
as lim

ited to participants arriving to a child focused facility –potential for som
e bias in the 

sam
ple but m

odelling accounted for variations in dem
ographics of participants. 

O
ther factors 

 
 

References 
 

1. 
(Brow

n et al., 2011) 
2. 

(Duchossois et al., 2008; Tessier, 2010) 
3. 

(Brow
n et al., 2011)   

 There is evidence that child restraint fitting services, w
hen conducted by accredited restraint fitters (w

ho have com
pleted one of tw

o nationally accredited short 
courses), can substantially reduce incorrect use of child restraints  (Brow

n et al., 2011). M
oreover, longer tim

e since the restraint w
as inspected w

as associated w
ith 

increased odds of incorrect use  (Brow
n et al., 2011), suggesting regular checks, perhaps at restraint transitions, are beneficial. International studies of other 

program
s of providing direct child restraint fitting advice to carers (Duchossois et al., 2008; Tessier, 2010), w

hile not directly applicable to restraint fitting stations 
that are set up through a variety of organisations in Australia, provide additional evidence that these types of services assist in reducing incorrect use of child 
restraints. Separate studies have show

n that incorrect use of restraints substantially increases the risk of serious injury in crashes (Sam
pson et al., 1996; Lalande et 

al., 2003; Lutz et al., 2003; M
anary et al., 2006; Sherw

ood et al., 2006; Brow
n and Bilston, 2007; Lucas et al., 2008; Tai et al., 2011). How

ever, injury outcom
e has 

not been directly linked to use of a restraint fitting service. M
oreover, quality assurance and training/qualifications of restraint fitting services varies w

idely in 
different states in Australia, so the effectiveness estim

ates from
 N

SW
  (Brow

n et al., 2011) m
ay not apply in other contexts w

here the quality of the restraint fitting 
advice is not subject to quality assurance and accreditation. Evidence from

 other form
s of personalised restraint use fitting advice (including those that aim

 to teach 
parents/carers how

 to use restraints) (Duchossois et al., 2008; Tessier, 2010) suggest that such fitting advice is beneficial, even if the fitting service is not an accredited 
schem

e such as that studied by Brow
n et al (2011). This underpins the advice that parents and carers should exam

ine the installation of the restraint and the fit of 
the child in the restraint regularly also. How

ever, the evidence for less w
ell-controlled schem

es such as those that exist in several Australian states, is not as strong, 
and studies have not been conducted in the Australian context.  Any advice given by a restraint technician contrary to that stated in these guidelines should be 
checked w

ith the road authority in that state/territory.  Further research is required on this issue. 
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Table 42: Sum
m

ary of articles providing evidence for recom
m

endation 6.11 
Reference 

Study type 
Level of 
Evidence 

Country 
M

ethods 
O

utcom
es 

Findings  
Com

m
ents 

(Brow
n 

et 
al., 

2011) 
 

O
bservational 

ecological 
study 

III-2 
AU

S 
O

bservation of restraint system
 installation for 

203 children from
 random

ly selected vehicles – 
follow

ed by a structured interview
 w

ith the 
driver. Logistic regression w

as used to exam
ine 

the association betw
een parental report of ever 

having the restraint checked at a Restraint 
Fitting Station (RFS) and w

hether or not the 
restraint w

as used correctly. Sam
ple selected 

from
 vehicles arriving to early childhood health 

centres, pre-schools etc, w
hile controlling for 

potential confounders and accounting for the 
com

plex sam
ple design. O

dds ratios (O
Rs) and 

95%
 confidence intervals (CIs) w

ere calculated. 

Correct 
restraint 

installation and use. 
The children of respondents w

ho reported not having had 
the restraint checked at RFS w

ere 1.8 tim
es m

ore likely to 
be using their restraint incorrectly (95%

 CI = 1.1–2.8). The 
odds of the restraint being used incorrectly in a m

oderate/ 
serious w

ay significantly increased w
ith every year of 

restraint ow
nership, regardless of w

hether or not the 
restraint had been ever checked at a RFS, how

ever this did 
not reach significance in the final m

odel (O
R = 1.3, 95%

 CI 
= 1.0–1.7). N

one of the other variables included in the 
m

odel 
dem

onstrated 
a 

significant 
association 

w
ith 

correctness of restraint use. O
nly 28%

 of the sam
ple 

reported having had the restraint checked at a RFS. 
Exploration of the m

odel variables and RFS use indicated 
that none of the dem

ographic variables w
ere significantly 

associated w
ith reported RFS use. Longer tim

e since the 
fitting check w

as associated w
ith higher odds of incorrect 

use 

N
o pre-intervention data leading to the 

possibility 
of 

ecological 
fallacy. 

Self-
reporting of fitting station use m

ay have 
errors, particularly if parent w

as not the 
driver at the tim

e of the interview
 and if 

restraint checked w
as not the one being 

observed in the study. 

(Duchossois 
et 

al., 2008) 
Pre-post 

only 
group design 

IV 
U

SA 
Pre-post 

design 
to 

exam
ine 

the 
change 

in 
prevalence, extent of, and severity of m

isuse 
betw

een an initial and follow
-up child safety 

seat checkpoint. 42 subjects of 160 w
ho did the 

initial 
assessm

ent 
com

pleted 
the 

study 
by 

participating 
in 

the 
follow

-up 
check 

6-12 
m

onths after the intervention. 

Child restraint m
isuse. 

O
f RFCR 100%

 of the 17 in the sam
ple had at least one 

m
isuse at the pre-test and 18%

 had at least one at the 
follow

-up.  Total m
isuse score im

proved at follow
-up. For 

FFCR the baseline and follow
-up m

isuse rates w
ent from

 
100%

 to 64%
.  There w

as also a significant im
provem

ent 
in m

isuse score. 

N
o control group. Subjects volunteered to 

use the safety check – so possibility of bias 
including that they w

ere aw
are that it w

as 
not right.   H

igh drop-out rate.  

(Tessier, 2010) 
Random

ised 
controlled 
trial 

II 
U

SA 
Random

ised trial w
ith 56 expectant parents in 

the intervention group and 55 in the control 
group. 

 
All 

parents 
participated 

in 
an 

educational session and w
ere given a child 

restraint.  The intervention group w
as given a 

dem
onstration session about how

 to correctly 
install the restraint w

hile the control group w
as 

just given the restraint in a box w
ith the 

m
anufacturer’s 

instructions. 
Baseline 

and 
follow

-up 
m

easures 
- 

correctness 
score 

at 
follow

-up visit w
hen child w

as 2 m
onths old. 

%
 correct use by parents 

in each group.  
Intervention 

group, 
w

ith 
hands-on 

dem
onstration 

of 
restraint use resulted in a significantly higher proportion 
w

ho w
ere totally correct in their use of the restraint (32%

 
vs. 11%

)  (O
R=4.2, p=0.007).  O

verall rate of errors w
as 

33%
 less in the intervention group than the control group.  

M
ost com

m
on errors w

ere harness straps not adequately 
tightened and restraint not fitted tightly enough w

ithin 
the vehicle. 

Study 
only 

included 
one 

follow
-up 

m
easure 

and 
no 

control 
group 

w
ho 

received 
no 

educational 
input 

(w
hich 

w
ould be closer to m

ost people in the 
population). N

ot able to control outside 
educational 

input 
– 

and 
both 

groups 
w

ould have heightened aw
areness of this 

issue.  Subjects self-selected them
selves 

into the study. 

  6.7 Practice Points 
 In addition to the recom

m
endations for specific practices w

hen restraining children traveling in m
otor vehicles listed in the preceding sections, there are som

e 
additional issues that are im

portant for professionals to consider w
hen providing guidance to parents and carers w

ho transport children. These issues, and the 
broader context of these practice points, are discussed in the guidelines in sections Error! Reference source not found.-Error! Reference source not found..  
 



 Technical Report 
 

 
 

 
 

 
 Page | 113  

6.7.1 
Aboriginal and Torres Strait Islander peoples 

W
hile little is know

n about child restraint practices am
ong Aboriginal and Torres Strait Islander populations, appropriately tailored strategies for w

orking w
ith specific 

Aboriginal and Torres Strait Islander com
m

unities, w
hether urban, rural or rem

ote, to m
axim

ise optim
al use of child restraints are likely to be required. For further 

discussion of the issues in these populations, see section 5.5 in the m
ain guidelines docum

ent.  

Som
e of the broader issues relating to indigenous road safety and broader road safety resources are discussed through the Indigenous Health Infonet portal and in 

the Active and Safe Guidelines (Clapham
 et al., 2019): http://w

w
w

.healthinfonet.ecu.edu.au/related-issues/road-safety/  
 Practice Point 1 

The recom
m

endations for optim
al restraint use for indigenous children are the sam

e as for the broader com
m

unity. 
How

ever, im
plem

entation of these guidelines in Aboriginal and Torres Strait Islander com
m

unities requires tailored 
approaches, developed jointly w

ith com
m

unities, that take consideration of their specific com
m

unity and fam
ily 

structures, cultural practices and norm
s, languages spoken, and access to, and types of, restraints and m

otor vehicles 
that are available. 

6.7.2 
G

roups w
ith additional needs 

6.7.2.1 
Culturally and linguistically diverse groups 

 Fam
ilies from

 culturally and linguistically diverse backgrounds often have difficulty obtaining detailed inform
ation on child restraint practices in form

ats that m
atch 

their language skills. This can result in sub-optim
al child restraint practices. For further discussion of the issues and som

e effective solutions for these com
m

unities, 
see section Error! Reference source not found.. N

ote also that there are som
e people w

ith lim
ited literacy, w

hether their native language is English or not, and 
provision of inform

ation at an appropriate literacy level m
ay also be beneficial for these people. 

   Practice Point 2 
Fam

ilies from
 Culturally and Linguistically Diverse backgrounds m

ay benefit from
 detailed inform

ation on optim
al 

child restraint use provided in their ow
n language. People w

ith low
 literacy, w

hether in English or another language, 
m

ay benefit from
 inform

ation presented at appropriate literacy levels. 

 Further inform
ation on effective com

m
unication w

ith CALD com
m

unities, and cultural com
petence is available from

 the Centre for Culture, Ethnicity and Health: 
http://w

w
w

.ceh.org.au/know
ledge-hub/  
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6.7.2.2 
Groups experiencing socioeconom

ic disadvantage 
 Fam

ilies experiencing socioeconom
ic disadvantage m

ay face challenges in obtaining affordable high quality child restraints for use. A discussion of the issues 
surrounding restraint use in low

 socioeconom
ic groups can be found in section 5.6.2. 

 Practice Point 3 
Fam

ilies experiencing socioeconom
ic disadvantage m

ay benefit from
 assistance in identifying and/or obtaining 

affordable child restraints. 

 6.7.2.3 
Children w

ith disabilities 
 Children w

ith a disability, due to a m
edical condition or behaviours of concern, require specialist, m

ultidisciplinary, case-by-case assessm
ent, by qualified and 

experienced professionals, therefore general guidelines on restraint practices are not be sufficient for optim
al safety during travel. Such children often require 

special consideration, for short or long term
 needs, w

hen passengers in vehicles, and solutions need to be developed by these professionals in partnership w
ith the 

child’s carer(s). Broadly, it is recom
m

ended that the suitability of using an AS/N
ZS1754 child car restraint be explored in the first instance. If the child is at risk and 

their individual needs cannot be accom
m

odated in an AS/N
ZS1754 approved child restraint, parents should partner w

ith their child's allied health team
 to ensure 

correct prescription. The Australian Standard AS/N
ZS 4370 Restraint of children w

ith disabilities or m
edical conditions in m

otor vehicles provides a guide for health 
professionals supporting children w

ith disability in transport. This standard provides the prescriber w
ith an assessm

ent guide, outlining key aspects to consider w
hen 

assessing an individual child’s restraint needs for travelling in a m
otor vehicle. A suitable restraint is then prescribed, in the follow

ing order of preference: 
  1.      AS/N

ZS 1754 com
pliant (i.e. ‘regular’) child restraint  

2.      AS/N
ZS 1754 com

pliant (i.e. ‘regular’) child restraint w
ith m

odifications 
3.      Special purpose child restraint 
4.      Special purpose child restraint w

ith m
odifications 

5.      A custom
ized restraint/or other option 

 An AS/N
ZS 1754 com

pliant restraint m
eets the legal requirem

ents for use in m
otor vehicles in all jurisdictions. If an AS/N

ZS 1754 com
pliant child restraint is not 

suitable, then an individual prescription is required by a suitable m
edical professional, and a m

edical certificate provided, that should be carried in the vehicle if 
required by the local jurisdiction. There are specialist services available for assessing the needs of children w

ith disabilities in each state and territory, and these can 
be accessed by contacting the local road authority.  
 For children w

ith behaviours of concern, individualised assessm
ent should include (as appropriate) review

ing the child’s behaviour m
anagem

ent plan in the initial 
assessm

ent phase, trialling of behavioural strategies before the prescriber considers a m
odified, special purpose or custom

ised restraint or other option, choosing 
the least restrictive option, and obtaining appropriate approvals and consents as required by local and national regulations, such as the N

DIS Act. 
 Further discussion of the issues relating to transporting children w

ith disabilities can be found in section 5.6.3. 
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Practice Point 4 
Children w

ith disability (w
hether m

edical, cognitive, physical or behavioural) require specialist, m
ultidisciplinary, 

case-by-case assessm
ent. Restraint use for these children should follow

 guidelines in AS/N
ZS 4370 “Restraint of 

children w
ith disabilities or m

edical conditions in m
otor vehicles”. 

6.7.3 
Encouraging fam

ilies to plan for future restraint needs  
 W

hen purchasing a restraint, fam
ilies are faced w

ith a m
ultitude of options, and it can be confusing to choose the m

ost appropriate restraint for the fam
ily’s current 

and future needs. Parents and carers should be advised to think about not only their child’s im
m

ediate needs, but also their likely future restraint needs, to m
inim

ise 
the need to buy m

ultiple restraints in sim
ilar or overlapping categories as the child grow

s. This is particularly relevant for booster seats, since a child is recom
m

ended 
to use a booster seat up until they can achieve good adult belt fit. Different types of booster seat exist, not all of w

hich w
ill accom

m
odate a child for this full period 

of tim
e. 

 Practice Point 5 
Parents or carers should be encouraged to consider w

hether the restraint they intend to purchase w
ill accom

m
odate 

their child for the full duration that they are recom
m

ended to use it. This is particularly relevant for booster seat 
purchases, as not all booster seats w

ill accom
m

odate children until they achieve good adult seat belt fit. 

6.7.4 
Transport of sm

all infants 
Very sm

all infants (<2.5kg) m
ay be difficult to securely harness in standard RFCRs (Brow

n et al., 2017b). These infants m
ay achieve a m

ore secure fit in a seat 
specifically designed for them

. The Australian/N
ew

 Zealand Standard 1754:2013 includes specifications for child restraints for sm
all infants below

 2.5kg. These are 
designated as Type A1/0, Type A2/0, Type A3/0 and Type A4/0. There have also been concerns about an increased risk of apnoea (a stop in breathing) for prem

ature 
infants and other children at risk of breathing difficulties in child restraints, and w

hile the research evidence is m
ixed, m

inim
ising tim

e in the car seat and having an 
adult (w

ho is not driving the vehicle) observe the child w
hilst the child restraint is in use is advised (Davis, 2015). Further research is required on this issue. 

 Practice Point 6 

 

Parents or carers of sm
all infants (<2.5kg) are advised to use a rearw

ard facing restraint designed to accom
m

odate 
low

 birthw
eight infants (Type A1/0, Type A2/0, or Type A4/0) until the child is large enough for a good fit in a standard 

rearw
ard facing child restraint.  

Practice Point 7 
Parents or carers of prem

ature infants should m
inim

ise the tim
e babies are in a child restraint, and observe the child 

w
hile in the seat w

hen possible, to m
inim

ise the risk of apnoea (a stop in breathing). 

  



 Technical Report 
 

 
 

 
 

 
 Page | 116  

4 
R

eferences 
 Agran, F., Castillo, D., W

inn, D., 1992. Com
parison of M

otor Vehicle O
ccupant Injuries in Restrained and U

nrestrained 4 to 14-year-olds. Accident Analysis &
 

Prevention. 24, 349-355. 

Anderson, D.M
., Carlson, L.L., Rees, D.I., 2017. Booster Seat Effectiveness Am

ong O
lder Children: Evidence From

 W
ashington State. Am

 J Prev M
ed. 53, 210-215. 

Anderson, P.A., Rivara, F.P., M
aier, R.V., Drake, C., 1991. The epidem

iology of seatbelt-associated injuries. Journal of Traum
a. 31, 60-67. 

Anderson, R., Hutchinson, T., 2009. O
ptim

ising product advice based on age w
hen design criteria are based on w

eight: child restraints in vehicles. Ergonom
ics. 52, 

312-324. 

Andersson, M
., Pipkorn, B., Lovsund, P., 2013. Rear seat child safety in near-side im

pacts: a m
odeling study of com

m
on sitting positions. Traffic Inj Prev. 14, 198-208. 

Arbogast, K., Durbin, D., Cornejo, R., Kallan, M
., W

inston, F., 2004. An evaluation of the effectiveness of forw
ard facing child restraint system

s. Accident Analysis &
 

Prevention. 36, 585-589. 

Arbogast, K., Kallan, M
., 2007. The Exposure of Children to Deploying Side Air Bags: An Initial Field Assessm

ent. Annual Proceedings/Association for the Advancem
ent 

of Autom
otive M

edicine. 51, 5–259. 

Arbogast, K., Kent, R., M
enon, R., Ghati, Y., Durbin, D., Rouhana, S., 2007. M

echanism
s of Abdom

inal O
rgan Injury in Seat Belt-Restrained Children. Journal of Traum

a 
Injury, Infection and Critical Care. 62, 1473-1480. 

Arbogast, K., Jerm
akian, J., Ghati, Y., 2009a. Abdom

inal injuries in belt-positioning booster seats. Am
erican Association for Autom

otive M
edicine Annual Scientific 

Conference. 53, 209-219. 

Arbogast, K., Jerm
akian, J., Kallan, M

., Durbin, D., 2009b. Effectiveness of belt positioning booster seats: an updated assessm
ent. Pediatrics. 124, 1281-1286. 

Arbogast, K., Kallan, M
., Durbin, D., 2009c. Front versus rear seat injury risk for child passengers: evaluation of new

er m
odel year vehicles. Traffic Injury Prevention. 

10, 297-301. 

Arbogast, K.B., Cornejo, R.A., Kallan, M
.J., W

inston, F.K., Durbin, D.R., 2002. Injuries to children in forw
ard facing child restraints. Annual Proceedings/Association 

for the Advancem
ent of Autom

otive M
edicine. 46, 213-230. 

Arbogast, K.B., Durbin, D.R., Kallan, M
.J., Elliott, M

.R., W
inston, F.K., 2005. Injury risk to restrained children exposed to deployed first- and second-generation air 

bags in frontal crashes. Archives of Pediatrics &
 Adolescent M

edicine. 159, 342-346. 



 Technical Report 
 

 
 

 
 

 
 Page | 117  

Arbogast, K.B., Locey, C.M
., Zonfrillo, M

.R., M
altese, M

.R., 2010. Protection of children restrained in child safety seats in side im
pact crashes. Journal of Traum

a-
Injury Infection &

 Critical Care. 69, 913-923. 

Asbridge, M
., O

gilvie, R., W
ilson, M

., Hayden, J., 2018. The im
pact of booster seat use on child injury and m

ortality: System
atic review

 and m
eta-analysis of 

observational studies of booster seat effectiveness. Accid Anal Prev. 119, 50-57. 

Baker, G., Stockm
an, I., Bohm

an, K., Jakobsson, L., O
svalder, A.L., Svensson, M

., W
im

m
erstedt, M

., 2018. Kinem
atics and shoulder belt engagem

ent of children on 
belt-positioning boosters during evasive steering m

aneuvers. Traffic Inj Prev. 19, S131-s138. 

Berg, M
.D., Cook, L., Corneli, H.M

., Vernon, D.D., Dean, J.M
., 2000. Effect of seating position and restraint use on injuries to children in m

otor vehicle crashes. 
Pediatrics. 105, 831-835. 

Bilston, L., Brow
n, J., Kelly, P., 2005. Im

proved protection for children in forw
ard facing restraints during side im

pacts. Traffic Injury Prevention. 6, 135-146. 

Bilston, L., Sagar, N
., 2007. Geom

etry of rear seats and child restraints com
pared to child anthropom

etry. Stapp Car Crash Journal. 51, 275-298. 

Bilston, L., Yuen, M
., Brow

n, J., 2007. Reconstruction of Crashes Involving Injured Child O
ccupants: The Risk of Serious Injuries Associated w

ith Sub-O
ptim

al Restraint 
U

se M
ay Be Reduced by Better Controlling O

ccupant Kinem
atics. Traffic Injury Prevention. 8, 47-61. 

Bilston, L., Finch, C., Hatfield, J., Brow
n, J., 2008. Age-specific parental know

ledge of restraint transitions influences appropriateness of child occupant restraint use. 
Injury Prevention. 14, 159-163. 

Bilston, L., Du, W
., Brow

n, J., 2010. A m
atched-cohort analysis of belted front and rear seat occupants in new

er and older m
odel vehicles show

s that gains in front 
occupant safety have outpaced gains for rear seat occupants. Accident Analysis &

 Prevention. 42, 1974-1977. 

Bilston, L., Du, W
., Brow

n, J., 2011. Factors predicting incorrect use of restraints by children travelling in cars: a cluster random
ised observational study. Injury 

Prevention. 17, 91-96. 

Bilston, L.E., Brow
n, J., 2007. Pediatric Spinal Injury Type and Severity Are Age and M

echanism
 Dependent. Spine. 32, 2339-2347. 

Bohm
an, K., Stockm

an, I., Jakobsson, L., O
svalder, A.-L., Bostrom

, O
., Arbogast, K.B., 2011. Kinem

atics and shoulder belt position of child rear seat passengers during 
vehicle m

aneuvers. Annals of Advances in  Autom
otive M

edicine. 55, 15-26. 

Bohm
an, K., Fredriksson, R., 2014. Pretensioner Loading to Rear-Seat O

ccupants During Static and Dynam
ic Testing. Traffic Injury Prevention. 15, S111-S118. 

Bohm
an, K., Arbogast, K.B., Loeb, H., Charlton, J.L., Koppel, S., Cross, S.L., 2018. Frontal and oblique crash tests of HIII 6-year-old child ATD using real-w

orld, observed 
child passenger postures. Traffic Inj Prev. 19, S125-s130. 



 Technical Report 
 

 
 

 
 

 
 Page | 118  

Braver, E.R., W
hitfield, R., Ferguson, S.A., 1998. Seating positions and children's risk of dying in m

otor vehicle crashes. Injury Prevention. 4, 181-187. 

Brow
n, J., Kelly, P., Griffiths, M

., Tong, S., Pak, R., Gibson, T., 1995. The Perform
ance of Tethered and Untethered Forw

ard Facing Child Restraints International 
Conference on the Biom

echanics of Im
pact, pp. 61-74. 

Brow
n, J., Kelly, P., Griffiths, M

., 1997. A com
parison of alternative anchorage system

s for child restraints in side im
pacts. 2nd Child O

ccupant Protection Sym
posium

. 
Society of Autom

otive Engineers (SAE), O
rlando, Florida, U

SA, pp. 87-92. 

Brow
n, J., Bilston, L.E., M

cCaskill, M
., Henderson, M

., 2005. Identification of Injury M
echanism

s for Child O
ccupants Aged 2–8 in M

otor Vehicle Accidents. In: 
Accidents, S.M

. (Ed.), Authority Research Report; . 

Brow
n, J., Bilston, L., 2006a. M

isuse of Child Restraints and Injury O
utcom

e in Crashes. Proceedings of the 2006 Australasian Road Safety Research Policing and 
Education Conference, Gold Coast, p. 12. 

Brow
n, J., Bilston, L., 2006b. High back booster seats: in the field and in the laboratory. 50th AAAM

 Annual Scientific Conference. AAAM
, Chicago, U

SA, p. 15. 

Brow
n, J., M

cCaskill, M
., Henderson, M

., Bilston, L., 2006a. Serious injury is associated w
ith suboptim

al restraint use in child m
otor vehicle occupants. Journal of 

Paediatrics and Child Health. 42, 345-349. 

Brow
n, J., M

cCaskill, M
., Henderson, M

., Bilston, L.E., 2006b. Serious Injury Is Associated w
ith Suboptim

al Restraint U
se in Child M

otor Vehicle O
ccupants. J. Paediatr. 

Child Health. 42, 345-349. 

Brow
n, J., Bilston, L., 2007. Child restraint m

isuse: Incorrect and inappropriate use of restraints by children reduces their effectiveness in crashes. Journal of the 
Australasian College of Road Safety. 18, 34-43. 

Brow
n, J., Bilston, L., 2009. Spinal injury in m

otor vehicle crashes: elevated risk persists up to 12 years of age. Archives of Disease in Childhood. 94, 546-548. 

Brow
n, J., Kelly, P., Suratno, B., Paine, M

., Griffiths, M
., 2009. The need for enhanced protocols for assessing the dynam

ic perform
ance of booster seats in frontal 

im
pacts. Traffic Inj Prev. 10, 58-69. 

Brow
n, J., Fell, D., Bilston, L., 2010a. Shoulder Height Labeling of Child Restraints to M

inim
ize Prem

ature Graduation. Pediatrics. 126, 490-497. 

Brow
n, J., Hatfield, J., Du, W

., Finch, C., Bilston, L., 2010b. The Characteristics of Incorrect Restraint Use Am
ong Children Traveling in Cars in N

ew
 South W

ales, 
Australia. Traffic Injury Prevention. 11 391 —

 398. 

Brow
n, J., W

ainohu, D., Aquilina, P., Suratno, B., Kelly, P., Bilston, L., 2010c. Accessory child safety harnesses: Do the risks outw
eigh the benefits? Accident Analysis 

&
 Prevention. 42 112–121. 



 Technical Report 
 

 
 

 
 

 
 Page | 119  

Brow
n, J., Finch, C., Hatfield, J., Bilston, L., 2011. Child Restraint Fitting Stations reduce incorrect restraint use am

ong child occupants. Accident Analysis &
 Prevention. 

42, 1128–1133. 

Brow
n, J., Fong, C., Albanese, B., Laic, A., Dal N

evo, R., Suratno, B., Leavy, D., Bilston, L., 2017a. Integrated Booster Seats: Crash Protection, Ease of U
se and Errors in 

U
se. Australasian Road Safety Conference, Perth, Australia. 

Brow
n, J., Sinn, J.K., Chua, A., Clarke, E.C., 2017b. Q

uality of harness fit for norm
al and low

 birthw
eight infants observed am

ong new
borns in infant car seats. Inj 

Prev. 23, 81-86. 

Brow
n, J.K., Jing, Y., W

ang, S., Ehrlich, P.F., 2006c. Patterns of severe injury in pediatric car crash victim
s: Crash Injury Research Engineering N

etw
ork database. 

Journal of Pediatric Surgery. 41, 362-367. 

Cam
pbell, D., Sprouse, L., Sm

ith, L., Kelley, J., Carr, M
., 2003. Injuries in pediatric patients w

ith seatbelt contusions. Am
erican Surgeon. 69, 1095-1099. 

Caskey, S., Ham
m

ond, J., Peck, J., Sardelli, M
., Atkinson, T., 2018. The Effect of Booster Seat U

se on Pediatric Injuries in M
otor Vehicle Frontal Crashes. J Pediatr 

O
rthop. 38, e382-e386. 

CDC, 1995. Air-Bag–Associated Fatal Injuries to Infants and Children Riding in Front Passenger Seats —
 U

nited States. M
M

W
R - M

orbidity &
 M

ortality W
eekly Report. 

44, 845-848. 

Charlton, J., Fildes, B., Laem
m

le, R., Koppel, S., Fechner, L., M
oore, K., Sm

ith, S., Douglas, F., Doktor, I., 2005. Crash perform
ance evaluation of booster seats for an 

Australian car. International Technical Conference on the Enhanced Safety of Vehicles, 19th, W
ashington, DC, U

SA, pp. 809-825. 

Charlton, J.L., Fildes, B., Laem
m

le, R., Sm
ith, S., Douglas, F., 2004. A prelim

inary evaluation of child restraints and anchorage system
s for an Australian car. Annual 

proceedings. Association for the Advancem
ent of Autom

otive M
edicine. 48, 73-86. 

Cicchino, J.B., Jerm
akian, J.S., 2015. Vehicle characteristics associated w

ith LATCH use and correct use in real-w
orld child restraint installations. J Safety Res. 53, 77-

85. 

Clapham
, K., Bennett-Brookes, K., Hunter, K., Zw

i, K., Ivers, R., 2019. Active and safe: preventing unintentional injury for Aboriginal children and young people in 
N

ew
 South W

ales. Guidelines for policy and practice. Sydney Children's Hospitals N
etw

ork, Sydney. 

Cum
m

ings, P., Koepsell, T., Rivara, F., M
cKnight, B., M

ack, C., 2002. Air bags and passenger fatality according to passenger age and restraint use. Epidem
iology. 13, 

525-532. 

Cuny, S., Got, C., Foret-Bruno, J.Y., Le Coz, J.Y., Brun Cassan, F., Brutel, G., 1997. The effectiveness of child restraint system
s in France. 2nd Child O

ccupant Protection 
Sym

posium
. Society of Autom

otive Engineers, O
rlando, FL, U

SA, p. 280. 



 Technical Report 
 

 
 

 
 

 
 Page | 120  

Decina, L.E., Lococo, K.H., 2007. O
bserved LATCH use and m

isuse characteristics of child restraint system
s in seven states. Journal of Safety Research. 38, 273-281. 

Du, W
., Hayen, A., Bilston, L., Hatfield, J., Finch, C., Brow

n, J., 2008. Association Betw
een Different Restraint U

se and Rear-Seated Child Passenger Fatalities: A 
M

atched Cohort Study. Archives of Pediatrics &
 Adolescent M

edicine. 162, 1085-1089. 

Duchossois, G.P., N
ance, M

.L., W
iebe, D.J., 2008. Evaluation of child safety seat checkpoint events. Accident Analysis &

 Prevention. 40, 1908-1912. 

Durbin, D., Kallan, M
., Elliott, M

., Arbogast, K., Cornejo, R., W
inston, F., 2002. Risk of Injury to Restrained Children from

 Passenger Airbags Association for the 
Advancem

ent of Autom
otive M

edicine Conference, pp. 16-25. 

Durbin, D., Chen, I., Sm
ith, R., Elliot, M

., W
inston, F., 2005. Effects of Seating Position and Appropriate Restraint U

se on the Risk of Injury to Children in M
otor Vehicle 

Crashes Pediatrics. 5, 305-309. 

Durbin, D.R., Elliott, M
.R., W

inston, F.K., 2003. Belt-positioning booster seats and reduction in risk of injury am
ong children in vehicle crashes. JAM

A. 289, 2835-
2840. 

Durbin, D.R., Jerm
akian, J.S., Kallan, M

.J., M
cCartt, A.T., Arbogast, K.B., Zonfrillo, M

.R., M
yers, R.K., 2015. Rear seat safety: Variation in protection by occupant, crash 

and vehicle characteristics. Accid Anal Prev. 80, 185-192. 

Ebel, B.E., Koepsell, T.D., Bennett, E.E., Rivara, F.P., 2003. Too sm
all for a seatbelt: predictors of booster seat use by child passengers. Pediatrics. 111, e323-327. 

Elliott, M
.R., Kallan, M

.J., Durbin, D.R., W
inston, F.K., 2006. Effectiveness of Child Safety Seats vs Seat Belts in Reducing Risk for Death in Children in Passenger Vehicle 

Crashes. Archives of Pediatrics &
 Adolescent M

edicine. 160, 617-621. 

Eppinger, R., 1993. O
ccupant restraint system

s. In: N
ahum

, A.M
., M

elvin, J.W
. (Eds.), Accidental Injury: Biom

echanics and Prevention. Springer-Verlag, New
 York, 

pp. 186-197. 

Ernat, J.J., Knox, J.B., W
im

berly, R.L., Riccio, A.I., 2016. The Effects of Restraint Type on Pattern of Spine Injury in Children. J Pediatr O
rthop. 36, 594-601. 

Fitzharris, M
., Charlton, J., Bohensky, M

., Koppel, S., Fildes, B., 2008. Booster seat use by children aged 4-11 years: evidence of the need to revise current Australasian 
standards to accom

m
odate overw

eight children. M
edical Journal of Australia. 188, 328-331. 

Form
an, J., M

ichaelson, J., Kent, R., Kuppa, S., Bostrom
, O

., 2008. O
ccupant restraint in the rear seat: ATD responses to standard and pre-tensioning, force-lim

iting 
belt restraints. Annals of Advances in Autom

otive M
edicine. 52, 141-154. 

Form
an, J.L., Segui-Gom

ez, M
., Ash, J.H., Lopez-Valdes, F.J., 2011. Child posture and shoulder belt fit during extended night-tim

e traveling: an in-transit observational 
study. Ann Adv Autom

ot M
ed. 55, 3-14. 



 Technical Report 
 

 
 

 
 

 
 Page | 121  

Gane, J., 1999. Replacem
ent of Child Seats After a Collision. Research Council For Autom

obile Repairs, M
adrid, Spain  

Ghati, Y., M
enon, R., M

ilone, M
., Lankarani, H., O

liveres, G., 2009. Perform
ance evaluation of child safety seats in far-side lateral sled tests at varying speeds. Annals 

of Advances in Autom
otive M

edicine. 53, 221-235. 

Giguere, J.F., St-Vil, D., Turm
el, A., Di Lorenzo, M

., Pothel, C., M
anseau, S., M

ercier, C., 1998. Airbags and children: a spectrum
 of C-spine injuries. Journal of Pediatric 

Surgery. 33, 811-816. 

Glass, R., Segui-Gom
ez, M

., Graham
, J., 2000. Child passenger safety: decisions about seating location, airbag exposure, and restraint use. Risk Analysis. 20, 521-527. 

Gotschall, C.S., Better, A.I., Bulas, D., Eichelberger, M
.R., Bents, F., W

arner, M
., 1998a. Injuries to children in 2- and 3-point belts. Annual Conference of the Association 

for the Advancem
ent of Autom

otive M
edicine. 42, 29-43. 

Gotschall, C.S., Dougherty, D.J., Eichelberger, M
.R., Bents, F.D., 1998b. Traffic-related injuries to children: lessons from

 real w
orld crashes. Annual Association for 

the Advancem
ent of Autom

otive M
edicine Conference, pp. 165-177. 

Hauschild, H.W
., Hum

m
, J.R., Pintar, F.A., Yoganandan, N

., Kaufm
an, B., M

altese, M
.R., Arbogast, K.B., 2015. The Influence of Enhanced Side Im

pact Protection on 
Kinem

atics and Injury M
easures of Far- or Center-Seated Children in Forw

ard-Facing Child Restraints. Traffic Inj Prev. 16 Suppl 2, S9-s15. 

Hauschild, H.W
., Hum

m
, J.R., Pintar, F.A., Yoganandan, N

., Kaufm
an, B., Kim

, J., M
altese, M

.R., Arbogast, K.B., 2016. Protection of children in forw
ard-facing child 

restraint system
s during oblique side im

pact sled tests: Intrusion and tether effects. Traffic Inj Prev. 17 Suppl 1, 156-162. 

Hauschild, H.W
., Hum

m
, J.R., Pintar, F.A., Yoganandan, N

., Kaufm
an, B., M

altese, M
.R., Arbogast, K.B., 2018. The influence of child restraint low

er attachm
ent m

ethod 
on protection offered by forw

ard facing child restraint system
s in oblique loading conditions. Traffic Inj Prev. 19, S139-s145. 

Henary, B., Sherw
ood, C.P., Crandall, J.R., Kent, R.W

., Vaca, F.E., Arbogast, K.B., Bull, M
.J., 2007. Car safety seats for children: rear facing for best protection. Injury 

Prevention. 13, 398-402. 

Henderson, M
., 1994. Children in car crashes: An in-depth study of car crashes in w

hich child occupants w
ere injured. Child Accident Prevention Foundation of 

Australia, Sydney, p. 118 pages. 

Henderson, M
., Paine, M

., 1994. School bus seats: Their fitm
ent, effectiveness and cost. Technical Report Prepared for the (form

er) Bus Safety Advisory Com
m

ittee, 
N

ew
 South W

ales Departm
ent of Transport  

Henderson, M
., Brow

n, J., Griffiths, M
., 1997. Children in adult seat belts and child harnesses: Crash sled com

parisons of dum
m

y responses. 2nd Child O
ccupant 

Protection Sym
posium

, pp. 159-163. 



 Technical Report 
 

 
 

 
 

 
 Page | 122  

Holtz, J., Tress, M
., Sobotzik, C., Johannsen, H., Carroll, J., M

üller, S., 2016. Side-Im
pact Sim

ulation Study to Investigate the Protection of O
lder Child O

ccupants in 
Lightw

eight Vehicles. International Research Council on Biom
echanics of Injury. International Research Council on Biom

echanics of Injury (IRCO
BI), M

alaga, Spain, 
pp. 1-12. 

House, D.R., Huffm
an, G., W

althall, J.D., 2012. Em
ergency departm

ent transport rates of children from
 the scene of m

otor vehicle collisions: do booster seats m
ake 

a difference? Pediatr Em
erg Care. 28, 1211-1214. 

Huang, M
., Laya, J., Loo, M

., 1995. A study on ride-Dow
n efficiency and occupant responses in high speed crash tests. SAE Publication SP-1077. Advances in O

ccupant 
Protection Technologies for the M

id-N
ineties. 29-36. 

Huang, S., Reed, M
.P., 2006. Com

parison of child body dim
ensions w

ith rear seat geom
etry. 2006 SAE W

orld congress. Society of Autom
otive Engineers, W

arrendale, 
PA, Detroit, M

I, U
SA, pp. 1-10. 

IIHS, 2000. Child restraints takes their punches in repeated crash tests at high speed. Status report. 35. 

Isaksson-Hellm
an, I., Jakobsson, L., Gustafsson, C., N

orin, H., 1997. Trends and effects of child restraint system
s based on Volvo's Sw

edish accident database. 2nd 
Child O

ccupant Sym
posium

. Society of Autom
otive Engineers (SAE), W

arrendale, Pennsylvania, U
SA, O

rlando, Florida, U
SA, pp. 43-54. 

Johansson, M
., Pipkorn, B., Lövsund, P., 2009. Child Safety in Vehicles: Validation of a M

athem
atical M

odel and Developm
ent of Restraint System

 Design Guidelines 
for 3-Year-O

lds through M
athem

atical Sim
ulations. Traffic Injury Prevention. 10, 467-478. 

Johnston, C., Rivara, F.P., Soderberg, R., 1994. Children in car crashes: analysis of data for injury and use of restraints. Pediatrics. 93, 960-965. 

Kahane, D., 1986. An evaluation of child passenger safety: The effectiveness and benefits of safety seats - Technical Report. N
ational Highw

ay Traffic Safety 
Adm

inistration. 

Kallan, M
.J., Durbin, D.R., Arbogast, K.B., 2008. Seating Patterns and Corresponding Risk of Injury Am

ong 0- to 3-Year-O
ld Children in Child Safety Seats. Pediatrics. 

121, e1342-1347. 

Kapoor, T., Altenhof, W
., Snow

don, A., How
ard, A., Rasico, J., Zhu, F., Baggio, D., 2011a. A num

erical investigation into the effect of CRS m
isuse on the injury potential 

of children in frontal and side im
pact crashes. Accident Analysis &

 Prevention. 43, 1438-1450. 

Kapoor, T., Altenhof, W
., Snow

don, A., How
ard, A., Rasico, J., Zhu, F., Baggio, D., 2011b. A num

erical investigation into the effect of CRS m
isuse on the injury potential 

of children in frontal and side im
pact crashes. Accident Analysis &

 Prevention. 43, 1438-1450. 

Kelly, P., Brow
n, J., Griffiths, M

., 1995a. Child restraint perform
ance in side im

pacts w
ith and w

ithout top tethers and w
ith and w

ithout rigid attachm
ent (CAN

FIX). 
International IRCO

BI Conference on the Biom
echanics of Im

pact, Brunnen, Sw
itzerland, pp. 75-90. 



 Technical Report 
 

 
 

 
 

 
 Page | 123  

Kelly, P., Brow
n, J., Griffiths, M

., 1995b. Child restraint perform
ance in side im

pacts w
ith and w

ithout top tethers and w
ith and w

ithout rigid attachm
ent (Canfix). 

International Research Conference on Biom
echanics of Injury, Brunnen, Sw

itzerland, pp. 75-90. 

Kirley, B., Teoh, E., Lund, A., Arbogast, K., Kallan, M
., Durbin, D., 2009. M

aking the m
ost of the w

orst-case scenario: should belt-positioning booster seats be used in 
lap-belt-only seating positions? Traffic Injury Prevention. 10, 580-583. 

Klinich, K., Pritz, H., Beebe, M
., W

elty, K., 1994. Survey of older children in autom
otive restraints. Proceedings of the 38th Stapp Car Crash Conference, W

arrendale, 
PA, pp. 245-264. 

Klinich, K.D., Flannagan, C.A., Jerm
akian, J.S., M

cCartt, A.T., M
anary, M

.A., M
oore, J.L., W

ells, J.K., 2013. Vehicle LATCH system
 features associated w

ith correct child 
restraint installations. Traffic Inj Prev. 14, 520-531. 

Koppel, S., Charlton, J.L., 2009. Child restraint system
 m

isuse and/or inappropriate use in Australia. Traffic Injury Prevention. 10, 302-307. 

Lalande, S., Lagault, F., Pedder, J., 2003. Relative degradation of safety to children w
hen autom

otive restraint system
s are m

isused. 18th Enhanced Safety of Vehicles 
Conference, N

agoya, Japan, p. Paper N
o 85. 

Lane, J.C., 1994. The seat belt syndrom
e in children. Accident Analysis &

 Prevention. 26, 813-820. 

Lapner, P.C., M
cKay, M

., How
ard, A., Gardner, B., Germ

an, A., Letts, M
., 2001. Children in crashes: m

echanism
s of injury and restraint system

s. Canadian Journal of 
Surgery. 44, 445-449. 

Lapner, P.C., N
guyen, D., Letts, M

., 2003. Analysis of a school bus collision: m
echanism

 of injury in the unrestrained child. Canadian Journal of Surgery. 46, 269-272. 

Lennon, A., Siskind, V., Haw
orth, N

., 2008. Rear seat safer: Seating position, restraint use and injuries in children in traffic crashes in Victoria, Australia. Accident 
Analysis &

 Prevention. 40, 829-834. 

Levitt, S., 2005. Evidence that seat belts are as effective as child safety seats in preventing death for cihldren aged tw
o and up. N

BER W
orking Paper Series. 11591. 

Loesch, D., Stokes, K., Huggins, R., 2000. Secular trend in body height and w
eight of Australian children and adolescents Am

erican Journal of Physical Anthropology. 
111, 545-556. 

Loftis, C.M
., Saw

yer, J.R., Eubanks, J.W
., 3rd, Kelly, D.M

., 2017. The Im
pact of Child Safety Restraint Status and Age in M

otor Vehicle Collisions in Predicting Type and 
Severity of Bone Fractures and Traum

atic Injuries. J Pediatr O
rthop. 37, 521-525. 

Lucas, E., Brow
n, J., Bilston, L., 2008. Variations in injury risk w

ith different form
s of forw

ard facing child restraint system
 m

isuse. Australasian Road Safety Research 
Policing Education Conference, Adelaide, Australia. 



 Technical Report 
 

 
 

 
 

 
 Page | 124  

Lueder, G.T., 2000. Air bag-associated ocular traum
a in children. O

phthalm
ology. 107, 1472-1475. 

Lutz, N
., Arbogast, K.B., Cornejo, R.A., W

inston, F.K., Durbin, D.R., N
ance, M

.L., 2003. Suboptim
al restraint affects the pattern of abdom

inal injuries in children 
involved in m

otor vehicle crashes. Journal of Pediatric Surgery. 38, 919-923. 

M
a, X., Layde, P., Zhu, S., 2012. Association Betw

een Child Restraint System
s U

se and Injury in M
otor Vehicle Crashes. Acad Em

erg M
ed. 19, 916-923. 

M
a, X., Griffin, R., M

cGw
in, G., Allison, D.B., Heym

sfield, S.B., He, W
., Zhu, S., 2013. Effectiveness of booster seats com

pared w
ith no restraint or seat belt alone for 

crash injury prevention. Acad Em
erg M

ed. 20, 880-887. 

M
ajstorovic, J., Bing, J., Dahle, E., Bolte, J.t., Kang, Y.S., 2018. Top tether effectiveness during side im

pacts. Traffic Inj Prev. 19, S146-s152. 

M
anary, M

., Reed, M
., Klinich, K., Ritchie, N

., Schneider, L., 2006. The Effects of Tethering Rear-Facing Child Restraint System
s on ATD Response In Association for 

the Advancem
ent of Autom

otive M
edicine 50th Annual Proceedings. 397-410. 

M
arshall, K., Koch, B., Egelhoff, J., 1998. Air Bag–Related Deaths and Serious Injuries in Children: Injury Patterns and Im

aging Findings. Am
erican Journal of 

N
euroradiology. 19, 1599–1607. 

M
cM

urry, T.L., Arbogast, K.B., Sherw
ood, C.P., Vaca, F., Bull, M

., Crandall, J.R., Kent, R.W
., 2018. Rear-facing versus forw

ard-facing child restraints: an updated 
assessm

ent. Inj Prev. 24, 55-59. 

M
iller, T., Zaloshnja, E., Sheppard, M

., 2002. Are booster seats needed: com
paring occupant outcom

es ages 4-7 versus 8-13. Annual Conference of the Association 
for the Advancem

ent of Autom
otive M

edicine, pp. 249-259. 

M
iller, T.R., Zaloshnja, E., Hendrie, D., 2006. Cost-O

utcom
e Analysis of Booster Seats for Auto O

ccupants Aged 4 to 7 Years. Pediatrics. 118, 1994-1998. 

N
ational Transportation Safety Board, 1996. Safety study: the perform

ance and use of child restraint system
s, seatbelts, and air bags for children in passenger 

vehicles: Volum
e 1: Analysis. N

TSB/SS-96/01, W
ashington DC. 

N
ew

gard, C., Lew
is, R., 2005. Effects of child age and body size on serious injury from

 passenger air-bag prseence in m
otor vehicle crashes. Pediatrics. 115, 1579-

1585. 

N
HM

RC, 
2009. 

Levels 
of 

evidence 
and 

grades 
for 

recom
m

endations 
for 

developers 
of 

guidelines: 
N

HM
RC. 

http://w
w

w
.nhm

rc.gov.au/_files_nhm
rc/file/guidelines/evidence_statem

ent_form
.pdf 

 O
lson, C., Cum

m
ings, P., Rivara, F., 2006. Association of First- and Second-Generation Air Bags w

ith Front O
ccupant Death in Car Crashes: A M

atched Cohort Study. 
Am

erican Journal of Epidem
iology. 164, 161-169. 



 Technical Report 
 

 
 

 
 

 
 Page | 125  

Partyka, S., 1988. Lives saved by child restraints from
 1982 through 1987. N

ational Highw
ay Traffic Safety Adm

inistration report, W
ashington, DC. 

Petridou, E., Skalkidou, A., Lescohier, I., Trichopoulos, D., 1998. Car restraints and seating position for prevention of m
otor vehicle injuries in Greece. Archives of 

Diseases in Childhood. 78, 335-339. 

Pline, K., Board, D., M
uralidharan, N

., Sundararajan, S., Eisw
erth, E., Salciccioli, K., 2017a. A test m

ethod to assess interactions and com
patibility of inflatable seatbelts 

w
ith child restraint system

s. SAE Technical Paper 2017-01-1448. 

Pline, K., Board, D., M
uralidharan, N

., Sundararajan, S., Eisw
erth, E., Salciccioli, K., Baker, N

., 2017b. An assessm
ent of inflatable seatbelt interaction and com

patibility 
w

ith rear-facing-only child restraint system
s. SAE Int. J. Trans. Safety. 5, 167-177. 

Raym
ond, P., Searcy, S., Findley, D., M

iller, S., Redden, C., N
ational Highw

ay Traffic Safety, A., 2017. Additional Analysis of the N
ational Child Restraint Use Special 

Study. Traffic Safety Facts - Research N
ote. 5p. 

Reed, M
., Ebert, S., Sherw

ood, C., Klinich, K., M
anary, M

., 2009. Evaluation of the static belt fit provided by belt-positioning booster seats. Accident Analysis &
 

Prevention. 41, 598-607. 

Reed, M
.P., Ebert-Ham

ilton, S.M
., Klinich, K.D., M

anary, M
.A., Rupp, J.D., 2013. Effects of vehicle seat and belt geom

etry on belt fit for children w
ith and w

ithout 
belt positioning booster seats. Accid Anal Prev. 50, 512-522. 

Rice, T., Anderson, C., Lee, A., 2009. The association betw
een booster seat use and risk of death am

ong m
otor vehicle occupants aged 4-8: a m

atched cohort study. 
Injury Prevention. 15, 379-383. 

Rola, E., Rzym
kow

ski , C., 2015. Effectiveness of the Child Restraint System
 w

ith a Special Airbag and Sm
art Seatbelt Pretensioner in Frontal Collisions. International 

Research Council on Biom
echanics of Injury Conference, Lyon,France, pp. 101-113. 

Rola, E., 2016. Param
etric Study of 3-Year-O

lds in a Child Restraint System
 w

ith Harness Pretensioner and Load Lim
iter. International Research Council on 

Biom
echanics of Injury Conference, M

alaga, Spain, p. 2p. 

Rouhana, S.W
., Sundararajan, S., Board, D., Prasad, P., Rupp, J.D., M

iller, C.S., Jeffreys, T.A., Schneider, L.W
., 2013. Biom

echanical considerations for assessing 
interactions of children and sm

all occupants w
ith inflatable seat belts. Stapp Car Crash J. 57, 89-137. 

Roynard, M
., Silverans, P., Casteels, Y., Lesire, P., 2014. N

ational roadside survey of child restraint system
 use in Belgium

. Accident Analysis &
 Prevention. 62, 369-

376. 

Sahraei, E., Soudbakhsh, D., Digges, K., 2009. Protection of rear seat occupants in frontal crashes, controlling for occupant and crash characteristics. Stapp Car Crash 
Journal. 53, 75-91. 



 Technical Report 
 

 
 

 
 

 
 Page | 126  

Sam
pson, D., Lozzi, A., Kelly, P., Brow

n, J., 1996. Effect of harness m
ounting location on child restraint perform

ance. 15th International Technical Conference on the 
Enhanced Safety of Vehicles, M

elbourne. 

Sauber-Schatz, E.K., W
est, B.A., Bergen, G., 2014. Vital signs: restraint use and m

otor vehicle occupant death rates am
ong children aged 0-12 years - U

nited States, 
2002-2011. M

M
W

R M
orb M

ortal W
kly Rep. 63, 113-118. 

Sauber-Schatz, E.K., Thom
as, A.M

., Cook, L.J., 2015. M
otor Vehicle Crashes, M

edical O
utcom

es, and Hospital Charges Am
ong Children Aged 1-12 Years - Crash 

O
utcom

e Data Evaluation System
, 11 States, 2005-2008. M

M
W

R Surveill Sum
m

. 64, 1-32. 

Sherw
ood, C., Abdelilah, Y., Crandall, J., 2006. Q

uantifying the relationship betw
een vehicle interior geom

etry and child restraint system
s. Association for the 

Advancem
ent of Autom

otive M
edicine Annual Conference, Chicago, U

SA. 

Skjerven-M
artinsen, M

., Naess, P.A., Hansen, T.B., Gaarder, C., Lereim
, I., Stray-Pedersen, A., 2014. A prospective study of children aged <16 years in m

otor vehicle 
collisions in N

orw
ay: severe injuries are observed predom

inantly in older children and are associated w
ith restraint m

isuse. Accid Anal Prev. 73, 151-162. 

Sm
ith, G., Pell, J., 2003. Parachute use to prevent death and m

ajor traum
a related to gravitational challenge: system

atic review
 of random

ised controlled trials. 
British M

edical Journal. 327, 20–27  

Sm
ith, K., Cum

m
ings, P., 2006. Passenger seating position and the risk of passenger death in traffic crashes: a m

atched cohort study. Injury Prevention. 12, 83-86. 

Snyder, R., Spencer, M
., O

w
ings, C., Schneider, L., 1975. Physical characteristics of children as related to death and injury for consum

er products design and use. Ann 
Arbor, M

I, Highw
ay Safety Research Institute, Ann Arbor, pp. 1-54. 

Snyder, R., Schneider, L., O
w

ings, C., Golom
b, D., Schork, M

., 1977. Antropom
etry of infants, children and youths to age 18 for product safety design. Highw

ay Safety 
Research Institute Technical Report, Ann Arbor, M

I. 

Standards Australia and Standards N
ew

 Zealand, 2010 Child restraint system
s for use in m

otor vehicles AS/N
ZS1754. Sydney. 

Standards Australia and Standards N
ew

 Zealand, 2013. Child restraint system
s for use in m

otor vehicles AS/N
ZS1754. Sydney. 

Stew
art, C.L., M

oscariello, M
.A., Hansen, K.W

., M
oulton, S.L., 2014. Infant car safety seats and risk of head injury. J Pediatr Surg. 49, 193-196; discussion 196-197. 

Stew
art, T., M

cClafferty, K., Shkrum
, M

., Com
eau, J., Gilliland, J., Fraser, D., 2013. A com

parison of injuries, crashes, and outcom
es for pediatric rear occupants in 

traffic m
otor vehicle collisions. J Traum

a Acute Care Surg. 74, 628-633. 

Stockm
an, I., Bohm

an, K., Jakobsson, L., 2013a. Kinem
atics and shoulder belt position of child anthropom

orphic test devices during steering m
aneuvers. Traffic Inj 

Prev. 14, 797-806. 



 Technical Report 
 

 
 

 
 

 
 Page | 127  

Stockm
an, I., Bohm

an, K., Jakobsson, L., Brolin, K., 2013b. Kinem
atics of child volunteers and child anthropom

orphic test devices during em
ergency braking events 

in real car environm
ent. Traffic Inj Prev. 14, 92-102. 

Stockm
an, I., Bohm

an, K., Jakobsson, L., 2017. Seat belt pre-pretensioner effect on child-sized dum
m

ies during run-off-road events. Traffic Inj Prev. 18, S96-s102. 

Streff, F.M
., W

agenaar, A., 1989. Are there really shortcuts? estim
ating seat belt use w

ith self-report m
easures. Accident Analysis &

 Prevention. 21, 509-516. 

Sun, H., Seok, J., Lee, S., Yoon, I., Yim
, J., Lee, M

., 2016. A Study of Restraint System
 O

ptim
isation for Child Dum

m
y Injuries in O

ffset Frontal Crash Test. International 
Research Council on Biom

echanics of Injury Conference, M
alaga, Spain, pp. 1-3. 

Suratno, B., Aquilina, P., W
ainohu, D., Brow

n, J., Bilston, L., 2009a. Best Practice Guidelines for the Usage of Child Safety Harnesses. Australasian Road Safety 
Research, Policing and Education Conference. 10 -13 N

ovem
ber, 321-330. 

Suratno, B., Aquilina, P., W
ainohu, D., Dal N

evo, R., M
cIntosh, M

., 2009b. Are airbags and child restraints lethal com
binations? , Australasian Road Safety Research, 

Policing and Education Conference, Sydney. 

Tai, A., Bilston, L., Brow
n, J., 2011. The cum

ulative effect of m
ultiple form

s of m
inor incorrect use in forw

ard facing child restraints on head injury risk Enhanced 
Safety of Vehicles Conference, W

ashington DC. 

Tessier, K., 2010. Effectiveness of hands-on education for correct child restraint use by parents. Accident Analysis &
 Prevention. 42, 1041-1047. 

Turbell, T., 1983. Child restraints: Som
e aspects of the degradation of polym

er m
aterials. M

onograph. Transport Research Board, Linkoeping, Sw
eden, p. 23. 

Tylko, S., Dalm
otas, D., 2000. Assessm

ent of Injury Risk to Children from
 Side Airbags. 44th Stapp Car Crash Conference SAE International, Atlanta, GA, U

SA. 

Tylko, S., 2011. Interactions of Rear Facing Child Restraints w
ith the Vehicle Interior During Frontal Crash Tests. 22nd Enhanced Vehicle Safety Conference, 

W
ashington, DC. 

Tylko, S., Bohm
an, K., Bussieres, A., 2015. Responses of the Q

6/Q
6s ATD Positioned in Booster Seats in the Far-Side Seat Location of Side Im

pact Passenger Car and 
Sled Tests. Stapp Car Crash J. 59, 313-335. 

Tyroch, A.H., Kaups, K.L., Sue, L.P., O
'Donnell-N

icol, S., 2000. Pediatric restraint use in m
otor vehicle collisions: reduction of deaths w

ithout contribution to injury. 
Archives of Surgery. 135, 1173-1176. 

Valent, F., M
cGw

in, G., Jr., Hardin, W
., Johnston, C., Rue, L.W

., 3rd, 2002. Restraint use and injury patterns am
ong children involved in m

otor vehicle collisions. 
Journal of Traum

a-Injury Infection &
 Critical Care. 52, 745-751. 

Viano, D.C., Parenteau, C.S., 2008. Fatalities of Children 0-7 Years O
ld in the Second Row

. Traffic Injury Prevention. 9, 231 - 237. 



 Technical Report 
 

 
 

 
 

 
 Page | 128  

W
eber, K., Dalm

otas, D., Hendrick, B., 1993. Investigation of dum
m

y response and restraint configuration factors associated w
ith upper spinal cord injury in a 

forw
ard-facing child restraint. 37th Stapp Car Crash Conference, pp. 185-194  

W
inston, F.K., Durbin, D.R., Kallan, M

.J., M
oll, E.K., 2000. The danger of prem

ature graduation to seat belts for young children. Pediatrics. 105, 1179-1183. 

W
olf, L.L., Chow

dhury, R., Tw
eed, J., Vinson, L., Losina, E., Haider, A.H., Q

ureshi, F.G., 2017. Factors Associated w
ith Pediatric M

ortality from
 M

otor Vehicle Crashes 
in the U

nited States: A State-Based Analysis. J Pediatr. 187, 295-302.e293. 

Zaloshnja, E., M
iller, T.R., Hendrie, D., 2007. Effectiveness of Child Safety Seats vs Safety Belts for Children Aged 2 to 3 Years. Archives of Pediatrics &

 Adolescent 
M

edicine. 161, 65-68. 
  


