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EXECUTIVE SUMMARY 

This report provides comments on a report by Wordley and Field (2012) entitled “Quad Bike 
Safety Devices: A Snapshot Review”. The Wordley and Field (2012) report is a literature review 
and commentary on the topic of research into crush protection devices (CPDs) and rollover 
protection systems (ROPS) that have been proposed to be fitted to All Terrain Vehicles (ATVs). 

 
In this report, the term “All Terrain Vehicle” refers to a “A motorized off-highway vehicle 

designed to travel on four low pressure tires, having a seat designed to be straddled by the 
operator and handlebars for steering control” as defined in ANSI-SVIA 1-2007, which in April 
2009 became a mandatory safety standard in the United States, which accounts for more than 
90% of ATV production and sales worldwide. In this report, the term “quad bike” (or “quad”) is 
a slang, non-legally precise term used in some regions, which may include ATVs, but which has 
also been used to refer to other, diverse, four wheeled vehicles that do not comply with 
ANSI/SVIA-1-2010. The term "CPD" refers to devices like the Quadbar which have a structure 
intended to provide overturn protection and no restraint belts. The term "ROPS" refers to 
systems which have a structure intended to provide overturn protection and one or more 
restraints (e.g., belts). The term "overturn" is considered to include rollovers, pitchovers and 
combined axis overturns of a vehicle. The term "misuse" refers to using a product in a way that is 
contrary to the warning labels that are required on ANSI/SVIA 1-2010-compliant ATVs, for 
example, not wearing a helmet, use of adult-sized ATVs by children, etc.  

 
DRI’s comments on the Wordley and Field (2012) report are somewhat detailed, as the 

Wordley and Field (2012) report itself is relatively detailed. 
 

Overall, some of the Wordley and Field (2012) report contains factual information, 
accurately summarized. Unfortunately, much of the remainder of the Wordley and Field (2012) 
report consists of interpretations and characterizations of reports, which are to some degree 
inaccurate, incomplete, now out of date, based on false premises, without clear basis, not 
relevant and/or unclear. In part this is because the Wordley and Field (2012) report did not take 
into account the extensive documentation provided in the context of the Victorian Coronial 
inquests into deaths associated with ATVs, and other past research on ROPS/CPDs. In addition, 
many of the comments in the Wordley and Field (2012) report are now out of date and therefore 
inaccurate in light of further, contemporaneous DRI research (i.e., Zellner, et al. (2012b)) and 
DRI’s report replying to  comments (i.e., Zellner, et al. (2012a)), both published in August 2012. 

 
In addition, the Wordley and Field (2012) report is stated to have “been overseen by a 

committee comprising… [amongst others] Yossi Berger (AWU), and Tony Lower 
(University of Sydney)” (p6, paragraph 4)). It is noted that Dr. Berger’s organization and Dr. 
Lower were both outspoken advocates of fitting CPDs to ATVs prior to publication of this 
Wordley and Field (2012) report. The report does not describe what steps were taken to ensure 
that this prior advocacy did not influence  the numerous opinions in support of the Quadbar 
expressed in the report. 

 
Examples of inaccuracies in the Wordley and Field (2012) report include: 
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− The fact that the “MATD” used by DRI is not a “simulation program” as stated by 
Wordley and Field (2012) (p2, bullet 2), but rather it is an internationally standardized 
crash dummy (i.e., standardized by the International Standardization Organization). This 
statement suggests that the authors are not well versed in either “crash simulation 
programs” or “crash dummies”; 

 
− The fact that many of the claimed “large number of shortcomings” (p2, bullet2) in the 

simulation models used by DRI were the result of misunderstandings by, or lack of 
thoroughness on the part of, Lambert, as extensively explained in Zellner, et al. (2012a). 
As described in the latter report, most of the very extensive DRI documentation was 
apparently never reviewed by Lambert; 

 
− The fact that that the ATV (and dummy) motions simulated by DRI correlated very 

strongly and objectively with those measured in the 12 DRI overturn tests, whereas 
Wordley and Field (2012) state inaccurately and without basis that the “roll dynamics 
[of the simulations]…are potentially inaccurate” (p2, bullet 5); 

 
− The fact that Piziali, et al. (1993) of Failure Analysis Associates (FAA) in fact tested the 

Dahl ROPS assuming the operator “properly fastens the restraints” (Piziali, page 1, bullet 
3), whereas Wordley and Field (2012) state inaccurately that “no seat belt or restraint 
system was used” (p15, paragraph 1); 

 
− The fact that the Piziali, et al. (1993) test speeds were not (either mostly or particularly) 

“high speed” (i.e., they included rearward pitchovers at 13 -14 km/h (8 – 9 mi/h) and 
lateral rollovers at 18 – 24 km/h (11 – 15 mi/h), whereas Wordley and Field (2012) state 
inaccurately that “These [Piziali] tests employed relatively high speeds which resulted 
in a high level of predicted injuries” (p15, paragraph 3); 

 
− The fact that the Munoz, et al. (2007) DRI report found that, for helmeted riders, the 

injury risks of fitting the Quadbar (i.e., the new injuries created by it) were 99% of the 
injury benefits of fitting the Quadbar (i.e.,. the injuries reduced by it). This is 
categorically not the same as a “1% improvement in risk benefit ratio due to addition 
of the Quad Bar”, as inaccurately stated by Wordley and Field (2012) (p21, paragraph 
1); 

 
− The fact that International Standard ISO 5700-2006 states that it “is applicable to 

tractors having…an unballasted tractor mass of not less than 800 kg” [italics added], 
whereas Wordley and Field (2012) state inaccurately that “ISO 5700-2006 …is a 
standard generally used for small tractors (weighing less than 600 kg…” (p24, R11, 
paragraph 1); 

 
− The fact that the “injury risks” from fitting the Quadbar denote the newly created 

additional injuries (including those caused by contact with the ROPS/CPDs) that did not 
occur in the corresponding overturns with the baseline ATV (without the ROPS/CPD), 
whereas Wordley and Field (2012) state quite inaccurately and misleadingly that “the 
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bare Quad bike was equally capable of inflicting the same injuries [as the Quadbar] 
in the simulations” (p32, bullet 2); 

 
− The fact that the Quadbar can indeed be rejected on the same basis as some of the other 

ROPS/CPDs evaluated, i.e., as the Quadbar was found in Munoz, et al. (2007) and more 
recently in Zellner, et al. (2012b) to cause as many, or more, new injuries as it prevented, 
which is a reasonable basis on which to reject a device, whereas Wordley and Field 
(2012) state inaccurately that “the Quad Bar is clearly very different to earlier and 
more substantial ROPS designs and should not be rejected on the same basis” (italics 
added) (p32, paragraph 1); 

 
− The fact that the experimental correlations of the simulation for each of the 12 DRI full-

scale overturn tests were done for a time interval that was as long as the ATV and rider 
were visible in each high speed camera view, which were between 2 quarter rolls (one 
half roll) and 4 quarter rolls (i.e., one full roll), for each test and each camera view. This 
is well into the overturn sequence and ground contacts, and the results indicated close 
agreement and correlation of the ATV and dummy motions when comparing the 
simulations to the tests, whereas Wordley and Field (2012) state inaccurately that “The 
experimental correlation tests conducted by DRI only compare the motions of Quad 
bike and rider in the initial stages of the accident. These tests were found to be 
completely insufficient in proving any correlation with the motion of the bike and 
rider after it makes contact with the ground” (p34, paragraph 8.3.3); 

 
− The fact that the University of Southern Queensland (USQ) tests, also referred to as 

Snook (2009), are not reliable, and are based on subjective, speculative and faulty 
assumptions including: 

− that during an overturn, an imaginary unrestrained rider would somehow stay 
within the protected space without being contacted by the ATV or CPD; 

− that the presence of a rider would not affect the dynamic motions of the ATV;  
− that “arresting the roll” without restraining the rider is beneficial, when in fact it 

can reduce the separation distance between rider and ATV, increasing the 
likelihood of contact between the ATV/CPD and the rider;  

− that the “pole vaulting” motion of the ATV induced by the Quadbar, as observed 
in the Snook (2009) tests, would not enable the ATV to land on a rider with 
greater speed and force; and  

− that the Quadbar forcing the ATV to come to rest on its side is less injurious, 
when there is information indicating that fatalities and serious injuries can occur 
when an ATV comes to rest on its side.  

The USQ tests are also unreliable because they involved no injury-monitoring crash dummies 
and an artificial accelerator ramp (whereas real ATVs cannot accelerate (or slide) sideways 
in a linear manner). Therefore, the Snook (2009) tests are not reliable, not accurate, based on 
false premises, and somewhat misleading, whereas Wordley and Field (2012) nevertheless 
states, without basis, that:  
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− “The reviewers consider these [Snook (2009)] results to be the most reliable 
indication (to date) of the potential effectiveness of the Quad Bar and other 
similar CPDs in preventing rider injuries and fatalities due to low speed roll 
over incidents” (p34, paragraph 8.4);  

− “These [USQ] results indicate the potential effectiveness of the Quad Bar and 
other similar CPDs in preventing rider injuries and fatalities due to low 
speed roll over incidents” (p2, bullet 8), when injuries and fatalities were never 
evaluated by Snook (2009); and 

− “Limited experimental … results [i.e., of Snook (2009)] indicate that the 
Quad Bar crush protection device demonstrates potential to reduce rider 
harm in such events” (p3, paragraph 1). 

 
In addition, some of the Wordley and Field (2012) statements are somewhat misleading, 

based on false premises or can be seen to have no basis at all. For example: 
 
− The fact that “arresting the roll”, without restraining the rider, can have adverse effects, 

in that the separation distance between rider and ATV tends to be reduced (because 
typically, the ATV tends to “roll” farther than the dummy), and this increases the 
likelihood of contact between the ATV/CPD and the rider, whereas Wordley and Field 
(2012) state misleadingly that “Experimental tests conducted by the University of 
Southern Queensland indicate that the Quad Bar CPD is successful in arresting and 
preventing the roll of a bare Quad bike (no dummy) for both side roll and back flip 
scenarios”. (p34, paragraph 8.4); 
 

− The fact that it is unknown which of the nine types of forensic asphyxia as discussed in 
Sauvageau, et al. (2010) occurred in any of the “asphyxiation or respiratory difficulty 
(n=14)” cases described by Lower (2010) reported in Wordley and Field (2012) (p11), 
nor is it known how many of these cases, if any, were associated with being pinned 
beneath an ATV (on its side, its top, its bottom, its wheels, its front, its rear, etc.). The 
non-specificity of the cited cases may imply that these deaths were all somehow related 
to being pinned beneath an ATV. If so, this is potentially misleading. For example, off-
road two wheeler fatalities can occasionally involve “aspirated object” asphyxia (wherein 
mud or other debris is aspirated during a face-down landing, most often without any 
pinning by the vehicle); or “positional asphyxia” (e.g., hyper-flexion of the neck closing 
the trachea) may occur when a rider comes to rest, unconscious, against a tree, rock, bush 
or other environmental object, again, most often without being pinned by the vehicle; or 
drowning (e.g., if knocked unconscious). It is also unknown to what extent vehicle 
modifications and accessories may have influenced any pinning beneath an ATV, and 
whether this was a factor in any of the Lower, et al (2010) cases. Further, detailed, in-
depth, case-by-case analysis would be needed to understand the frequency of potential 
mechanical/traumatic (compressive) asphyxia that might result from a vehicle, or a 
ROPS/CPD, coming to rest on a rider’s thorax. 
 

− The fact that DRI’s finding of a statistically insignificant difference between Quadbar 
injury risks and injury benefits is the result of a standard statistical test, in order to extend 
the sample results to the population of all overturns, whereas Wordley and Field (2012) 
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state, somewhat misleadingly, that “DRI dismisses these results as statistically 
insignificant on the basis that their calculated 95% confidence interval for these 
results encompasses the baseline ratio (100%)” (p21, paragraph 1). “Dismissing” has 
nothing to do with the application of this standard statistical test.  
 

− The fact that Grzebieta and Achilles (2007) examined only nine simulated overturn 
scenarios, which is far too few to have any statistical significance, and in respect of at 
least one of those nine scenarios, the report states (p43) that “the Quadbar actually 
lands on the rider’s right rib cage during the rollover” and that “[the Quadbar] 
appears to be an increased risk in frontal rollovers as the Quad-bar may come into 
contact with the rider when the full weight of the ATV is behind it”, whereas 
Wordley and Field (2012), summarize somewhat misleadingly, that “The addition of the 
Quad Bar was found to reduce injuries resulting from most rear roll over scenarios 
and some low speed, low slope scenarios” (p21, paragraph 3)” without mentioning in 
their summary the adverse effects of the Quadbar that were reported by Grzebieta and 
Achilles (2007); 
 

− The fact that the Quadbar has been found in the most recent Zellner, et al. (2012b) DRI 
research: a) to increase the likelihood of the ATV coming to rest on its side, which can be 
injurious or fatal; and b) to reduce the ATV-rider separation distance, which increases the 
likelihood of ATV contacts and injuries, whereas Wordley and Field (2012) accept the 
central, but erroneous assumption of Snook (2009) that “Preventing vehicle [180 
degree] roll was assumed to reduce likelihood of rider crushing and entrapment 
under the vehicle” (p25, paragraph 1);   
 

− The fact that by tending to force the ATV to come to rest on its side rather than its top 
(after 180 degrees roll), the Quadbar does not reduce the likelihood of injury or 
asphyxiation, as serious injuries and asphyxiation have been reported to occur when the 
ATV comes to rest on its side, whereas Wordley and Field (2012) state misleadingly that 
“At low speeds on horizontal ground, there was a strong tendency for Quad bikes 
[without Quadbars] to roll over sideways to an upside down position, potentially 
resulting in entrapment or asphyxiation of the rider” (p26, bullet 1); 
 

− The fact that the use of the phrase “rested in a position that was considered more 
detrimental” (italics added) indicates the subjective and speculative method of 
evaluation used by Snook (2009). Wordley and Field (2012) state, somewhat 
misleadingly, that “There were no conditions where the bike with the Quadbar fitted 
rested in a position that was considered more detrimental to rider safety than the 
bike without protection” (italics added) (p26, bullet 8). In addition, this statement 
elucidates how, in several dozen tests done without using any crash dummies, and using a 
purely subjective and speculative evaluation method, Snook (2009) concluded that, based 
on the faulty assumptions discussed above and without any injury measurements, no 
Quadbar injury risk would have occurred. This was a totally baseless and faulty 
conclusion. 
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− The fact that standards such as “the existing New Zealand guidelines” or “those for a 
Tractor ROPS” only address the structural strength of a roll bar, and are not directly 
related to injury outcomes, so there is no proper basis for Wordley and Field (2012)  to 
recommend that “A preliminary standard be proposed for the design and 
specification of Quad bike CPDs, perhaps based upon the existing New Zealand 
guidelines, or those for Tractor ROPS” (p35, paragraph 2, Item 3). The New Zealand 
guideline and tractor ROPS standards are not related to injury outcomes, measured by 
means of appropriate injury-monitoring crash dummy tests. These structural guidelines 
and standards may assume that either: a) an unrestrained rider is somehow able to stay 
within the protective space provided by a device whilst being acted upon by lateral and 
other forces during an overturn (an assumption for which the basis is unknown); or b) 
that a restraint system is present and used. Neither of these situations applies to CPDs 
which have no restraints such as the Quadbar.  There is abundant full-scale test data and 
computer simulation data indicating that unrestrained crash dummies, or portions of 
them, usually leave the “protective space” of a ROPS/CPD in an ATV overturn (as is 
most often the case with the Quadbar), more or less regardless of initial speed; and in 
doing so, can often be impacted by a roll bar-type device; or by the roll bar fitted vehicle 
itself, the trajectory of which has been substantially changed by the roll bar, in ways 
which demonstrably do not occur without the roll bar. This results in new injuries that 
are created, that did not previously occur without the roll bar. 
 

− The following Wordley and Field (2012) statement has no proper basis: “The FCAI’s 
strong opposition to the fitment of CPDs in general and the Quad Bar in particular was 
found to be based on the research produced by Failure Analysis Associates and DRI. 
Their reasons for rejecting such devices cannot be supported given the major problems 
with the research methodologies identified by this review.” (p3, bullet 1), as the current 
report has found that virtually all of the supposed “major problems identified by this 
review” were themselves inaccurate, based on false premises, incomplete, somewhat 
misleading, not relevant and/or unclear, or otherwise are now out of date in view of the 
latest DRI research which was not considered in the Wordley and Field (2012) review. 

 
In addition, much of the Wordley and Field (2012) literature review and summaries are 

incomplete and/or now out of date. For example: 
 
− Wordley and Field (2012) chose to ignore the generally neutral if not supportive 

conclusions of Stevenson (1998) (who was on the staff of ACAHS and a Fellow of the 
Institute of Engineers Australia) which Stevenson states to be in “[answer] to 
[q]uestions in John Temperley's Letter of 20 October 1998”: 

 
“1. Comment on the competence of Dynamic Research Inc. to conduct the research. 
The two reports of Van Auken and Zellner demonstrate a high level of technical 
competence. The company has been active in the area since 1986 at least, Weir and 
Zellner (1986) being affiliated with Dynamic Research Inc. when they wrote their 
SAE Technical Paper. 
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2. Was their selected method of evaluation appropriate? The authors have made good 
use of the evaluation methods available. 
 
3. Were the objectives of the research clearly defined? The objectives are adequately 
defined. 
 
4. Are the results valid? The results are valid if all assumptions are true and the 
approximations close to reality. The authors make their assumptions and 
approximations clear enough. In any computer modelling, particularly of complex 
systems, the assumptions and approximations may result in unrealistic outcomes. It 
is therefore highly desirable to validate the model by selected experiments. In this 
case, experiments would have to be crash tests with a dummy rider [which DRI did 
as reported in Van Auken, et al. (1998)]. The scenario assumptions may also have 
affected the validity of the results. 

5. Are the recommendations / interpretation of the data valid? The interpretation of 
the results, and the recommendations, are argued reasonably, but alternative 
interpretations are possible, and the acceptance of the result must take cognizance 
of the approximations and assumptions.” (Stevenson (1998), Section 3, p6) 

 
− Several key references which were available at the time of the writing of the Wordley and 

Field (2012) report) are not included, as follows: Piziali (1994), Tyler-Street (1999), and 
Zellner, et al. (2011) 
 

− In addition, two key references, Zellner, et al (2012a) and Zellner, et al (2012b), have 
been published since Wordley and Field (2012) and obviously were not considered in that 
report. But as discussed in detail in the current report, the scope and content of Zellner, et 
al (2012a) and Zellner, et al (2012b)  are such as to invalidate most of the conclusions of 
the Wordley and Field (2012) report.  In particular, Zellner, et al. (2012a) contains replies 
to comments by Lower (2011) and addresses virtually all of the criticisms of the DRI 
work described in the Wordley and Field (2012) report. In addition, Zellner, et al. 
(2012b) presents an updated evaluation of the Quadbar CPD, based on extensive 
modelling refinements that took into account all known comments on the previously used 
methodologies. The results -- based on the only computer simulations in this field that 
have been calibrated by means of full-scale ATV overturn tests using an appropriate 
injury-monitoring crash dummy -- indicate that, in the simulation sample of 770 types of 
overturn, the injury risks of the Quadbar exceed the injury benefits of the Quadbar. In 
addition, in the same sample it was found that the fatality risks of the Quadbar exceed the 
fatality benefits of the Quadbar. 
 

− The Wordley and Field (2012) statement that “The ACAHS’s support for the use of 
appropriately designed CPDs such as the Quad Bar was considered reasonable and 
justified, in light of the doubts surrounding the American research and the 
favourable results of the USQ’s experimental tests and the recent Monash 
University simulations” (p35, bullet 3) is baseless and now out of date because:  
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a) the more recent DRI reports in Zellner, et al (2012a) and Zellner, et al. (2012b) 
address all of the supposed “doubts surrounding the American research”;  

 
b) the University of Southern Queensland (Snook (2009)) experimental tests are 

defective because they did not use any injury-monitoring crash dummy, and 
instead were based on subjective speculation and faulty assumptions about 
whether a rider might or might not be able to remain in the “protective space” of 
the Quadbar whilst being acted upon by the lateral and other forces in an overturn, 
as well as other issues discussed above, and  

 
c) the “recent” Monash University (Grzebieta and Achilles (2007)) simulations are 

defective because  
• They wrongly  used the a car frontal crash dummy and dummy frontal injury 

criteria to evaluate lateral and rearward overturns, which has been 
inappropriate since  1996 when a standardized, multi-directional dummy 
suitable for straddle-seat-handlebar-steered-helmet-required vehicles became 
available;  

• they attempted to model specific cases when there was insufficient 
information to do so;   

• they unrealistically modelled the real accidents (e.g., using a 0.5 m kerb 
height); and found that the Quadbar was dangerous in frontal overturns. 

 
− The following Wordley and Field (2012) statement is now out of date: “Most 

importantly, none of the models were able to predict asphyxiation fatalities which 
accounted for 40% of Australian Quad bike roll over deaths” (p2, bullet 2), as the 
latest DRI report (Zellner, et al. (2012b)) has proposed and applied a preliminary 
traumatic (compressive) asphyxiation/breathing difficulty criterion. In addition, the 
statement “…asphyxiation fatalities which accounted for 40% of Australian Quad 
bike roll over deaths” is of doubtful accuracy. Lower, et al (2010) reports that n=14 
(25%) of 56 quad bike rollover fatalities were “asphyxiations”, but it is unknown: i) how 
many of these were traumatic (compressive) asphyxiations relevant to ROPS/CPDs (as 
opposed to one of the other 8 types of asphyxia that can occur in forensic contexts that 
are also relevant to off-road and ATV accidents (Sauvageau (2005)); ii) in how many of 
these cases the ATV came to rest on the chest of the rider (as opposed to traumatic 
(compressive) asphyxiations that may occur from other causes); iii) how many of the 
involved vehicles were ANSI/SVIA-1 “ATVs”, as opposed to other types of four 
wheeled, off-road, so-called “quad” vehicles; or iv) how many of the ATV fatalities 
involved accessories, cargo or ATV modification. US/CPSC fatality data, some cases 
among which recorded cause of death at a more detailed level, indicate that 
mechanical/traumatic (compressive) asphyxia in combination with pinning beneath the 
ATV was recorded at a rate of approximately 1.2% among 2,977 US ATV fatalities that 
occurred during 2005 through 2009. Australian data at a more detailed level are needed in 
order to understand the percentage (as well as other pertinent details) of cases that 
resulted in traumatic (compressive) asphyxia associated with pinning beneath (the top, 
sides, rear or front of) an ATV rather than some other type of four-wheeled “quad” 
vehicle. 
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− The following Wordley and Field (2012) statement, taken from the detailed portion of 

their report, is a significant omission from their summaries and recommendations: “They 
[i.e., Grzebieta and Achilles (2007)] also identified some potential for increased risk in 
frontal roll overs, as the Quad Bar may come into contact with the rider with the 
weight of the Quad bike behind it.” (p22, top of page) This potentially important finding 
of Grzebieta, et al. (2007), which indicates that the Quadbar appears to violate the “First 
do no harm” principle of safety interventions, inexplicably does not appear in the 
Wordley and Field (2012) “Executive Summary”, “Summary Overview” or 
“Recommendations.” 

 
− The following Wordley and Field (2012) statement is now out of date: “Due to the 

tendency of the bike to keep bouncing down the steep and lengthy slopes simulated, the 
bike almost never comes to rest upon the rider, which is a common occurrence and 
cause of death in local fatality reports.” (p34, paragraph 8.3.2)  In the latest DRI 
simulations a “low energy” method is used to define the 110 general types of overturns, 
which results in lower speeds, and shallower and shorter slopes. In addition, in no case in 
the latest simulations do the ATV and dummy descend more than 3 m from their initial 
positions.  In addition, the statement that this is a “common occurrence and cause of 
death in local fatality reports” is of unknown source and validity, as is the definition of 
“common”.  

 
In addition, as outlined in this report, some of the Wordley and Field (2012) statements are 

not relevant, or are unclear in their meaning or reference.  
 
In view of the nature and extent of the issues adversely affecting the bases, the accuracy and 

the currency of the Wordley and Field (2012) literature review, summaries and 
recommendations, it is concluded that the Wordley and Field (2012) report cannot be relied 
upon. 
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SECTION I 
 

INTRODUCTION 
 

This report provides comments on a report by Wordley and Field (2012) entitled “Quad Bike 
Safety Devices: A Snapshot Review”. The Wordley and Field (2012) report is a literature review 
and commentary on the topic of crush protection devices (CPDs) and rollover protection devices 
(ROPS) that have been proposed to be fitted to All Terrain Vehicles (ATVs). 

 
This report proceeds by presenting the respective quotation from the Wordley and Field 

(2012) text in bold italics, including page and paragraph, which is followed by a comment by the 
authors of the current report. For clarification purposes, insertions to quotations are included in 
square brackets [  ] as to source, topic and so forth. Note that the quotations are organized 
according to the section and subsection in which they appear in the Wordley and Field (2012) 
report.  

 
Note that the Wordley and Field report (2012) is highly repetitious, often involving repetition 

of the same or similar discussions in several different sections, and restatements in the overviews 
and summaries. Therefore, in order to minimize repetition of comments, and for the sake of 
completeness, for a given quotation, each comment is intended either to be self-contained, or to 
be in summary form, cross-referencing other closely related comments in the current report. The 
comments are followed by the summary and conclusions of the current report in Section XI, and 
a list of cited references. 

 
The comments in the current report include comments on the information provided in 

Wordley and Field (2012) report, as well as, in some cases, information contained in the original 
references reviewed in the Wordley and Field (2012) report. 

 
The authors of this report have conducted extensive original research on the subject of ATV 

ROPS/CPDs beginning in 1996, and their work is discussed at various places in Wordley and 
Field (2012). The authors have extensive experience in operating and testing four wheeled ATVs 
since their invention in 1982, and modelling four wheeled ATVs since 1988. They have been 
extensively involved in vehicle crash protection and crash avoidance studies involving dozens of 
vehicles categories and in hundreds of projects for the US Government as well as for vehicle 
manufacturers worldwide. These have included investigations of, amongst other things, 
evaluation of roll over protection systems for a wide variety of vehicles; and investigating roll 
bar decapitations involving overturns of off-road open vehicles (e.g., dune buggy, jeep) where 
the involved drivers did not use the provided restraint belts.  
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SECTION II 
 

COMMENTS ON COVER PAGE AND “EXECUTIVE SUMMARY” 
 

A. COMMENTS ON COVER PAGE 
 
1. "Evidence Reviews produced by ISCRR may not involve exhaustive analyses of all existing 

evidence…” 
"Information contained in ISCRR Evidence Reviews is current at time of production but may 

not be current at time of publication.” (p 1, “Please Note”) 
 
 This is accurate, as the Wordley and Field (2012) report did not include some of the key prior 
reports on this topic; and was not able to include two recent key reports, which makes much or 
most of the information in Wordley and Field (2012) now out of date (see Section VI R7, 
Comment 3 and Section VII R14 and R15). In particular, Zellner, et al. (2012a) contains replies 
to comments by Lower (2011a) and addresses virtually all of the criticisms of the DRI work in 
the Wordley and Field (2012) report. In addition, Zellner, et al. (2012b) presents an updated 
evaluation of the Quadbar CPD, based on extensive modelling refinements that took into account 
all known comments on the previously used methodologies. The results -- based on the only 
computer simulations in this field that have been calibrated by means of full-scale ATV overturn 
tests using an appropriate injury-monitoring crash dummy -- indicate that, in the simulation 
sample of 770 types of overturn, the injury risks of the Quadbar exceed the injury benefits of the 
Quadbar. In addition, it was found that the fatality risks of the Quadbar exceed the fatality 
benefits of the Quadbar. 
 
2. "Evidence Reviews produced by ISCRR…do not provide definitive answers to the research 

questions they address” (p 1, “Please Note”) 
 
 This is the stated general policy of ISCRR regarding reports. However, Wordley and Field 
(2012) appear to have exceeded this policy, by recommending that:  
 

“In the meantime, regulatory bodies should consider the use of the Quad Bar CPD (or 
an equivalent device) for riders who use Quad bikes at low speeds in the workplace or 
for recreational use. This device appears to provide potential to reduce injuries and 
fatalities, particularly those arising from low speed lateral roll and back flip events.” 
(p36, item 7) 

 
This recommendation seems to be overly “definitive” (having regard to the stated ISCRR policy) 
and also potentially injurious to ATV users, given that there are major problems with the 
methodologies of Snook (2009) (who used no injury-monitoring crash dummy; see Section VI, 
R12) and Grzebieta, et al. (2007) (who used an inappropriate crash dummy and an extremely 
small sample of cases; see Section VI, Sub-section R8), on which it is based. In addition, the 
most recent results reported in Zellner, et al. (2012b) which took into account all known valid 
comments regarding the previously used methodologies, indicate that the injury risks of the 
Quadbar exceed the injury benefits of the Quadbar; and that the fatality risks of the Quadbar 
exceed the fatality benefits of the Quadbar. In addition, the Zellner, et al. (2012b) results also 
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indicate that some of the Quadbar injury and fatality risks (i.e., unintended consequences) are 
associated with “low speed lateral roll and back flip events.” 
 
B. COMMENTS ON “EXECUTIVE SUMMARY” 
 
1. “Quad bikes were the leading cause of death on Australian farms in 2011.” (p2, bullet 1) 
 
 Within the Wordley and Field (2012) report, this statement appears to be based on a 
“Croakey” internet blog article by Tony Lower (2011c) (i.e., Ref R23 in Wordley and Field 
(2012)) which does not contain any supporting data. It might be accurate, but it appears to be in 
conflict with a recent presentation by Lower, et al. (2011a) that stated that: 
 

“Data lags and we [The National Farm Injury Data Centre] do not present 
information until 90% of all cases are “closed” by the coroner.” 

 
 If this is the case, then it seems that it is not possible for 90% of the 2011 cases to have been 
“closed” by the blog posting date of 14 September 2011 as, in the past, reaching this point had 
taken several (e.g., 5) years. This is an important fact, as it requires some time for cases to be 
correctly entered and categorized in the National Coroners Information System (NCIS) database, 
on which the National Farm Injury Data Centre statistics are based. For example, it is now 
known that at least n=12 “quadbike” cases included in the NCIS database of n=106 “quadbike” 
fatal cases as of 2009 were either “not ATV accidents” or did not involve “ATVs.”1 It is 
unknown whether these cases have yet been properly removed from the “quadbike” category 
within the NCIS database.  
 
 In addition, Lower et al. (2011a) reports that: 
 

“Of the 326 [Australian farm] deaths in the 2003-2006 period [apparently the latest 
period that had reached the 90% “closed” criterion], six leading agents were 
responsible for 55% (n=181) of all cases: 

 
1. Tractors (runovers & rollovers) - 17%  
2. Dams/water bodies (drowning) - 12%  
3. Quad bikes (rollovers & collisions) - 9%  
4. Farm utilities ( unrestrained driver/passenger, riding in tray) - 8%  
5. Motorcycles - 5%  
6. Horses - 4%" 

 

                                                            
1  For example, a detailed review of the n=106 “quadbike” fatal case descriptions in “NCIS Database Search, 
Australian All Terrain Vehjcle / Quad bike Deaths, 1 July 2000 – 31 July 2009”, compiled by National Coroners 
Information System, August 2009, indicates that: n=5 cases were not ATVs (i.e., they were a 5 wheeled vehicle and 
two 6 wheeled vehicles, a two wheeled vehicle, and a 4 wheeled side-by-side vehicle), n=3 cases which were ATVs 
but were not “ATV accidents” (i.e., 3 persons fell down a waterfall and were killed while retrieving an ATV), n=39 
were not positively identified by make and model as being ATVs (as opposed to some other category of 4 wheeled 
vehicle), n=4 were not positively verified as ATVs and were not “ATV accidents” (i.e., gunshot wound, medical 
seizure, killed by bull, hit an emu while chasing it) and n=55 cases were ATVs and involved ATV accidents (n=10 
of which were on public roads and/or involved impact by another vehicle). 
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 If accurate, this recent publication by Lower would indicate that Quad bikes were not the 
leading cause of death on Australian farms during that period, but were third after tractors (many 
of which have ROPS) and dams/water bodies (drowning), and that there were nearly as many 
deaths involving “farm utility vehicles.” 
 
 In addition, as noted above, it is unknown whether the above 2003 to 2006 statistics have 
been corrected to remove “not ATV accidents” or cases that in fact did not involve “ATVs.”  

 
2. “Various simulation programs (including MADYMO, ATB and MATD) were adapted and 

used… ”(p2, bullet 2) 
 
 This statement is not accurate, as “MATD” is not a simulation program, but rather it is an 
internationally standardized (i.e., by the International Standardization Organization) crash 
dummy. This statement suggests that the authors are not well versed in either “crash simulation 
programs” or “crash dummies”. 
 
3. “A large number of shortcomings were identified with these models.” (p2, bullet 2) 
 
 This statement is not accurate in regard to many of the claimed “shortcomings”, as many of 
them were the result of misunderstandings by or lack of thoroughness on the part of the critics, as 
extensively explained in Zellner, et al. (2012a). As described in the latter report, most of the very 
extensive DRI documentation was apparently never reviewed by the critics, including  Lambert.  
 
 This statement is also now out of date, as virtually all of the claimed “shortcomings” have 
recently been formally addressed in Zellner, et al. (2012b) and also addressed by means of 
updates and refinements to some of the modelling conventions and methods, as described in 
Zellner, et al. (2012a). These two reports have addressed all of the known claimed 
“shortcomings,” primarily by explaining the misunderstandings upon which they were based, or, 
in some cases, by these updates and refinements. 
 
4. “Most importantly, none of the models were able to predict asphyxiation fatalities which 

accounted for 40% of Australian Quad bike roll over deaths; (p2, bullet 2) 
 
 This statement is accurate for the earlier DRI research, but is now out of date, as the latest 
results reported by Zellner, et al. (2012b) have proposed and applied a preliminary traumatic 
(compressive) asphyxiation/breathing difficulty criterion. When this criterion was applied to 
refined and updated simulations of the baseline ATV and Quadbar ATV, the results indicated 
that the Quadbar would cause as many potential asphyxiations/breathing difficulties as it would 
prevent. This was found to be due to the Quadbar increasing the frequency of ATV on-its-side 
(versus upside-down) final resting positions, and the ATV coming to rest on the dummy’s chest 
in this on-its-side position. ATVs coming to rest on their sides – as well as upside down, upright, 
nose-down and tail-down -- on riders can result in serious injuries and fatalities.2 The latest 

                                                            
2 For example, “A Handbook for Workplaces: Quad Bikes on Farms” (WorkSafe Victoria, Edition No. 2, August 2009, p6) cites 
a case of “A 75-year-old man was killed whilst operating a quad bike equipped with a 50-litre spray tank full of chemical spray. 
He was working in a wet area on an incline of 20–30 degrees. The man’s wife discovered him lying face down towards the rear 
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simulation results, as well as existing accident data, indicate that there is nothing special about 
“upside down”, or any other ATV final resting position, in this regard. 
 
 In addition, the statement “…asphyxiation fatalities which accounted for 40% of Australian 
Quad bike roll over deaths” is of doubtful accuracy. Lower, et al (2010) reports that n=14 (25%) 
of 56 ATV overturn fatalities were “asphyxiations”, but it is unknown:  
 

− How many of these were traumatic (compressive) asphyxiations relevant to ROPS/CPDs 
(as opposed to one of the other 8 types of asphyxia that can occur in forensic contexts 
that are also relevant to off-road and ATV accidents (Sauvageau (2005));  
 

− In how many of these cases the ATV came to rest on the chest of the rider (as opposed to 
traumatic (compressive) asphyxiations that may occur from other causes); 
 

− How many of the involved vehicles were ANSI/SVIA-1 “ATVs”, as opposed to other 
types of four wheeled, off-road, so-called “quad” vehicles;  
 

− How many involved accessories, cargo or ATV modifications. 
 
US/CPSC fatality data, some cases among which recorded cause of death at a more detailed 
level, indicate that mechanical/traumatic (compressive) asphyxia in combination with pinning 
beneath the ATV was recorded at a rate of approximately 1.2% among 2,977 US ATV fatalities 
that occurred during 2005 through 20093. Australian data are needed which are at a more 
detailed level in order to understand the percentage (as well as other pertinent details) of cases 
that resulted in traumatic (compressive) asphyxia associated with pinning beneath (the top, sides, 
rear or front of) an ATV rather than some other type of four-wheeled “quad” vehicle). 
 
5. “The computer simulations were loosely based on Quad bike incident descriptions 

provided by the UK Health and Safety Executive and the US Consumer Product Safety 
Committee. In general, these incident descriptions were extremely brief and contained 
insufficient information to accurately define the accident scenarios;” (p2, bullet 3) 

 This statement that the “descriptions were extremely brief” is accurate for the 59 UK/HSE 
cases, however most of the 55 US/CPSC data generally comprised 1 page of coded data for each 
case, which are not so brief. Each coded data page of the CPSC data contained the majority if not 
all of the minimum of 17 variables needed to describe an overturn. But this does not mean that 
the CPSC case data was sufficient to recreate all details of the accident. 
 
 As described extensively in Zellner, et al. (2012a), the statement that these incident 
descriptions contained insufficient information to accurately define the accident scenarios is 
somewhat misleading as it is based on the false premise that the goal was to somehow recreate 
                                                                                                                                                                                                
of the quad bike which was on its side on top of the man.” Another example was a New Zealand ATV on-its-side case described 
at the Technical Engineering Group meetings, Sydney, 5 to 7 October 2010, resulting in long term rider entrapment and 
subsequent medical amputation of the leg. The Peter Crole ATV fatal accident in Australia involved an ATV coming to rest on its 
side on the rider, with heavy equipment on front and rear cargo racks. 
3 Anon., 2009 Public Release of the All-Terrain Vehicles Deaths (ATVD) Database,  Consumer Product Safety Commission 
(US), Bethesda, Maryland, December 2010. 

17 



each of the UK/HSE (and US/CPSC) cases in detail, which would have been impossible. This 
was not the goal, and would indeed have been impossible, given the extremely limited detail 
available, in particular, in the HSE case files. Instead, the goal was to create a set of general 
"types" or "categories" (also referred to in the DRI reports as “configurations” or “scenarios,” a 
concept adapted from ISO 13232) of overturn, within which each specific case resided (see 
Section II.B.2, and extensive discussion in Zellner, et al. (2012a) and Zellner, et al. (2012b). In 
practice, this meant using all of the relevant variables that were available in each case file (from 
the list of a minimum of 17 variables needed to describe an ATV overturn) and then, for the 
variables that were not available in the case file, assuming standardized, plausible values that 
would represent the associated general “type” of overturn. In this way, 113 general “types” (or 
“categories,” “configurations” or “scenarios”) of overturn were modelled, not 113 specific cases. 
The earlier DRI reports may be less clear on this point, and Zellner, et al (2012b) clarifies this 
important distinction. 
 
6. “A clear and agreed interpretation of data by researchers and a defined test methodology is 

required in order to minimise variations in findings by researchers.” (p2, bullet 4) 
 
 This statement is accurate. However, as ATVs are used worldwide, and as the “researchers” 
who have so far done original research on this topic are located in the US, UK and Australia, and 
as the outcome of the research is also relevant to many other countries that use ATVs, it is 
unclear how such “clear and agreed interpretation” will ever be achieved.  
 
7. “Several issues were identified with the methods used to model the different terrains, 

particularly the ground stiffness and friction coefficients chosen, and the extreme length 
of the slopes commonly modelled. These factors appear to have generated roll dynamics 
and injury outcomes which are potentially inaccurate;” (p2, bullet 5) 

 
 As for the “roll dynamics” being “potentially inaccurate,” this is not correct, as Van Auken, 
et al (1998) indicated that the simulated ATV (and dummy) motions correlated very closely (i.e., 
correlation coefficient r2 value of 0.91 on average) with those measured in 12 overturn tests, 
measured as far into the overturn sequence as the high speed camera field of view allowed. This 
was generally well beyond first ATV frame-to-ground contact, and often included several quarter 
revolutions (see Section IX, 8.3.3). 
 
 As for the “injury outcomes” being “potentially inaccurate,” if this refers to not matching real 
world injury outcomes on a case-by-case basis, such a comparison between the injuries in each 
of the 113 baseline ATV simulations and each of the 113 actual accidents is fundamentally 
inappropriate and not feasible. This is because each simulation was run with a baseline ATV, a 
baseline dummy, baseline simplified terrains, baseline steering, braking, and throttle control 
input magnitudes and waveforms, and a baseline set of monitor-able injuries, i.e., a 
fundamentally different assumed set of human, vehicle, environment and accident variables than 
those of the associated actual accidents, which were far more diverse and to a large extent 
unknown and unrecorded. To begin with, there is only one standardized crash dummy worldwide 
that can straddle an ATV seat, grip the handlebars, properly retain a helmet, monitor for injuries 
laterally, vertically and fore-aft. That dummy is for a 50th percentile adult male; whereas many of 
the involved persons were of different or unknown stature, weight, gender, age, physical 
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condition, etc., all of which greatly affects injury outcome. In addition, the injuries occurring in 
the actual accident cases are related to a large number of diverse or unknown vehicle and 
environment variables, such as make-model-year of ATV, accessories, vehicle modifications and 
cargo, possibility of broken, worn or missing ATV parts, ATV modifications, complex and 
highly diverse environmental objects (e.g., rocks, stumps, fences, etc.), highly detailed terrain 
shapes, soil conditions, vegetation, etc.  Such a case-by-case comparison is not the state-of-
technology in vehicle crash testing or simulation. Instead, comparison of simulated and actual 
aggregated injury distributions is the state-of-technology and can be found in the literature (e.g., 
Kramer, et al. (1990), Kuchar (2001), Rogers, et al. (2004)).  
 
 This statement is also now out of date, as in terms of aggregated injury distributions, the 
latest Zellner, et al. (2012b) results indicate a very close agreement between the simulated and 
actual injury distributions (i.e., correlation coefficient r2 value of 0.97 on average). 
 
8. “The Dynamic Research Inc. (DRI) research in particular caused a substantial and 

unexplained shift in the nature of the injuries predicted, dramatically over-predicting head 
injuries and virtually eliminating chest injuries. This shift in the nature of injuries 
predicted by the simulations removed much of the potential for crush protection devices 
tested to reduce the simulated rider injuries;” (p2, bullet 6) 

 
 This statement is now out of date, as the latest Zellner, et al. (2012b) research has 
investigated and corrected this issue. As described therein, this involved: refining the force-
deflection characteristics of the crash dummy helmet, head, upper leg and lower leg so as to 
reduce potential over-prediction of head and leg injuries; verifying these refined force-deflection 
characteristics by means of calibrations against previous dummy lab test data; measuring and 
incorporating values for dummy/soil coefficients of friction, so as to increase the model’s 
accuracy and reduce potential over-prediction of head and leg injuries due to excessive 
dummy/soil friction; revising and correcting the injury codings of the actual accidents so that 
only injuries that are monitor-able by a crash dummy are included; and, after implementing the 
aforementioned refinements, then calibrating the simulation models against aggregated injury 
distributions from actual accidents, which verified that over-prediction was no longer occurring, 
and which resulted in closer agreement between the simulated and actual aggregated injury 
distributions (e.g., with a correlation coefficient of r2 = 0.97 on average). 
 
9. “The method described by ISO 13232 for calculating risk benefit ratios was found to be 

extremely susceptible to influences from a range of factors including: the test scenarios 
chosen, the inherent variability in each case, and the methods used to compare minor, 
non-permanent injuries with fatalities;” (p2, bullet 7) 

 
 The basis for the term “extremely susceptible” is unclear, unknown and not evident from the 
discussion presented by McDonald and Richardson (2011). They did not conduct any sensitivity 
analysis to assess this “susceptibility.” In addition, the McDonald and Richardson paper contains 
a large number of factual errors. Further, the discussion in that document is largely now out of 
date, as discussed in Section VII R15.  
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10. “Experimental tests conducted [by] the University of Southern Queensland indicate that 
the Quad Bar CPD is successful in arresting; and preventing the roll of a driverless Quad 
bike for both side roll and back flip scenarios. These results indicate the potential, 
effectiveness of the Quad Bar and other similar CPDs in preventing rider injuries and 
fatalities due to low speed roll over incidents;”(p2, bullet 8) 

 As discussed in Section V, R12 and Section VI, R12, the University of Southern Queensland 
(USQ study, also referred to as Snook (2009)) involved no injury-monitoring crash dummies, an 
artificial accelerator ramp (whereas real ATVs cannot accelerate sideways in a linear manner), 
the faulty assumption that the presence of a rider would not affect the dynamic motions of the 
ATV, and a purely subjective and speculative evaluation of how a rider might have “potential” to 
be protected within the “protective space” provided by the CPD, mistakenly assuming a rider 
would somehow able to stay within the “protective space” whilst being acted upon by lateral and 
other forces involved in a rollover, without any body region being trapped or impacted by the 
CPD and/or the ATV. Therefore, the Snook (2009) tests are not accurate, based on false 
premises, and somewhat misleading. 
 
11. “The FCAI's strong opposition to the fitment of CPDs in general and the Quad Bar in 

particular was found to be based on the research produced by Failure Analysis Associates 
and DRI. Their reasons for rejecting such devices cannot be supported given the major 
problems with the research methodologies identified by this review. (p3, bullet 1) 

 
 As discussed in Section VIII, Comment 2 (and throughout the current report), this statement 
is now out of date and not accurate, as the current report has found that virtually all of the 
supposed “problems identified by this review” were themselves not accurate, based on false 
premises, incomplete, somewhat misleading, and/or unclear, or otherwise are now out of date in 
view of the latest DRI research which was not considered in the Wordley and Field (2012) 
review. 
 
12. “This review identifies serious issues with the simulation methods used and the nature of 

incidents tested to predict the effect of crush protection devices on Quad bike roll over 
injuries and fatalities.”(p3, paragraph 1) 

 
 As discussed in Section VII, R13 through R15, this comment is inaccurate and also now out 
of date. The supposed “serious issues” are fully addressed in Zellner, et al. (2012a) and in the 
current report, or were otherwise addressed by the latest DRI research reported in Zellner, et al. 
(2012b) which is not considered in Wordley and Field (2012).  
 
13. “Limited experimental and simulation results indicate that the Quad Bar crush protection 

device demonstrates potential to reduce rider harm in such events.” (p3, paragraph 1) 
 
 Assuming that the phrase “such events” is intended to refer to “Quad bike roll overs” which 
involve “injuries and fatalities”, then this statement is misleading for a number of reasons: 

− it does not mention the adverse effects of the Quadbar found, for example, by Grzebieta 
and Achilles (2007) who found “some potential for increased risk in front roll overs, 
as the Quad Bar may come in contact with the rider with the full weight of the Quad 
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bike behind it.” (p22, top) and by Zellner, et al. (2012a) (which was published after 
Wordley and Field (2012)) who found that Quadbar injury risks were greater than injury 
benefits in a sample of 770 overturn simulations;  

 
− if the “limited experimental and simulation results” refers to the small set of 10 overturns 

simulated by Grzebieta and Achilles (2007), then as discussed in Section VIII, Comment 
6, and Section VI, R8, Grzebieta and Achilles (2007): 
a) used an inappropriate car frontal crash dummy and only dummy frontal injury 
monitoring to evaluate lateral and rearward overturns;  
b) attempted to model specific real accident cases when there was insufficient 
information to do so;  
c) unrealistically modelled the real accidents (e.g., used a 0.5 m kerb height); and  
d) found that the Quadbar was dangerous in frontal overturns; 

 
− if the “limited experimental and simulation results” refers to the small set of slide-and-

trip-ramp tests done by Snook (2009), then, as discussed in Section VI, R12, those tests 
involved:  
a) no injury-monitoring crash dummies;  
b) an artificial accelerator ramp (whereas real ATVs cannot accelerate sideways in a 
linear manner); and  
c) purely subjective and speculative evaluation of how a rider might have “potential” to 
be protected within the “protective space” provided by the CPD, mistakenly assuming an 
unrestrained rider would somehow able to stay within that “protective space” whilst 
being acted upon by the lateral and other forces involved in a rollover, and without any 
body region being trapped beneath or impacted by the CPD and/or the ATV.  
 

In addition, the Snook (2009) subjective speculation ignores the fact that creating “protective 
space” also creates load concentrations adjacent to the “protective space,” between the 
ATV/CPD and the ground, which increase injury potential if portions of the rider are trapped 
beneath them.  
 
In fact, as discussed in Zellner, et al. (2012b), the proposition that the Quadbar has “potential to 
reduce rider harm” has been shown not to be valid.  In a sample of 770 types of overturns, which 
were based on available information from real UK/US overturn cases, and use of an appropriate 
injury-monitoring crash dummy, Zellner, et al. (2012a) found that the Quadbar increases injuries 
and probability of fatality more than it decreases injuries and probability of fatality, i.e., the 
Quadbar caused a net increase in injuries and fatalities. 
 
14. “Executive summary of limitations identified in the existing research” (Table, page 4) 
 
 The table on page 4 of Wordley and Field (2012) is difficult to understand, and would have 
benefited from a column indicating which author, organization or report was being addressed by 
each row in the table. In fact, it summarizes limitations of several of the reports reviewed 
(sometimes in inaccurate terms as described immediately below), including (besides the DRI 
reports), Piziali (1993), Rechnitzer, et al. (2003), Grzebieta and Achilles (2007) and Snook 
(2009). 
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15. “[Piziali] Experiments utilise inappropriately high speeds”(Table, p4, Item 2) 
 
 As discussed in Section VI, R3, Comment 2, the statement is not accurate, as the Piziali, et 
al. (1993) test speeds were not (either mostly or particularly) “high speed”, and were as low as 
13 km/h (8 mi/h). Moreover, the average speed of Australian fatal cases reported by Fragar, et al. 
(2009), for those (n = 8) cases where speed was reported, was 50 km/h (31 mi/h), which is higher 
than the highest test speed of 47 km/h (29 mi/h) used by Piziali, et al. (1993). This Australian 
average fatal case speed of 50 km/h (31 mi/h) is also higher than the average speed for the 113 
UK/US cases for those (n = 36) cases where speed was reported, which was 36 km/h (22 mi/h). 

16. “Potentially unlikely set of Quad bike incidents commonly simulated.” (Item 3) 
 
 Wordley and Field (2012) provide no basis for their use of the term “unlikely.” The term 
“unlikely” does not appear anywhere in the three locations cited in this row of the table on page 
4. In addition, as discussed in Section IX, 8.2, the Wordley and Field (2012) statements in their 
Section 8.2 “UK HSE and US CPSC Accident scenarios” (i.e., their page 33, which is cited in 
the table on page 4) are not accurate and are stated without any supporting references.   
 
17. “Accuracy of recorded incidents, particularly slope angles problematic.” (Item 4) 
 
 As discussed in Section IX, 8.2, this Wordley and Field (2012) statement4 is speculative and 
does not consider the range of slope angles where ATVs have a greater chances of overturning.   
 
18. “Insufficient details to accurately model the reported incidents.” (Item 5) 
 
 As discussed in Section IX, 8.2, this statement is accurate, and is the reason DRI chose to 
model 113 broader, more general “types” of overturn, within which each specific case resided, 
rather than attempting to reconstruct in detail specific accident cases, as was faultily attempted 
by Grzebieta and Achilles (2007), for which there was insufficient information.  
 
19. “A large number of assumptions were required [by DRI] to define simulated cases.” 

(Item 7) 
 
 As discussed in Section IX, 8.2, this statement is generally true of nearly all tests and 
simulations that purport to represent something in the real world, and is not limited to the 
examples at hand. The difference is that DRI attempted to make consistent, systematic and 
plausible assumptions (i.e., as described in Zellner, et al. (2012b), Appendices B and C). 
 
20. “Unknown systematic variation of [DRI] simulation conditions, and mass multiplication of 

simulated incidents.” (Item 9) 
 
 As discussed in Section IX, 8.2, this statement is now out of date, as Zellner, et al. (2012b), 
Appendix K describes the systematic variation methodology. 
                                                            
4  This statement in the table on page 4 of Wordley and Field (2012) is apparently based on Section 8.2 of Wordley 
and Field (2012) “Summary Overview of the UK/US Accident scenarios,” page 33. 
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21. “Inconsistencies in the simulation programs used and their capabilities.” (Item 10) 
 
 The statement is unclear in regard to which “inconsistencies” it is referring. The term 
“inconsistencies” does not appear anywhere in the three locations cited in this row of the table on 
page 4. As discussed in Section VII, R13 through 15, the criticisms of the DRI modelling are not 
accurate and also now out of date, as all of these have been addressed in the latest research in 
Zellner, et al (2012b), in replies to criticisms in Zellner, et al (2012a) and in the current report. 
 
22. “All simulations unable to predict asphyxiation fatalities.” (Item 11) 
 
 This comment is now out of date, and the latest research in Zellner, et al. (2012b) includes a 
preliminary asphyxiation/breathing difficulty index. 
 
23. “Inappropriate ground stiffness, energy absorption and friction characteristics [used by 

DRI].” (Item 12) 

 As discussed in Section II.B, Comment 8, this description is not accurate and is now out of 
date. These have all been measured and/or dynamically calibrated.  
 
24. “Unrealistically high slope angles and length of slopes simulated [by DRI].” (Items 13 and 

14) 
 
 As discussed in Section VII, R13, Comment 3 and R14, Comment 4, this description is not 
accurate and also somewhat now out of date. The use of “high slope angles” was based on 
archival information collected by government agencies, and in the most recent analysis as 
described in Zellner, et al. (2012b), the “lengths of slope” have been substantially reduced 
where the archival information is not specific. 
 
25. “Potentially unlikely initial rider positioning and hand grip forces [used by DRI].” (Item 

15) 
 
 Wordley and Field (2012) provide no basis for their use of the term “unlikely.” The term 
“unlikely” does not appear anywhere in the three locations cited in this row of the table on page 
4. As discussed in Section VII, R14, Comment 2, the description regarding “rider position” is 
based on a false premise, and is beyond the state of crash dummy technology. As described in 
Zellner, et al. (2012b), the description regarding “hand grip force” is now out of date, as a 
substantially greater hand grip force has been used in the most recent analysis reported in 
Zellner, et al. (2012b). 
 
26. “Assumption that Quad bike roll events can be wholly attributed to vehicle “misuse.” 

(Item 17) 
 
 As discussed in Section IV.B, and Section VI, R7, Comment 2, this description is not 
accurate, as “misuse” means “warned against behaviour”, and, as reported  by Heiden (2003), the 
vast majority (i.e., 92%), but not all, of ATV fatal cases involved some type of “warned against 
behaviour.” This includes non-use of helmet, children on adult sized ATVs, use on public roads, 
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lack of training and carrying passengers on single seat ATVs, which are evident in a large 
number of the UK/US cases and which can increase the chances of rollovers or injuries in 
rollovers.  
 
27. “Unexplained shift in the nature and location of injuries predicted by [DRI] simulations 

compared to incident reports”. (Item 18) 
 
 As discussed in Section IIB, Comments 8 and 9; and Section VII, Comment 6, this comment 
is now out of date, as after correction of some parameters and re-calibration, the latest research 
reported in Zellner, et al. (2012b) shows a close correlation in the nature and location of the 
aggregated injuries as between the simulations and the actual cases.  

28. “Reported Risk / Benefit ratio skewed by severity of the incident cases chosen [by DRI] for 
simulation. (Item 19) 

 
 As discussed in Section IX, 8.2, Comments 2 and 3, the opposite is the case. The UK and US 
samples were censuses of cases of all severities provided by the respective government agencies, 
and were used in order to obtain an unbiased representative sample of accidents of all injury 
severities, and in order to avoid inappropriately skewing/biasing the data toward, for example, 
severe or fatal cases, which is not appropriate for this type of analysis.  
 
29. “Reported Risk / Benefit ratio averaged [by DRI] across all incidents and levels of injury 

severity. (Item 20) 
 
 This description is based on the Stevenson (1998) comment that this averaging would make it 
“all but impossible” to attain a low risk-to-benefit ratio, which, as discussed in Section VII, R13, 
is not an accurate statement. 
 
30. “Requirement for ROPS/CPDs [sic] devices to demonstrate a 7% risk/benefit ratio in 

order to be considered beneficial.” (Item 21) 
 
 As discussed in Section VII, R15, Comments 7 and 9, this description is not accurate because 
a) International Standard ISO 13232-5, Annex E, which mentions both 7% and 12% criteria, is 
stated to be a “suggested reference guideline”, not a “requirement;” and b) the purpose of the 7% 
- 12% guideline is not for a device “to be considered beneficial” (which would pertain to an 
index such as the “net benefit”) but rather for it to have acceptably low levels of risk in 
comparison to its benefits (as discussed in the footnote to ISO 13232-5, Annex E). 
 
31. “Experimental Quad bike roll tests lacked an instrumented dummy.”(Item 22) 
 
 As discussed in Section V, R12, this description pertains to the Snook (2009) study, which 
indeed involved no injury-monitoring crash dummies, and instead of this, involved a purely 
subjective and speculative evaluation of how a rider might have “potential” to be protected 
within the “protective space” provided by the CPD, mistakenly assuming a rider would somehow 
be able to stay within that “protective space” whilst being acted upon by the lateral and other 
forces involved in a rollover, without any body region being trapped or impacted by the CPD 
and/or the ATV. 
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SECTION III 
 

COMMENTS ON “INTRODUCTION” (SECTION 1) 
 

 The comments on the Introduction (Section 1) are as follows: 
 
1. “This review has been overseen by a committee comprising … Yossi Berger (AWU), and 

Tony Lower (University of Sydney).” (p6, paragraph 4)) 
 
 It is noted that Dr. Berger’s organization and Dr. Lower were both outspoken advocates of 
fitting CPD to ATVs prior to publication of this Wordley and Field (2012) report. The report 
does not describe what steps were taken to ensure that this prior advocacy did not influence the 
numerous opinions in support of the Quadbar CPD expressed in the report. 
 
2. “Appendix A contains a summary of the authors‟ C.Vs..” (p6, paragraph 5) 
 
 The authors’ CVs do not indicate any background or experience in the fields of 
biomechanics, crash simulation, crash dummies or crash testing, which are central to this topic. 
They may have background in these areas, however, several of the statements in the report 
suggest that they do not (e.g., see Section II.B, Comment 3). 
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SECTION IV 
 

COMMENTS ON “TABLE OF ABBREVIATIONS” AND “DEFINITIONS AND 
NOMENCLATURE” (SECTIONS 2 AND 3)  

 
A. COMMENTS ON “TABLE OF ABBREVIATIONS” 
 
 In general, with the exception of “UTV”, there are no comments on the “Table of 
Abbreviations”, and the current report will attempt to adhere to them for ease of reference.  

 
 As a variety of other vehicle types (including what is referred to as “UTVs” in the Wordley 
and Field (2012) report) are sometime incorrectly categorized as “quadbikes,” “quads” or 
“ATVs” in accident files (see subsequent discussion), the following comment on the term 
“UTV” is provided here. 

 
 The term “Utility Task Vehicle (UTV)” is subsequently defined (i.e., in Wordley and Field 
(2012) Section 3, p8, paragraph 2) to be the same as a “side-by-side” [SBS] vehicle. “SBS”, 
rather than “UTV” would have been the preferred term, as many categories of “utility” vehicle 
exist (and in some cases, “ATVs” are used for “utility tasks”). The term “UTV” seems overly 
broad, and could imply, e.g., “utes” (i.e., “utility” vehicles, i.e., light-duty Australian pickup-
truck-like vehicles with drop-side flat-beds), ATVs, or straddle seat, 5-wheeled, 6-wheeled and 
8-wheeled vehicles; whilst it could exclude, on the other hand, recreational or multi-purpose 
side-by-side 4-wheeled vehicles (as they may not be (solely) “utility task” vehicles), which also 
have been known to be incorrectly categorized as “quadbikes,“ “quads” or “ATVs” in accident 
files. Side-by-sides (SBSs), if that is what is really meant by “UTV,” include among other 
categories: 
 

− Recreational Off-Highway Vehicles (ROV);5 
 

− Multi-Purpose Off-Highway Utility Vehicles (MOHUV).6 
 
So, the term “SBS” would be preferable to “UTV”, as it describes the seating configuration of 
this vehicle category, which distinguishes this category from ATVs. 
 
B. COMMENTS ON “DEFINITIONS AND NOMENCLATURE” 
 

For purposes of the comments in the current report, the following terms are defined. 
 
The term “overturn” is considered to include rollovers, pitchovers and combined axis 

overturns of a vehicle.  
 
The term “misuse” refers to using a product in a way that is contrary to the warning labels 

that are required to be on the product (i.e., in this case, on an ATV, as currently required by 

                                                            
5 ANSI/ROHVA 1-2011, Recreational Off-Highway Vehicle Association. (ROHVA), Costa Mesa, California. 
6 ANSI/OPEI B71.9-2012 Draft Standard, Off-Highway Product Equipment Institute (OPEI), Costa Mesa California. 
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ANSI/SVIA 1-2010, and since April 2009, by US law, i.e., the Consumer Product Safety 
Improvement Act), for example, not wearing a helmet, children using adult sized ATVs, etc. 

In addition, throughout the Wordley and Field (2012) report, the terms “high speed” and 
“low speed” appear to have a variety of changing and inconsistent meanings. Although there are 
no common definitions for these terms, some guidance can be taken from considering the speed 
range of ATVs. A typical ATV like the Honda TRX350 or TRX400, which served as baseline 
vehicles for much of the US, UK and Australia research to date, has a maximum speed in the 
range of 80 km/h (50 mi/h). ATVs are often operated at relatively high speeds on dirt roads on 
farms and cattle stations, in order to transport one person and a limited amount of cargo over 
long distances; and occasionally accidents occur at relatively high speeds. It is suggested that, in 
the context of ATVs and for purposes of consistency in the comments in the current report, the 
terms be employed: 

 
− “high speed” designates 50 to 80 km/h (30 to 50 mi/h),  
− “mid-speed” designates 25 to 50 km/h (15 to 30 mi/h), and  
− “low speed” designates 0 to 25 km/h (0 to 15 mi/h). 

 
Specific comments on the “Definitions and Nomenclature” (Section 3) are as follows. 
 
1. “This review will examine the use of four wheeled, motorised bikes, having a straddle seat 

and handlebars. Such bikes are commonly referred to as either Quad bikes, or All-Terrain 
Vehicles (ATVs). For clarity and simplicity, this review will henceforth refer to these 
vehicles exclusively as Quad bikes.. (p8, paragraph 2) 

 
 The term “Quad Bike” is vague and imprecise, and has led to mis-categorization and 
erroneous data within accident databases and statistics. An “All Terrain Vehicle” is a specific 
type of standardized, four-wheeled, off-highway vehicle, which is defined by (among other 
factors (as in, e.g., ANSI/SVIA 1-2010) its “straddle seat-handlebar-helmet-required” 
configuration. An “All Terrain Vehicle” has a precise legal definition in the United States,7 
which since 2009 has regulated ATVs, and which is currently by far the largest market and 
manufacturing source for ATVs, accounting for more than 90% of production and sales 
worldwide.  
 
 A “quad bike” (or “quad”) is a slang, non-legally precise term used in some regions, which 
may include ATVs, but which has also been used to refer to other, diverse, four wheeled vehicles 
that do not comply with ANSI/SVIA 1-2010.8 “Quad bike”, in practice, is a broader, informal 
category which can include ANSI- and non-ANSI-compliant vehicles (the latter of which may 
have some or none of the 30 or so safety features of ANSI-compliant vehicles. In addition, the 
                                                            
7 Under the US Consumer Product Safety Improvement Act (CPSIA), an ATV is currently defined in ANSI/SVIA 1-2010. 
ATVs have been regulated in the US under the CPSIA since 2009 and currently must be certified and marked as complying with 
ANSI/SVIA 1-2010 in terms of their safety features, design, and performance.  
8 For example, of n=106 "quad bike" fatalities reported in the Australian National Coronial Information System (2009), it has 
been found that as many as 12 cases were either not an "ATV accident" or involved a vehicle that was not an "ATV” (See 
Footnote 1). Some recorded accidents, including some of those in the UK/US accident cases described subsequently in this 
report, in fact involved, e.g., so-called side-by-side vehicles, and 6-wheeled vehicles, which are not ATVs, and are very 
dissimilar to ATVs in terms of size, weight, configuration, etc., and those were removed from consideration in the Zellner, et al. 
(2012b) study. 
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Australian National Coroners Information Service database includes some cases that are listed as 
“quad bikes” that involve four wheeled vehicles that do not have straddle seats (i.e., side-by-
sides). Therefore, “quad bikes” and “ATVs” are not equivalent in practice. 

2. “Some testing and simulation of Roll Over Protective Structures (ROPS) devices will also 
be provided.” (p8, paragraph 3) 

 
 This sentence appears to contain a typographical error. It might be intended to say “A 
summary of some testing and simulation…”  As a “literature review”, the Wordley and Field 
(2012) report is not presenting or “provid[ing]” any original research in this field. 
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SECTION V 
 

COMMENTS ON “OVERVIEW OF REFERENCES REVIEWED” (SECTION 4) 
 
 The comments on the “Overview of References Reviewed” (Section 4) are as follows: 
 

− Several key references are not included (some of which were not available at the time of 
the writing of the Wordley and Field (2012) report), as follows: 

 
− Piziali (1994), which describes an evaluation of the Johnson ROPS, and found that it 

was 123 kg heavier than the baseline ATV, and that it would introduce new accident 
modes and new injury modes, degraded visibility, mobility, utility, ride quality, 
ergonomics and practicality of the vehicle;  
 

− Tyler-Street (1999), which describes a study commissioned by the UK/HSE  which 
involved “the mathematical modelling of an all terrain vehicle (ATV) and [r]ider 
in an overturn…to evaluate the risk versus benefit of fitting a roll over 
protection structure (ROPS) to an ATV”; 
 

− Van Auken, et al. (1997a), which contains revised and expanded descriptions and 
results (relative to Van Auken, et al. (1996)) of the preliminary simulation analysis of 
rigid HSE U-Bar and NZ T-Bar CPDs; 
 

− Van Auken, et al. (1997b), which describes simulations of flexible HSE U-Bar and 
NZ T-Bar CPDs, and contains additional descriptions of the DRI simulation and 
analysis procedures.  
 

− Van Auken, et al. (1998), which describes 12 full-scale ATV overturn tests involving 
a U-Bar CPD and a T-Bar CPD and an ISO MATD crash dummy; applying the test 
data to dynamically calibrate the simulation model of the ATV, dummy and soil; and 
applying the calibrated model to evaluate the injury risks and benefits of the two CPD 
devices; 
 

− Zellner, et al. (2011), which describes recoding of injuries recorded in 113 ATV 
overturn accident case files received from the UK HSE and the US CPSC, in 
accordance with AIS 2005 (2008 Update) and focusing on those injuries which can be 
monitored with an ISO 13232 crash dummy; 
 

− Zellner, et al (2012a), which describes replies to comments by Lower (2011) which 
were based on the opinions of Lambert, Richardson and McDonald; 
 

− Zellner, et al (2012b), which describes “an updated evaluation of the effects on 
predicted injuries of the Quadbar crush protective device (CPD) that has been 
proposed for application to All-Terrain Vehicles (ATVs)”, using “modelling 
refinements that took into account desired refinements to, as well as all known 
comments on, the previously used methodologies.” 
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In particular, as subsequently discussed in detail in the current report, the scope and 
content of the latter two reports are such as to invalidate most of the conclusions of the 
Wordley and Field (2012) report. 

 
− In addition, the Wordley and Field (2012) report does not take into account that the 

previous DRI work was far more extensive than it implies. The previous DRI work 
included the five DRI reports in the Wordley and Field (2012) reference list, but also was 
based on data, standards and analysis beyond those five reports. The previous DRI work 
was in part contained in documents provided to counsel for Australian ATV importers 
who, it is understood, submitted them to the Victorian State Coroner and of which copies 
were provided to DV Experts International Pty Ltd, in the context of the 2002 to 2009 
Coronial inquests, including 16 volumes of reports (including but not limited to Zellner, 
et al. (2004) and Munoz, et al. (2007)), comprising 1636 pages prepared for the Coronial 
inquests, based on analysis of 1612 computer simulation runs; 678 computer simulation 
input files of approximately 100 pages each; a set of 5 computer simulation software 
programs provided to DV Experts under license; example videos of computer simulation 
animations involving ATV overturns; constructing a MUARC ROPS and conducting 
human factors, ergonomics and mobility tests with it; and obtaining and measuring a 
prototype Quadbar device. The aforementioned DRI reports and extensive supporting 
documentation, as well as extensive supporting testimony, were generated and provided 
specifically for and in the context of the Coronial inquests. It is possible that Wordley and 
Field did not review that extensive documentation or testimony.  

 
− In addition, some of the documents listed in the Wordley and Field (2012) reference list 

were not available from their sources, nor from the Monash University Library, nor on 
request to ISCCR; nor is it clear whether or when some of the source documents have 
ever been published or circulated to the relevant parties, including DRI. 

 
− Also submitted to the Coronial inquests, but not cited in Wordley and Field (2012), were: 

(as noted above) a previous, extensive, four volume DRI report, Van Auken, et al. (1998), 
comprising 569 pages, involving high speed camera motion analysis of 12 full-scale ATV 
overturn calibration tests with a fully instrumented ISO-MATD crash dummy, and 
analysis of 354 computer simulations runs; a narrated video of the 12 full-scale ATV 
overturn calibration tests; and an additional internationally published DRI paper (i.e., 
Kebschull, et al. (1998)), comprising 19 pages describing 39 laboratory calibration tests 
with the ISO MATD dummy. 

 
− Also submitted to the Coronial inquests but not cited by Wordley and Field (2012), were 

two other internationally published papers by other researchers, on the topics of risk-
benefit analysis of vehicle safety devices (i.e., Iijima, et al. (1998)) and comparison of 
actual to computer simulated injury distributions based on aggregated data (i.e., Kuchar 
(2001)).  

 
In addition to the foregoing key references, the following is a comment on one specific 
point in this section of the Wordley and Field (2012) report: 
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1. “The relevant research conducted by American private consulting firms Failure Analysis 

Associates and Dynamic Research Incorporated (DRI) will be reviewed and compared with 
similar studies performed by Monash University and the University of Southern 
Queensland.  

 
 The latter studies are not at all “similar” to the former studies, except for the fact that they all 
involved ATVs and some form of proposed ROPS or CPD.   
 
 The Failure Analysis Associates (FAA) and DRI experimental studies involved standardized, 
instrumented injury-monitoring crash dummies, testing on actual terrains with ATVs (and also 
on a forward impact sled), and application of standardized injury evaluation methods.  
 
 In contrast to these studies, the University of Southern Queensland (USQ, also referred to as 
Snook (2009)) study, involved no injury-monitoring crash dummy, an artificial accelerator ramp 
(whereas real ATVs cannot accelerate sideways in a linear manner) and purely subjective and 
speculative evaluation of how a rider might have “potential” to be protected within the 
“protective space” provided by a CPD, mistakenly assuming a rider would somehow be able to 
stay within the “protective space” without any body region being trapped or impacted by the 
CPD and/or the ATV, whilst being acted upon by the lateral forces (even those at low or zero 
speed) that are involved in a dynamic rollover 
 
 The Monash University computer simulation studies (also referred to as Rechnitzer, et al. 
(2003) and Grzebieta and Achilles (2007) involved inappropriately applying a car “frontal” crash 
dummy (which has a non-human-like lateral response and is unable to monitor for lateral 
injuries) to lateral and rearward rollovers of ATVs’ (see Section VI, R8), and using very small, 
statistically insignificant samples (e.g., n = 3 to 10) of overturn events. The DRI studies involved 
using a “multi-axis” dummy (ISO MATD), which has human-like response in several directions 
and is able to monitor for lateral injuries; and used large samples (e.g., n = 113 to 791) of  
overturn events from which it was possible to estimate statistical significance. 
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SECTION VI 

 
COMMENTS ON “REVIEW OF REFERENCES” (SECTION 5) 

 
The “Review of References” section of Wordley and Field (2012) summarizes the content of 

the 20 reviewed references. However, it does not include the key omitted references mentioned 
in the previous section of the current report, which if included, would have changed the content 
(and potentially, the conclusions) of the Wordley and Field (2012) report.  

 
In general, this section -- as well as other sections – of the Wordley and Field (2012) report 

appears to make judgments about the validity and other aspects of the various references, 
whereas in many cases, the references themselves contain insufficient information on which to 
base such judgments, as will be discussed. For example, the phrase used in the Wordley and 
Field (2012) report that “[the report] showed that…” implies that a data-based deduction was 
provided in the subject report, whereas in many or most cases such proof or supporting data were 
lacking.  

 
The “Review of References” contains several points for which comments are provided here, 

as follows. 
 

R1 “Quad Bike rollover Deaths in Australia”, Lower, et al. (2010) 
 
1. “Lower et al. under took [sic] a detailed review of this dataset as part of a report prepared 

for and presented at the 2010 HWSA Trans-Tasman Quad Bike (Engineering) Group 
meetingR16, and examined the nature of fatal Quad bike crash events between January 
2001 and December 2009.” (p11, paragraph 1) 

 
The review is stated to be “detailed”, however it was not as “detailed” as would be needed to 
understand at a basic level what is actually occurring in Australian ATV accidents. For example, 
the available information indicates that at least n = 12 of the 127 fatal cases examined by Lower, 
et al (2010) were either not “ATV accidents” or did not involve an “ATV.”9 In addition, 
insufficient detail is provided to determine:  
 

− which of the 9 causes of forensic asphyxia (i.e., as discussed by Sauvignon (2005))10 
were involved in the n = 13 reported asphyxias; 
 

− how many of those cases were “traumatic (compressive) asphyxia” that might be relevant 
to ROPS/CPDs;  

 
− how many of any cases that did involve traumatic (compressive) asphyxia were 

associated with the ATV coming to rest on (as opposed to impacting) the rider’s chest (as 
opposed to other body regions);  

                                                            
9 See Footnote 1. The n=106 cases in the 2009 NCIS report noted there are included in the n=127 cases examined by 
Lower, et al. (2010). 
10 See Footnote 49 regarding Sauvageau, et al. (2010). 
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− of those cases, in what resting position was the ATV (e.g., upside down, on side, on 

wheels, etc., as this is relevant to the action of ROPs/CPDs in modifying these resting 
positions);11 and  
 

− in how many of those cases, for example, were accessories or cargo present that may 
have prevented the rider from separating from the vehicle during overturn.  

 
Similar questions arise for the “crush” cases reported. All of these are important questions 
relevant to understanding the actual injury and physical mechanisms. 
 
2. “Of the on-farm, work-related deaths, 68% of deaths were associated with the Quad bike 

rolling over and crushing the victim”. (p11, paragraph 2) 
 
 As noted in Item R1.1 above, there is insufficient information in the Lower, et al. (2010) 
report to understand the validity and details of this statement. For example, it is unknown: 
 

− how many of the fatalities involved an “ATV” (as defined in ANSI/SVIA-1-2010) as 
opposed to some other 4-wheeled off-road vehicle;12  
 

− how many involved known make-model-year of ATV so as to be able to verify that they 
are indeed ATVs and to understand their sizes and weights;  
 

− what the ages, genders, statures and heights of each of the riders were, as those factors 
can have a large effect on the injury outcomes;  
 

− whether there were accessories or cargo or ATV modifications present (that could 
prevent/inhibit the separation of the rider from the vehicle);  
 

− which body region was crushed;  
 

− whether the “ATV” came to rest on the crushed body region (or whether the “crush” was 
due to dynamic impact by or against some object, or due to some other phenomenon). 

 
3. “Children (<14 years) and older people (>45 years) accounted for 46 of the total 56 

fatalities recorded, as shown in Figure 1. By contrast, only ten persons aged in the range 
between 15 and 44 years were killed in Quad bike roll overs in the period.” (p11, 
paragraph 4) 

 

                                                            
11 The resting position of the ATV is relevant in order to understand the potential effectiveness of devices that inhibit or increase 
the frequency of one of these resting positions, e.g., the Quadbar has been found in Zellner et al. (2012b) to decrease “upside 
down” resting positions but to increase “on-the-side” resting positions. Both the former and the latter have been observed, with 
low frequencies, in some ATV fatalities and serious injuries. 
12 For example, of n=106 "quad bike" fatalities reported in the Australian National Coronial Information System (2009), it has 
been found that at least n=12 cases were either not an "ATV accident" or involved a vehicle that was not an "ATV” (see Footnote 
1). 
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 It is not discussed in the Lower, et al. (2010) report to what extent these findings are due to 
these two age groups being the primary ATV exposure groups; or due to these age groups being 
more susceptible to fatal injury than other age groups, or whether these groups are over- or 
under-represented in comparison to ATV exposure data. Therefore, the understanding and 
implications of these findings are unclear. 
 
4. “Lower et al. summarise the part of body injured as the primary cause of death, where the 

mechanism of the event could be categorized into either a roll over or non-roll over event. 
Roll over deaths were found to be primarily associated with asphyxiation or respiratory 
difficulty (n=14), head injury (n=11), chest (n=6) and spine injuries (n=4). This compares 
with injuries from non-roll overs where multiple injuries (n=17) and head (n=17) were 
observed to predominate.” (p11, paragraph 5) 

 
 In regard to “asphyxiation or respiratory difficulty”, it is unknown which of the nine types of 
forensic asphyxia as discussed in Sauvageau, et al. (2010) occurred in each of these 
“asphyxiation or respiratory difficulty” cases, and how many of these were associated with being 
pinned beneath an ATV (on its side, top, bottom, wheels, front, rear, etc.). For example, off-road 
two wheeler fatalities can occasionally involve “aspirated object” asphyxia (wherein mud or 
other debris is aspirated during a face-down landing, most often without any pinning by the 
vehicle); or “positional asphyxia” (e.g., hyper-flexion of the neck closing the trachea) may occur 
when a rider comes to rest, unconscious, against a tree, rock, bush or other environmental object, 
again, most often without being pinned by the vehicle; or drowning (e.g., if knocked 
unconscious). It is also unknown to what extent vehicle modifications and accessories may have 
influenced pinning beneath an ATV, and whether this was a factor in any of the Lower, et al 
(2011) cases. Further, detailed, in-depth, case-by-case analysis would be needed to understand 
the frequency, if any, of potential mechanical/traumatic (compressive) asphyxia that might result 
from a vehicle, or a ROPS/CPD, coming to rest on a rider’s thorax. 
 
5. “Additional loads (including passengers) were observed in 20 of the 56 roll over cases, 

with the most common loads being spray units (n=10) and passengers (n=7).” (p13, 
paragraph 1) 

 
 Any device which substantially restricts the separation of the rider from the ATV in the event 
of a rollover can have adverse effects on injuries, and in particular, upon the potential for pinning 
beneath the vehicle. ATV use guidelines which have more specific recommendations in this 
regard have been developed by DRI and provided to, for example, the US Bureau of Land 
Management (Lenkeit, et al (2006)). Spray tanks, which are mentioned in this statement, 
particularly of the “wrap-around-the-rider” variety, but also any which substantially inhibit the 
rider’s separation from the ATV in the event of an overturn, could conceivably be a potential 
cause of rider pinning and asphyxiation / breathing difficulty. Lower, et al (2010) reports 32 farm 
work-related rollover fatalities. That 10 of these cases had spray tanks represents a large 
percentage. 
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6. “When taken together, terrain described as embankments, river/creek/dam banks, gullies, 
mountains, earthen tank walls and hills accounted for 23 of the reported 56 incidents.” 
(p13, paragraph 2) 

 
 That 41% of the rollover fatalities reported by Lower, et al. (2010) occurred on such 
relatively severe terrain appears to be generally consistent with the terrain types seen in the 
US/UK accident case files used in the DRI research. 
 
7. “With regards to the descriptions of slope, level ground was reported in only 7 cases, slight 

or undulating terrain in 10 cases, and steep or sheer terrain in 20 cases. Slope was not 
reported in 23 of the 56 cases.” (p13, paragraph 2) 

 
 This appears to be generally consistent with the general distribution of slope steepness 
observed in the UK/US ATV accident sample, as indicated in Table 1.  
 

Table 1.  Distribution of slope steepness among AUS fatal sample, UK/US “All rollovers” 
sample, and DRI simulation sample 

Slope Lower Data 
(N = 33) 

(remainder 
(n=94) were 
“unknown”) 

US/UK data 
(N = 77) 

(remainder  
(n=36) were 
“unknown”) 

DRI Simulations 
(N = 

113)(”unknown” 
cases mostly 

assumed to belong 
to “Level” type) 

Level ground 21.2% 7.8% 25.7% 
Slight/Undulating 18.2% 31.2% 14.2% 
Steep/Sheer drop/ 19degrees/30-35 
degrees 

60.6% 61.0% 60.2% (>22.5 
degrees) 

 
As indicated in Table 1, Lower, et al. (2010) reports that 61% (n = 20) of 33 Australian fatal 
rollover cases where slope was reported as “known” involved slopes that were “Steep/Sheer 
drop/ 19degrees/30-35 degrees”. Though Lower’s exact coding conventions are not stated, and 
therefore cannot be directly applied to the UK/US “all rollovers” sample, it can be said of the 
latter that 61% (n = 47) of the 77 US/UK cases where slope was reported as “known” involved 
slopes in the “steep” category (i.e., either verbally, or in terms of reported numerical value). As a 
point of comparison in Table 1, in the original DRI simulations of 113 general “types” of UK/US 
ATV overturns, 60% (n = 68) of the slopes were modelled as being greater than or equal to 22.5 
degrees. 
 
 It is perhaps not surprising that most (i.e., about 60%) of ATV fatal overturns apparently 
occur on (according to the Lower, et al. (2010) data) “steep/sheer drop” slopes, as that is one 
range of conditions in which overturns on off-road terrain can indeed occur (for any wheeled 
vehicle). Most of the remaining approximately 40% of cases are observed, or else can be 
inferred, to involve either large discrete environmental disturbances (e.g., ditch, obstacle, rut, 
etc., as are described in the accident text summaries) or excessively large control inputs by the 
operator, on what is either stated as, or which could reasonably be assumed to be, level, slightly 
sloped or undulating ground. 
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R2 “Proportion of Victorian Hospital Admissions for Quad bike injuries by age group, January 
2005 – December 2009”, Victorian Injury Surveillance Unit (2011) 
 
1. “Due to a lack of hard data on the number of Quad bikes currently in operation in 

Australia and their typical usage cycle, it is difficult to accurately estimate the risks of 
injury or death on a per bike, per hour of use, or kilometres travelled basis. However, a 
simple calculation is possible using the FCAI‟s 2010 estimate of 270,000 Quad bikes in 
use in AustraliaR17, and considering the 20 deaths recorded in the year to date (November 
9th). On this basis the yearly fatality rate currently stands at around 1 death per 13,500 
bikes in use.” (p14, paragraph 2) 

 
 This paragraph, and the subsequent paragraph, appears to be an unrelated discussion by the 
authors on the topic of the Australian (national) fatality rate that does not in fact appear in the 
reference (i.e., the Victorian Injury Surveillance Unit (2011) injury data) being reviewed. It 
appears to be the authors’ insertion, which is unrelated to the reference at hand (which is on 
Victorian hospital (i.e., mostly non-fatal) admissions).  If the authors wanted to introduce this 
topic, it should have been introduced elsewhere in the report, and identified as their own 
estimates, rather than confusing it with a mostly unrelated reference.  
 
 In any case, the authors’ statement that “the yearly fatality rate currently stands at around 1 
death per 13,500 bikes in use” does not mention that this rate has been subject to substantial 
variation from year to year, due to the relative magnitude of the numbers involved (i.e., a change 
of one fatality changes the Australian national ATV fatality rate by 5% to 10%).   
 
 Note that the “current” rate cited (“1 death per 13,500 bikes in use”, equivalent to 7.4 deaths 
per 100,000 vehicles) is somewhat less than that for Australian road vehicles (i.e., 8 deaths per 
100,000 vehicles in 201013). The latter vehicles, which are mostly fully enclosed, ride-inside, on-
road vehicles, are virtually always operated in fully designed, fully regulated, fully controlled, 
fully trained and fully licensed environments. ATVs, which are open, ride-on-top, off-road 
vehicles that have so far virtually always operated in non-designed, non-regulated, non-
controlled, rarely trained and non-licensed environments – are observed to have about the same 
fatality rate as road vehicles. This rate is, for example, roughly 1/10 the rate for on-road 
motorcycles, which is another category of open-straddle-seat-handlebar-helmet-required-ride-on-
top vehicle. Both road vehicles and road motorcycles are part of the workplace for many users. 
 
2. “Quad bikes currently rank as the leading cause of death on Australian farms, and 

outnumber tractor related fatalities two-to-one.” (p14, paragraph 3) 
 
 Within the Wordley and Field (2012) report, this statement, unrelated to the Victorian 
Hospital non-fatal injury reference under discussion, is said to be based on a “Croakey” internet 
                                                            
13 "Statistical Report: International road safety comparison - 2010”, Department of Infrastructure and Transport, Bureau of 
Infrastructure, Transport and Regional Economics, 2012. 
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blog article by Tony Lower (Reference R23) which does not contain any supporting data. It 
might be accurate, but it appears to be in conflict in two different ways with a recent presentation 
by Lower, et al. (2011a) on 2003 to 2006 farm fatality data, that stated that: 
 
 “Data lags[,] and we [The National Farm Injury Data Centre] do not present 

information until 90% of all cases are “closed” by the coroner.”  
 
 If this is the case, then it does not seem possible for 90% of the 2011 cases to have been 
“closed” by the blog posting date of 14 September 2011, as in the past, reaching the 90% point 
had taken several (e.g., 5) years.  
 
 The other apparently conflicting statement from Lower, et al (2011a) is: 
 

 “Of the 326 [Australian farm] deaths in the 2003-2006 period [apparently the 
latest period that had reached the 90% “closed” criterion], six leading agents were 
responsible for 55% (n=181) of all cases: 

 
1. Tractors (runovers & rollovers) - 17%  
2. Dams/water bodies (drowning) - 12%  
3. Quad bikes (rollovers & collisions) - 9%  
4. Farm utilities (unrestrained driver/passenger, riding in tray) - 8%  
5. Motorcycles - 5%  
6. Horses - 4%" 

 
 If accurate, this recent 2011 publication by Lower would indicate that Quad bikes were not 
the leading cause of death on Australian farms in that period, but were third after tractors (many 
of which have ROPS) and dams/water bodies (drowning), and they were nearly tied with deaths 
involving farm utility vehicles. 
 
3. “Several obvious parallels can be drawn between Quad bikes and tractors with regard to 

the implementation of ROPS or CPDs.” (p14, paragraph 3) 
 
 This statement by Wordley and Field (2012), seemingly unrelated to the Victorian Hospital 
non-fatal injury reference under discussion, is based on a false premise, that somehow tractors 
and ATVs are the same type of vehicle, when in fact they are dramatically different types of 
vehicles with very different characteristics, including the following: 
 

− ATVs are straddle-seat-handlebar-steered-helmet-required-rider-on-top-rider-active 
vehicles, whilst tractors are machines that have completely different seating and steering 
layout from an ATV, a passive driver position, large drive wheels next to the driver and 
do not require helmets; 
 

− ATVs have relatively high maximum operating speeds, as they are used for limited 
personal and cargo transport, often on large farms and cattle stations, and for land and 
utility management, etc.; whilst tractors have relatively lower maximum speeds, and are 
machines used primarily for agricultural equipment towing; 
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− ATVs used in Australia have an average mass of less than 300 kg; whilst tractors that 

require ROPS have a mass of more than 560 kg in Australia;14 and more than 800 kg in 
ISO 5700 (2006) for “Tractors for agriculture and forestry - Roll-over protective 
structures (ROPS) - Static test method and acceptance conditions;” 

 
− ATVs, being smaller, lighter and more compact, tend to tumble multiple quarter rolls 

when they overturn, forward, rearward, and sideward, whilst tractors being heavier and 
larger, tend to overturn only one quarter roll sideward; 

 
− ANSI/SVIA-1 ATVs have mostly low profile external surfaces (e.g., seats, mudguards, 

low-inflation tyres, bodywork, etc.), mostly made of flexible materials (e.g., plastic, 
rubber, etc.); whilst tractors’ external surfaces are high profile and mostly rigid (i.e., 
steel, high pressure tyres, etc.); 

 
− ATV riders tend to separate from relatively small, compact ATVs during overturns as a 

result of inertial forces; whilst tractor drivers tend to be entangled by the larger vehicle 
size and components, the typically “dish”-shaped seat, large rear drive tyres, steering 
wheel, and various machine parts; 

 
− As a result of these and other factors, for ATVs, the use of appropriate personal 

protective equipment (i.e., helmet, boots, gloves, etc.) and in an overturn, facilitating 
separation from the vehicle, either as a result of natural forces, or as an intentional 
strategy15, are the most effective means of rider protection; whilst for tractors, from 
which the driver usually does not separate, a ROPS with seat belt is the most effective 
means of driver protection; 

 
− For ATVs, studies with injury monitoring dummies have found that ROPS/CPDs can 

cause additional injuries that did not occur with the baseline ATV; whilst for tractors, 
there are no known such studies or findings. 

 
R3 Investigation of the Net Safety Impact of an Occupant Protection System from [sic] All-
Terrain Vehicles, Piziali, et al. (1993) 
 
1. “In this early work, staff from Failure Analysis Associates in California conducted 

experimental crash testing of a Quad bike fitted with a prototype of the ROPS system 
proposed by Dahle25. The dummy was unhelmeted, and no seat belt or restraint system 
was used.” (p15, paragraph 1) 

 
 The statement that “no seat belt or restraint system was used” is not accurate. Piziali, et al. 
(1993) (p1, column 2, paragraph 2) states that “The following assumptions were made for the 

                                                            
14 See for example http://www.safework.sa.gov.au/uploaded_files/regInfo11.pdf , or 
http://www.worksafe.vic.gov.au/__data/assets/pdf_file/0009/14679/rops_vwa.pdf (accessed 3 October 2012). 

15 Moore, D., A systems analysis of quadbike loss of control events on New Zealand farms, PhD Thesis, Massey 
University, New Zealand, 2008.  
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purpose of our review…Each operator of a D-ROPS-equipped vehicle properly fastens the 
restraints; as noted previously, this is highly conservative [Piziali, et al. 1992]” and  (page 2, 
column 2, paragraph 2) “The crash tests demonstrated likely injury modes for unhelmeted 
restrained operators of ATVs equipped with D-ROPS under the following [rollover, rearward 
pitchover and frontal impact] conditions…” (emphasis added) 
 
2. “These tests employed relatively high speeds which resulted in a high level of predicted 

injuries.” (p15, paragraph 3) 
 
 This statement is not accurate, as the Piziali, et al. (1993) test speeds were not (either mostly 
or particularly) “high speed.” Using the conventions described in Section IV.B, which take into 
account the maximum operating speed of ATVs, the tests were: 
 

− Lateral rollovers at 18 – 24 km/h (11 – 15 mi/h): i.e., “low speed;” 
 
− 90 and 360 degree rearward pitchovers at 13 -14 km/h (8 – 9 mi/h): i.e., “low speed;” and 
 
− Low barrier, pole and oblique frontal impacts at 46 - 47 km/h (29 mi/h); i.e., “mid-

speed.” 
 
Moreover, the average speed of Australian fatal cases reported by Fragar, et al. (2009), for those 
(n = 8) cases where speed was reported, was 50 km/h (31 mi/h), which is higher than the highest 
(i.e., the “medium”) test speed used by Piziali, et al. (1993). This Australian average reported 
fatal case speed of 50 km/h (31 mi/h) is also greater than the average speed for the 113 UK/US 
cases for those (n = 36) cases where speed was reported, which was 36 km/h (22 mi/h). 
 
3. “It should be noted that no tests were conducted for low speed lateral rolls or fore-aft pitch 

overs, which is the range where this design might reasonably be expected to provide the 
most benefits.” (p15, paragraph 3) 

 
 This statement is not accurate. As noted in R3, Item 2 above, and using the conventions 
described in Section IV.B, Piziali, et al. (1993) did involve “low speed” lateral rollovers. Of 
course, part of this difference in view might involve the definition of what “low speed” should 
be. Again, the average speed of Australian fatal cases reported by Fragar, et al. (2009), for those 
(n = 8) cases where speed was reported, was 50 km/h (31 mi/h), which is more than twice the 
pitchover speed, and three times the maximum rollover speed used in Piziali, et al (1993) tests.  
 
4. “Whilst strictly correct, such claims are unfairly made, given the severity of the test 

scenarios chosen…” (p15, paragraph 3) 
 
 This statement is somewhat misleading, as the test scenarios were not particularly severe nor 
at “high speed” in comparison to the average speed of Australian fatal accidents in which the 
speed was reported, as discussed in R3, Comments 2 and 3. 
 
R4 “Preliminary Analysis of the effects of ATV ROPS on rider injury potential”, Van Auken, et 
al. (1996) 

41 



 
1. “A total of 43 different Quad bike roll over accident scenarios were simulated based on 

descriptions from 105 UK HSE recorded accidents.” (p16, paragraph 2) 
 
 This statement is not entirely accurate, as Van Auken, et al. (1996) describes them as 
“rollover configurations” or “rollover accident configurations”, not “scenarios.” 
 

Note that Van Auken, et al. (1996) was entitled “Preliminary Analysis… ” Wordley and 
Field (2012) did not review the more extensive, refined and calibrated simulations in the 
subsequent report in this series, in Van Auken, et al. (1998). The Wordley and Field (2012) 
review is incomplete in this regard. 
 
2. “Due to the limited information contained in these descriptions, many approximations and 

assumptions were required to define each case, and then adapt them to a small range of 
predefined generic terrain models.” (p16, paragraph 3) 

 
 This statement is not accurate and based on a false premise, as the goal was not “to define 
each case”, which would have been impossible, as there was insufficient information to do so. 
Instead, as discussed elsewhere in the current report, and extensively in Zellner, et al. (2012a) 
and Zellner, et al. (2012b), the goal was to define 113 general “types” of ATV overturn, within 
which each specific case conceptually resided, based on the limited available descriptions for the 
case, and plausible assumptions and conventions for the missing variables, in order to describe 
the general category of overturn.  
 
3. “Any data that was provided in the reported descriptions was applied verbatim to the model 

(i.e. the 45 degree slope reported in Case 14).” (p16, paragraph 3) 
 
 The term “verbatim” is not accurate, as slopes were in most cases (with some exceptions 
described in Zellner, et al. (2012a) and Zellner, et al (2012a)) rounded to the nearest 15 degree 
increment, in order to standardize the slopes for test and simulation purposes.16 Furthermore, 
there are several cases with up to 45 degrees slopes in the UK HSE and US CPSC databases. 
 
4. “DRIVER KILLED when YAMAHA PRO-HAULER Quad bike overturned after hitting 

an obstruction.” (p16, table 5, case 24) 
 
 This description from the UK/HSE accident data is accurately transcribed in the Wordley and 
Field (2012) report. However, it indicates a mis-categorization of this case, as a Yamaha Pro-
Hauler is not an ATV but rather a side-by-side vehicle.  
 
 This and two other mis-categorization errors were subsequently detected and removed from 
the DRI updated Quadbar analyses that are described in Zellner, et al. (2012b). Similar mis-
categorization errors are present in the Australian NCIS “quadbike” fatality database, and may 
have distorted the statistical summaries provided by, for example, Fragar, et al. (2009) and 
Lower, et al. (2010) (see Footnote 1). 

                                                            
16 Rounded values for test and simulation conditions have been previously used, for example, in ISO 13232 Part 2 in defining 
motorcycle impact test configurations based on accident data.  
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R5 “All Terrain Vehicle Injuries and Deaths, Rechnitzer, et al. (2003) 
 
1. “…helmets were not used in any of the [MUARC] tests.” (p18, paragraph 3) 
 
 This is an accurate statement. However, not using a helmet is a misuse (i.e., a warned against 
use) of an ATV, and therefore not the only condition Rechnitzer, et al. (2003) should have 
evaluated. They should have also evaluated the “intended use” of the vehicle, which is with a 
helmet.  
 
R6 “Review and Analysis of MUARC Report “ATV Injuries and Deaths”, and Additional 
Simulations and Initial Testing of MUARC ATV Roll over Protection System (ROPS)”, Zellner, 
et al. (2004) 
 
1. “This [DRI] report contains a review and analysis of the 2003 MUARC report “All Terrain 

Vehicle Injuries and Deaths‟ and additional computer simulations of the ROPS system 
proposed by MUARC. Issues identified as part of the review will be examined in Section 6 
of this report.” (p19, paragraph 1) 

 
 This statement is incomplete and therefore somewhat misleading. In addition to the 
“additional computer simulations of the ROPS system proposed by MUARC”, the Zellner, et al. 
(2004) report describes analyses (including structural and weight analyses) and tests (including 
human factors tests). Wordley and Field (2012) ignore and do not describe those findings. 

 
These other tests and analyses found that, in particular:  
 
“…the ATV ROPS was substantially degraded in terms of mobility, pitch stability (both 
static and dynamic), utility and ergonomics in comparison to the baseline ATV. Possible 
improvements to the design could make it be more like the Honda FL 400 dune buggy, which 
however has no utility capabilities, and which has severely restricted ergonomic and mobility 
characteristics.” 

 
R7 “An assessment of the effects of the Robertson V-Bar ROPS on the risk of rider injury due to 
overturns resulting from ATV misuse”, Munoz, et al. (2007) 
 
1. “DRI's computer simulations again used 113 accidents recorded by UK and US authorities 

and included tests both with and without helmets.” (p20, paragraph 3) 
 
 This statement is not accurate as only simulations (i.e., no “tests”) were done by Munoz, et 
al. (2008), who used the simulation models previously calibrated by means of full-scale overturn 
tests reported in Van Auken, et al (1998). 
 
2. “The title of this report and its specific reference to “overturns resulting from ATV [Quad 

bike] misuse” makes the assertion that these 113 incidents all occurred as a result of 
misuse on behalf of the users. Such statements appear to avoid the implication of any 
liability on behalf of Quad bike manufacturers for safe design based on foreseeable use, by 
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attributing blame for these incidents to the riders. This assumption is not supported by the 
incident descriptions, many of which describe riders undertaking innocuous, everyday 
activities which have ultimately led to their deaths.” (p20, paragraph 3) 

 
 These statements are not accurate. The title of the Munoz, et al. (2008) DRI report includes 
the term “misuse” in order to emphasize that this particular study was focused on “misuse” (i.e., 
warned against behaviours, particularly overturns), rather than “intended use” (i.e., as was 
evaluated in the previous DRI tests related to mobility, pitch stability, utility and ergonomics) 
which was one of the main focuses of the previous Zellner, et al. (2004) companion report 
prepared for the Victorian Coronial hearings.  

 Half of the 452 simulations that were the subject of the Munoz, et al. (2008) report were by 
definition “misuse” conditions, as they involved not using helmets on ATVs, an explicitly  
warned against behaviour. All 452 simulations were more broadly “misuse” conditions as there 
are substantial warnings (on ANSI/SVIA-1 warning labels17, and in ATV owner’s manuals18) 
regarding, respectively:  
 

− “Never operate at speeds too fast for your skill or conditions”,  
− “Use proper riding techniques to avoid overturns on hills and rough terrains and in  

turns”19 
 

and 
 
−        “When riding, always keep all four wheels on the ground.”20 

−       “Operating on excessively steep hills can cause the vehicle to overturn more easily than 
operating on level surfaces or small hills. Never operate the ATV on hills too steep for 
the ATV or for your abilities.”21 

−        “When climbing hills, you must shift weight toward the front wheels to help keep them 
on the ground.”22 

 Since operating an ATV in a manner that results in “all 4 wheels [not being] in contact with the 
ground” is a warned against behaviour, all of the 452 overturn simulations studied in Munoz, et 
al. (2007) could be considered to be “misuses” in nature, i.e., not part of the normal “intended 
use” of an ATV. 
 
 In addition, this statement is not accurate because the vast majority of the 113 UK/US cases 
had descriptions that involved some form of “misuse” (i.e., explicitly warned against behaviours) 
beyond all 4 wheels [not being] in contact with the ground,” including non-use of helmets, 
children under 16 riding adult ATVs, passengers riding on single seat (i.e., Type I) ATVs, riding 
on public roads, leaning downhill on a cross-slope, etc. 
                                                            
17 ANSI/SVIA1-2010, Warning Labels. 
18 Honda Owner’s Manual, 2004. 
19 ANSI/SVIA1-2010, Warning Labels.  
20 Honda Owner’s Manual, p93 
21 op. cit., p113 
22 op. cit., p113 
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 Further, the analysis reported by Heiden (2003) of accident data collected by the Consumer 
Product Safety Commission estimated that 92% of ATV fatalities were the result of user neglect 
of on-vehicle warning labels, and the remaining deaths were the result of other forms of misuse 
warned against in owner's manuals.23  
 
 Moreover, the statement “that have ultimately led to their deaths” is not accurate, because the 
vast majority of the 113 subject UK/US cases were not fatalities (i.e., only 6 cases were 
fatalities). 
 
 In summary the term “misuse” was used in the Munoz, et al. (2007) report title to distinguish 
the analysis from the immediately prior study that included normal, intended use. 
 
3. “The [DRI] results show a 1% improvement in the risk benefit ratio for helmeted riders 

due to the addition of the Quad Bar, and a 29% improvement in this ratio for unhelmeted 
riders.” (p21, paragraph 1) 

 This statement is completely inaccurate and nonsensical. The Munoz, et al. (2007) report 
found that, for helmeted riders, the injury risks of fitting the Quadbar (i.e. the new injuries 
created by it) were 99% of the injury benefits of fitting the Quadbar (i.e., the injuries reduced by 
it). This is categorically not the same as a “1% improvement in risk benefit ratio… due to the 
addition of the Quad Bar”.  
 
 To begin with, “risk/benefit ratio” (or risk/benefit percentage) is associated with adding a 
safety device, and so the “risk/benefit ratio” does not exist before the device is added. Therefore 
the “risk/benefit ratio” cannot be “improved” by adding a device.  
 
 Secondly, the risk/benefit ratio describes the relative amount of injury risks and injury 
benefits associated with adding a safety device. The goal is to that the safety device adds no (i.e., 
zero) injury risk (i.e., as with any health and safety intervention, that it “first cause[s] no harm”), 
but a large injury benefit, or in other words, that it has a 0% risk/benefit ratio. Some acceptable 
safety devices (e.g., driver airbags, at 3% risk-benefit ratio24) achieve a risk/benefit level close to 
that. In summary, the greater the injury benefits, and the smaller the injury risks that result from 
adding a safety device, the better the device.   
 
 Note that there are no known acceptable automotive safety devices worldwide that have an 
injury or fatality risk/benefit percentage greater than 7%. 
 
 Wordley and Field (2012) might have meant that “the [DRI] results show a “1% net 
benefit…due to addition of the Quad Bar.” However, that interpretation is also incorrect. As 
described in Zellner, et al. (2012a), 99% risk/benefit percentage is categorically not equivalent to 
a net injury benefit of 1%, and one cannot calculate net benefit from the risk/benefit percentage, 

                                                            
23 Heiden, E.J., Comments on the CPSC ANPR on ATV Safety, submitted to CPSC in response to ANPR, December 2005. 
24 Table 6 of Iijima, et al (1998), based on Special Crash Report on Airbags, National Center for Statistics and 
Analysis, National Highway Traffic Safety Administration, US Department of Transportation, Washington, DC, 
March 1998. 
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as they are entirely independent of one another. A 99% risk/benefit percentage can have a net 
benefit anywhere between 0% and 1%. 
 
 The “29% improvement…for unhelmeted riders” is also not correct and nonsensical. The 
Quadbar injury risk/benefit percentage for the unhelmeted condition was 71%, rather than the 
goal of “less than 7%”, and this fact has nothing to do with an “improvement in the risk benefit 
ratio”, or with “net benefit”, which are entirely unrelated concepts. 
 
 In any case, these results are now out of date as the latest DRI research reported in Zellner, et 
al. (2012b) found that, after taking account of, addressing and correcting for all valid comments 
on the previous DRI research, the updated and refined estimate of Quadbar injury risk/benefit 
percentage was 108% for the helmeted condition and 492% for the unhelmeted condition, 
relative to the baseline helmeted (i.e., intended use) of an ATV.    
 
4. “DRI dismisses these results as statistically insignificant on the basis that their calculated 

95% confidence interval for these results encompasses the baseline ratio (100%).” (p21, 
paragraph 1) 

 
 This statistically insignificant result has nothing to do with “dismissing”, as it just describes 
the results of a standard statistical test that was run in order to extend the sample results to the 
population of all overturns. 
 
 The test of statistical significance is applied when one extends the results for a “sample” (in 
this case, the simulations of 113 types of overturn) to the “population” (in this case, all possible 
future ATV overturns). The results of that statistical test were found to be statistically 
insignificant because the 95 percent confidence interval for the population estimate includes 
100% risk/benefit percentage. That is, because of the relatively large amount of variability in the 
rollover outcomes in the sample, one cannot say with a high degree of certainty that for the 
population of all overturns, the injury benefits of the Quadbar are different in magnitude from the 
injury risks, so, statistically speaking, the injury risks of the Quadbar are effectively “equal” to 
the injury benefits of the Quadbar. In other words, the Quadbar prevents some injuries but 
creates an equal number of new injuries that did not previously exist, and therefore has no net 
effect on total injuries. 
 
R8 “Report on the Quad Bar in Relations to ATV Roll over crash worthiness”, Grzebieta, et al. 
(2007) 
 
 As DRI has not previously commented on the Grzebieta, et al. (2007) report, the following is 
a summary of comments on it, before proceeding to the review by Wordley and Field (2012) of 
that report. 

 
The Grzebieta, et al. (2007) report: 
 
− Modelled and used a Hybrid III car frontal crash dummy, which has no lateral, rearward 

or vertical biofidelity (i.e., human-like force and motion response capability) to evaluate 
lateral, rearward and forward overturns. In addition the Hybrid III dummy cannot 
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properly sit on a straddle seat, retain a helmet, or grasp the handlebars of an ATV. The 
ISO MATD dummy has 28 special modifications to a Hybrid III dummy which make it 
suitable for these applications, however, Grzebieta, et al. (2007) chose not to model an 
MATD dummy. For these reasons, the Grzebieta, et al (2007) choice of the Hybrid III 
dummy was inappropriate, which invalidates its findings; 
 

− Used injury indices and AIS injury correlations of Eppinger, et al. (1999)25 for a Hybrid 
III frontal crash dummy but, like this dummy itself, these are not applicable to lateral, or 
rearward overturns, nor to vertical impacts in a frontal rollover. ISO 13232 (2005) has 
injury indices and AIS correlations that include lateral, frontal, vertical and rearward 
directions. The Grzebieta, et al. (2007) choice of injury indices and correlations was 
inappropriate and invalidates the results; 
 

− Only modelled the unhelmeted condition. The unhelmeted condition is a misuse (i.e., a 
warned against use) of an ATV, and therefore not the only condition that should have 
been evaluated. Grzebieta, et al (2007) should have also evaluated the intended use of the 
vehicle, which is with a helmet; 
 

− In describing the Zellner, et al. (2004) report from which Grzebieta, et al (2007) drew its 
9 accident cases, Grzebieta, et al (2007) mistakenly confused DRI’s modelling of 113 
general “types” of overturn with a supposed attempt to model the 113 actual cases and 
injuries in detail, which was not done by DRI, and which would have been impossible, 
due to the very limited amount of human, vehicle, environment, accident and injury 
information available. Nevertheless Grzebieta attempted to do so, for 9 of the cases; 
 

− Selected 9 cases for which the DRI model of the general “type” of overturn, with the 
MUARC ROPS, gave fatal outcomes. This was despite Grzebieta, et al (2007) 
proceeding to attempt to model the corresponding 9 specific actual cases themselves. 
This unusual procedure would seem to produce modelled conditions that had no 
particular significance or meaning (i.e., they could not possibly reproduce the actual 
accidents, as there was insufficient case information to do so; and at the same time they 
were different from and therefore not comparable to the DRI general “types” of 
overturn); 
 

− Used only 9 cases, which is too few for any statistically significant outcomes. Further, 
these 9 cases were selected to “examine cases that produce the most severe injury when 
the ROPS is fitted to the ATV, according to DRI modelling” (Grzebieta, et al. (2007), p 
10), and are therefore a biased sample (i.e., not are statistically representative of ATV 
overturns); 
 

− Incorrectly stated that the DRI report and references do not explain the methods of 
assessing injuries26. This is not accurate, as the DRI report extensively references 

                                                            
25 Eppinger R., Sun E., Kuppa S., Saul R., Development of Improved Injury Criteria for the Assessment of Advanced 
Automotive Restraint Systems – II, NHTSA, 1999. 
26  Grzebieta, et al. (2007), p10. 
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International Standard ISO 13232-5, which contains all necessary details for assessing 
injuries, including computer software source code, equations and the like; 
 

−  States that case-by-case analysis is the only way to evaluate protective devices, rather 
than “bulk analysis”27.  This statement is invalid on its face, because: a) the case 
information is too vague and incomplete to enable specific cases to be modelled; b) 9 or 
10 cases is far too small a sample of cases (even if the case information were complete) 
to enable statistically significant results to be identified; and c) it does not address how a 
manufacturer, for example, is to consider all uses and misuses of a product. Further, 
selecting cases based on “researcher interest” can result in biased samples and therefore 
biased conclusions; 
 

− Notes that in the frontal overturn the “Quad[b]ar lands on the rider’s right rib cage”28 and 
that “It appears to be an increased risk in frontal rollovers as the Quad-bar may come into 
contact with the rider when the full weight of the ATV is behind it.” This result of 
Grzebieta, et al (2007) indicates that the Quadbar violates the “First do no harm” 
principle of safety interventions29; 
 

− In addition, appears to attempt to minimize this concern by stating, without any 
supporting data, that “There is potential to further develop an engineered solution to 
help limit the frontal rollover and therefore this risk.” No discussion or evidence is 
provided to support the claim that a reasonably practicable means to “limit the frontal 
rollover” could be developed. 
 

− Focuses on overly specific narrow circumstances where the Quadbar appears to have 
benefits, and extrapolates them without basis to broader categories of overturns, for 
example:  
 

“Based on the available evidence from previous reports A/Prof. Grzebieta has co-
authored and the MADYMO analysis of a slow rollover case where the ATV was 
found to settle on top of the thrown rider, it is the authors’ considered opinion that 
that the Quad-bar would help mitigate the injuries resulting from rollover type 
crashes. The Quad-bar’s extension helps to stop the ATV from continuing to roll 
down the slope, restricting it to one quarter turn in cases where the slope is 20 
degrees or less and in rearward rollovers and power takeoff cases. In low speed 
small slope rollovers similar to the Crole and Shepard cases, the Quadbar 

                                                            
27 op. cit., p11. 
28 op. cit., p44. 
29  Examples of this principle that are found in US/DOT/NHTSA documents include: 1) "NHTSA sent a letter to 
twenty-one vehicle manufacturers urging them to personally ensure that their side-mounted air bags are designed to 
"do no harm" to occupants." (Report to Congress, Status of NHTSA plan for Side Impact Regulation Harmonization 
and Upgrade, NHTSA, March 1999); 2) "New technology or regulations can both have unintended consequences. 
We will therefore proceed expeditiously but deliberately. The physician’s overriding ethic is "first, do no harm" 
(The Honorable Jeffrey W. Runge, M.D., Administrator, National Highway Traffic Safety Administration before the 
Committee On Commerce, Science, and Transportation, United States Senate, February 26, 2003). 
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provides a space between the ATV’s mudguards and ground surface for the rider 
to be able to crawl out from under the ATV.” 

 
This a) ignores the many types of overturns described in the latest DRI research of 
Zellner, et al. (2012a) in which the baseline ATV did not “settle on top of the thrown 
dummy”, but the Quadbar ATV did settle (typically on its side) on the dummy; and b) 
ignores the fact that the Quadbar in “restricting [rollover] to one quarter turn”, tends to 
reduce the separation between the ATV and the rider, which results in greater likelihood 
of contacts between the ATV and the dummy, as well as between the Quadbar itself 
(which did not previously exist on the baseline ATV) and the dummy. 
 

− Mistakenly states that one of the UK/US cases has a slope of “77 degrees”, when the 
US/CPSC coding manual says that a “slope2” code of “77” denotes “other;” 
 

− Mistakenly claims that Case Six has a speed of “8[8]” mi/h, when the US/CPSC coding 
manual conventions uses “88” to denote “unknown;” 
 

− Without basis asserts that the speed in one of the US/CPSC cases30 is “more than 
required for agricultural purposes.” This seems to: a) ignore the fact that ATVs are often 
used to transport one person with limited cargo across large farms and cattle stations; b) 
take no account of the fact that the average speed for Australian fatal ATV cases reported 
by Fragar, et al. (2009), for those (n = 8) cases where speed was reported, was 
approximately 50 km/h (31 mi/h), with two fatal cases being in excess of 60 km/h (37 
mi/h). Fragar et al. (2009) state (without supporting data) that “There was wide variation, 
with 80% of riders operating their cycles at average speeds of less than 50 k[m/]h [(31 
mi/h)], except in cane and cotton where speeds are reportedly higher.” Grzebieta, et al. 
(2009) appears to have a narrower view of “agricultural purposes” than what is cited by 
the National Farm Injury Data Centre. 
 

− Appears to misuse the term “power takeoff” in the sentence “The Quad-bar’s extension 
helps to stop the ATV from continuing to roll down the slope, restricting it to one 
quarter turn in cases where the slope is 20 degrees or less and in rearward rollovers 
and power takeoff cases.” In fact, there were no cases involving overturn with a “power 
takeoff” (i.e., a special mechanical connection to the ATV’s drivetrain, which uses the 
ATV’s drivetrain to drive auxiliary tools or machines) in the cases modelled by 
Grzebieta, et al. (2009). Conceivably, instead, this might be referring to cases in which 
the rider suddenly and substantially opens the throttle, which has nothing to do with 
“power take off.” 

 
The additional comments regarding the Wordley and Field (2012) summary of Grzebieta, et al. 
(2007) are: 
 
1. “The study used a subset of nine cases from the 113 cases utilised in the research 

conducted by DRI R7.” (p21, paragraph 2) 
                                                            
30 In which a “28 year old [was] driving a 350cc ATV on a bumpy icy surface. Whilst turning left on a level slope at 56 km/h…”, 
Grzebieta, et al (2007), p38, paragraph 1. 

49 



 
 As discussed in Section VI, R8, Bullet 6 above, nine cases is far too few for the findings to 
have any statistical significance. In addition, these nine cases were “utilised in the research 
conducted by DRI” in an entirely different way than they were utilized by Grzebieta, et al. 
(2007). In particular, DRI used the limited information available in the cases to define general 
“types” of baseline ATV, dummy and environment overturns, within which “type” the specific 
case is presumed to lie.   
 
 Grzebieta, et al. (2007), on the other hand, utilized the case files to attempt to reconstruct the 
actual original cases, for which the available information was far too limited. For example, the 
Grzebieta, et al. (2007) “Case One” information (Case 09 in the original UK/HSE case file) does 
not state the age, gender, size or helmet wearing status of the rider; or the size of the ATV 
(which could have been from small to large), the height of the kerb or fence, the offset of the 
fence from the kerb, etc., and many dozens of other variables that could affect the injuries. Yet 
Grzebieta, et al. (2007) proceeded to try to model these variables (i.e., “Various assumptions 
were therefore used to attempt to correctly [emphasis added] model the real life case”, Grzebieta, 
et al. (2007), p13) as if they were in fact known; and then to adjust them in some undefined way 
so as to roughly match the original case injuries (which being lacerations and contusions in this 
case, are not monitor-able by a crash dummy). The kerb was assumed to be 0.5 m (20 inches) 
high (i.e., a bit high, even for the UK), the kerb strike angle was assumed to be relatively large, 
and the speed relatively low (i.e., 25 km/h (15 mi/h)), with no explanation provided for any of 
these assumptions.  
 
 For this general “type” (i.e., category) of overturn, DRI assumed that the general category of 
overturn was a “kerb strike” (i.e., not a “kerb strike next to a barbed wire fence”), and that a 
medium to high speed (e.g., 52 km/h (32 mi/h) could be associated with this “type” of overturn 
(Presumably, this is a somewhat uniquely UK “type”, as the UK is relatively exceptional in its 
use of kerbs in rural settings. These kerbs also may imply the presence of an adjacent 
paved/sealed road (which, if accurate, would verify that this is an ATV “misuse” case, as 
operation on paved/sealed surfaces is warned against on ATV warning labels). Therefore, being 
in all likelihood on a road, the overturn was therefore potentially at a relatively medium to high 
speed. The “barbed wire fence” mentioned in the case file was not significantly injurious, and it 
was therefore assumed by DRI not to be part of this general “type” of overturn. DRI modelled 
this type of overturn with a helmet on the dummy as the baseline intended use, and in addition, 
an unhelmeted condition was assessed, as a systematic check of this common type of misuse. 
 
 The foregoing illustrates the very different approaches to the same, limited information in the 
same case file. 
 
2. “Grzebieta and Achilles simulated these cases using the MADYMO biometric model…” 

(p21, paragraph 2) 
 
 “Biometric” is an improper and irrelevant term in the context of this sentence. The Oxford 
Dictionary defines “biometric” as the “application of statistical analysis to biological data” (as in 
computer-aided identification of fingerprints, iris patterns, etc.), which has nothing to do with 
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crash dummies. The usual term used to describe crash dummies is “anthropometric” or 
“anthropomorphic”, as in “anthropometric (or anthropomorphic) test device” (ATD).  
 
3. “The addition of the Quad Bar was found to reduce injuries resulting from most rear roll 

over scenarios and some low speed, low slope scenarios.” (p21, paragraph 3) 
 
 This summary is somewhat misleading, as “most” and “some” in this sentence must be 
considered in the context of there being only nine simulation scenarios, which is far too small a 
sample to have any statistical significance. In addition, it is a biased sample, based on the criteria 
used to select the cases. 
 
 In addition, in images presented in at least two of the nine scenarios, the Quadbar can be seen 
to impact, or nearly impact, the spine/rib cage of the dummy; and the report states (p43) that 
“the Quadbar actually lands on the rider’s right rib cage during the rollover” and that “[the 
Quadbar] appears to be an increased risk in frontal rollovers as the Quad-bar may come 
into contact with the rider when the full weight of the ATV is behind it. There is potential 
to further develop an engineered solution to help limit the frontal rollover and therefore 
this risk” [emphasis added]. No mention is made of how one might “help limit the frontal 
rollover and therefore this risk”, and there is no indication that the Quadbar device now being 
marketed has done this. 
 
 In addition, vehicle manufacturers must consider not only special cases in which a design 
may work; but in general must also consider the full range of vehicle intended use and 
foreseeable misuse, which this statement in the Wordley and Field (2012) report seems to 
neglect. 
 
4. “They [i.e., Grzebieta and Achilles (2007)] also identified some potential for increased risk 

in frontal roll overs, as the Quad Bar may come into contact with the rider with the weight 
of the Quad bike behind it.” (p22, top of page) 

 
 As a significant omission, this potentially important finding of Grzebieta, et al. (2007), 
reported in this section of the Wordley and Field (2012) report, does not appear in the Wordley 
and Field (2012) “Executive Summary”, “Summary Overview” or “Recommendations.” In 
addition, this finding of Grzebieta, et al. (2007) indicates that the Quadbar appears to violate or 
ignore the “First do no harm” principle of safety interventions. 
 
 DRI’s latest updated research on the Quadbar reported in Zellner, et al. (2012b) has also 
detected a large number of such “com[ing] into contact” occurrences, which in their effects on 
predicted injuries contributed to the overall finding that the injury and fatality risks of the 
Quadbar were greater than its injury and fatality benefits.  
 
5. Grzebieta further stated that in light of his previous research in this area, it was his 

considered opinion the Quad Bar would help mitigate the injuries resulting from roll over 
type crashes. He considered that the Quad Bar would help to stop the Quad bike from 
continuing to roll down the slope, and restrict it to one quarter roll in cases where: the 
slope is 20 degrees or less; in rearward roll overs; and power takeoff cases.” (p22, top of 
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page). “In low speed, small slope roll overs similar to the additional tenth case 
simulated30, the Quad Bar was observed to provide a space between the Quad bike’s 
mudguards and ground surface for the rider to be able to crawl out from under the bike, 
and presumably avoiding the full weight of the bike being exerted upon them.” (p22, top of 
page) 

 
In  addition to Grzebieta, et al. (2009) focusing on the overly specific and narrow circumstances 
in which they believe the Quadbar is effective, as discussed above in R8, Bullet 11, this 
summary by Wordley and Field (2012) is incomplete and deficient, in that it omits the harmful 
effect of the Quadbar that Grzebieta, et al. (2007) mention in the previous paragraph, that states 
that the Quadbar “appears to be an increased risk in frontal rollovers as the Quad-bar may come 
into contact with the rider when the full weight of the ATV is behind it.” This key omission 
ignores the “First do no harm” principle of safety interventions. 
 
R9 “Injury risk-benefit analysis of roll  over protection systems (ROPS) for all terrain vehicles 
(ATVs) using computer simulation, full scale testing and ISO 13232”, Zellner, et al. (2008)  
 
1. “These 113 cases were increased by a factor of six, via the introduction of small (and 

unreported) variations which were made to the initial test conditions.” (p22, paragraph 1) 
 
 This statement is now out of date, as Zellner, et al. (2012b) fully describes the “variations” 
and the process used to define them. Those descriptions were not included in the Zellner, et al. 
(2008) conference paper, due to the page limit imposed by that conference, as further discussed 
in Section IX, 8.2, Comment 8. 
 
2. “Based on these results, the authors argue that either the ROPS had no statistically 

significant net injury benefit, or if there was a ROPS net benefit, then the ROPS 
risk/benefit percentage was much greater than their presumed allowable limit, in this case 
12%.” (p24, paragraph 1) 

 
 This mischaracterizes the conclusions as the authors “argu[ing]”, whereas it is a statistical 
fact that when a population estimate is made, based upon a “sample” (in this case, the simulation 
sample), as is commonly done worldwide in countless scientific studies, the particular treatments 
either have or do not have a statistically significant effect. In this case, the treatments (i.e., the 
ROPS/CPDs) did not have a statistically significant effect. 
 
 Secondly this statement is not accurate as it describes the upper recommended limit in 
International Standard ISO 13232-531 as “their [DRI’s] presumed allowable limit.” The criterion 
in question has nothing to do with a DRI “presumed allowable limit”, as the guideline in 
question appears in an International Standard, and is not a presumption by DRI. Moreover it is a 
“suggested reference guideline”, as clearly stated in the Standard, not a “presumed allowable 
limit.”  
 
 In addition, in fact, there are no acceptable automotive safety devices worldwide with a 
fatality or injury risk/benefit ratio greater than 7 percent (e.g., Thompson, et al. (2001)). 
                                                            
31 International Standard ISO 13232-5, Annex E, paragraph 1. 
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R10 “ATV Roll over Protection Structure”, Sulman, et al. (2007) 
 
1. “These [Sulman] tests showed that Quad Bar tested would meet these standards for a 

Quad bike of mass up to and including 290kg. Pictures from these tests are shown in 
Figure 13.” (p24, Paragraph 2) 

 
 This standard, and these tests done by Sulman, only address the structural strength of the 
Quadbar, and have nothing to do with injury-monitoring crash dummy tests, none of which have 
been done to date by the makers or proponents of the Quadbar. The NZ Standard used by Sulman 
(2007) and the associated tests mistakenly assume that an unrestrained rider somehow is able to 
stay within the protective space provided by a device (in the NZ Standard, possibly by assuming 
that a restraint belt is available and is used). However, there is abundant full-scale test evidence 
and computer simulation evidence indicating that unrestrained crash dummies virtually always 
leave the “protective space” of a ROPS/CPD in an ATV overturn (as is the case with the 
Quadbar), more or less regardless of initial speed; and in doing so, can often be impacted by a 
roll bar-type device; or by the vehicle itself, the trajectory of which has been substantially 
affected by the roll bar, in ways which demonstrably do not occur without the roll bar. 
 
R11 “QB Industries, Quad Bar Tests, Model 401”, Ridge (2009) 
 
1. “The author [Ridge] conducted the testing according to the recommendations of ISO 

5700-2006 which is a standard generally used for small tractors (weighing less than 600 kg 
and track widths less that 1150 mm) but can be extrapolated to Quad bikes.” (p24, 
paragraph 3) 

 
 The second half of this sentence is not accurate, as the Scope of International Standard ISO 
5700-2006 states that “It is applicable to tractors having at least two axles for wheels mounted 
with pneumatic tyres, or having tracks instead of wheels, with an unballasted tractor mass of not 
less than 800 kg and a minimum track width of the rear wheels greater than 1 150 mm.” In 
contrast to this, the ANSI/SVIA-1 ATVs imported into Australia weigh on average less than 300 
kg. In addition, tractor ROPS/CPDs in Australia are limited to tractors in excess of 560 kg, and 
are in general fitted with a restraint belt, which the Quadbar does not have. 

53 



2. “The results of this test show that this iteration of the Quad Bar design satisfied the 
requirements for a 300 Kg Quad bike.” (p24, paragraph 3) 

 
 Again, this test done by Ridge (2009) is a structural strength test and like the Sulman, et al. 
(2007) structural tests in R10 above, has nothing to do with injury-monitoring crash dummy 
tests, none of which have been done to date by the makers of the Quadbar. The NZ Standard and 
the associated tests presume that an unrestrained rider is somehow able to stay within the 
protective space provided by a device. However, there is abundant full-scale test evidence and 
computer simulation evidence indicating that crash dummies virtually always leave the 
protective space when there are no belts or other restraints (which is the case with the Quadbar), 
more or less regardless of initial speed; and in doing so can often be impacted by a roll bar-type 
device; or by the vehicle itself, the trajectory of which has been substantially affected by the roll 
bar in ways which do not occur without the device. 
 
R12 “An assessment of passive roll over protection of Quad Bikes”, Snook (2009) 
 
 As DRI has not previously commented on the Snook (2009) report, the following is a 
summary of DRI’s comments on it, before proceeding to the review by Wordley and Field 
(2012) of the Snook (2009) report. 

 
 The Snook (2009) report: 

 
− In not accounting for rider motions and injury monitoring, is a purely subjective and 

speculative test that assumes that an imaginary unrestrained rider is somehow able to 
“stay within” the protective space defined by the CPD, whilst being acted upon by the 
lateral and other forces involved in an overturn.  Full-scale overturn tests with 
instrumented crash dummies have found that when the dummy is not belted, it almost 
always leaves any “protected space”, partially or fully, even at zero initial speed and, in 
doing so, is often impacted by the ATV and/or the CPD and/or the ground in ways that it 
was not impacted without the CPD. Further, the presence of a rider will generally affect 
the motions of the ATV, and this affect is not accounted for in tests without a dummy 
 

− In its “Abstract” inaccurately refers to “A test apparatus and test procedure have been 
proposed to test the effectiveness of a system to arrest the potential for harm during 
back flip or sideways roll over of a quad bike during normal use” [emphasis added] 
(Snook, p2). As discussed in Section VI, R7, any use that involves warned-against 
behaviours are by definition “misuses” (i.e., as warned against in owner’s manuals, e.g., 
“Do not turn at excessive speeds such as a speed that all 4 wheels are not in contact with 
the ground”, “Never operate the ATV on hills too steep for the ATV or for your abilities 
such as where two or more wheels might come off the ground”, etc., etc., etc. 32 and are 
not the “normal use” of the vehicle. 
 

− In its “Introduction” refers to “the effectiveness of the Quad[b]ar passive roll over 
protection device in arresting the roll of an ATV” (Snook (2009), p2). However, 

                                                            
32  See Footnote 18. 
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“arresting the roll”, without restraining the rider, can have adverse effects, in that the 
separation distance between rider and ATV can be reduced (because, typically, the ATV 
tends to “roll” farther than the dummy) and this increases the likelihood of contact 
between the ATV/CPD and rider. This tendency has been observed in the latest DRI 
research reported in Zellner, et al (2012b), wherein across 770 overturn simulations, the 
Quadbar tended to reduce the number of quarter rolls, thereby reducing the final 
separation distance between the ATV and dummy, increasing the number of contacts 
between ATV/Quadbar and dummy, as well as the predicted injuries and probabilities of 
fatality, as a result of adding the Quadbar. 
 

− States without basis that “the primary focus is on incidents where the vehicles are used 
sensibly by trained personnel, particularly whilst conducting regular farm and other 
“in the field” activities” [emphasis added] (Snook (2009), p2). However, as noted in 
R12, Bullet 1 above, an overturn is by definition an incident for which the warnings (in 
the warning labels and owner’s manuals) have not been followed, and therefore such an 
incident is not “sensibl[e]” or “regular.” 
 

− States that “During a roll over sequence the rider is assumed to be loosely de-coupled 
from the vehicle (that is, the rider mass and inertia have a minimal effect on the 
vehicle dynamics).” [emphasis added]. This statement is misleading, as the rider’s effects 
on the vehicle dynamics might be “minimal” as, after separation of the rider from the 
ATV, they are theoretically “decoupled” from the vehicle, but they can also be 
effectively coupled and substantial during the early and intermediate phases of an 
overturn. For example, during the early phases of an overturn, and perhaps well into it, 
the rider is straddling the ATV seat, and interacts with the ATV via pressure exerted on 
the seat, footrests and handlebars, which of course affects the motions of the ATV. The 
onset of the overturn itself is often associated with the location of combined centres of 
mass of the rider and the ATV in relation to the directions and effective application 
points of forces acting on the tyres, so that during the early stages of an overturn, the 
rider mass and centre of mass has an effect on the motion of the ATV. In addition, during 
later stages of an overturn, the ATV and/or the CPD can impact the rider, and this by 
definition affects the subsequent motions of the ATV/CPD. For a typical adult rider and 
ATV, the rider mass can be 1/3 to 1/4 of the ATV mass, so all contacts between the rider 
and ATV can substantially affect the motion of the ATV. Equally importantly, the ATV’s 
substantial vehicle dynamic effects on the rider are ignored by this assumption, and as 
discussed above, it is mistakenly assumed that a rider can somehow stay within the CPD 
“protective space” during a highly dynamic overturn event. 
 

− States without basis that “an apparatus has been developed that consistently places the 
ATV at the point of roll with linear and angular momentum commensurate with those 
experienced in an actual roll over event.” No basis is provided for identifying what the 
values of linear and angular momentum of an ATV may be, during a real overturn, nor 
how this apparatus provides values that are “commensurate” with them. ATVs generally 
do not slide sideways at relatively high speed, on a frictionless surface, and then “trip” on 
a mechanical stop, so the initial linear momentum provided by the apparatus for the 
sideward test by definition cannot be “typical”, “correct” or “commensurate.” Likewise, 
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it seems likely that the angular momentum induced by the lateral “trip” mechanical stop 
would be far greater than in real ATV low speed overturns discussed at various places in 
the Snook (2009) report, and as observed in ATV full-scale tests involving lateral 
rollovers, which full-scale test data, as in Van Auken (1998), indicate tend to be more 
gradual. 

 
− Describes an apparatus which provides a sudden, impulsive, artificial, relatively high 

speed, “tripped” rotation. This apparatus was not demonstrated to work in forward pitch 
overturns, or in combined axis overturns, such as yaw/roll, pitch/roll, yaw/pitch/roll, 
which occur in real ATV overturns, and which are relevant. 
 

− The “stop” bar of the apparatus interacts with the tyre sidewalls or tread to “trip” the 
ATV; therefore the angular speed resulting from the trip strongly depends on the 
particular ATV’s tyre characteristics (e.g., stiffness, damping, inflation pressure, etc.). 
This means that one could change the outcome of the test of a CPD merely by changing 
the tyres used, which is not reasonable. 
 

− States that “the ATV handle bars and instrument cluster were replaced by more durable 
and replaceable surrogates with equivalent mass and stiffness.” The photographs of the 
“surrogate handlebars” indicate that they are straight, and unlike the shape of the original 
handlebars. These surrogates affect and change the motions of the ATV during their 
contact with the ground, and affect the point of rest, energy absorption, ATV interaction 
with the rider, etc. 
 

− States incorrectly and misleadingly that, for example, “Table 1 shows … the unprotected 
ATV final rest position is upside down in close proximity to the roll point (figure 5), 
where the rider may become trapped beneath the vehicle.”  A rider can be trapped under 
a vehicle in any number of quarter rolls (e.g., 1/4, 2/4, 3/4 , 4/4, 5/4, etc.), and ATV 
accident descriptions have indicated trapping under the ATV “side” or “bottom” can be 
as injurious or fatal as trapping under the ATV “top” (i.e., upside down)33.  
 

− Tables 1, 2, and 5 indicate some variability in test outcomes, for the nominally very 
similar initial conditions (i.e., Table 1, Row 4 versus Rows 2 and 3; and Table 2, Row 2 
versus Row 1; Table 5, Row 3 versus Row 2). In addition, the initial conditions vary 
somewhat, sufficiently to produce different outcomes; 
 

− In Figure 8, the surrogate handlebar, which is not part of the original ATV, appears to 
have arrested the roll, and is holding the Quadbar off the ground; 
 

− Table3, indicates that the final resting positions is “on its side”, which can be as 
injurious/fatal as “upside down”34; 
 

                                                            
33 See Footnote 2. 
34 See Footnote 2. 
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− Table 4 indicates that the Quadbar sustained forces of 1255 N (282 lb) which depending 
on the area of contact, can be sufficient to be injurious to an unhelmeted rider’s head, or 
his/her neck or chest, if the rider is impacted by it or caught between ground and 
Quadbar. One would expect even higher Quadbar forces at higher speeds. 
 

− States somewhat misleadingly and based on a false premise, that “As shown in table 5, 
rolls initiated by an average speed of 5.4 km/hr were demonstrably arrested by the 
Quad Bar device with the ATV resting on its side” (Snook (2009), p20). As previously 
noted (see R12, Bullet 3), the rolls being “arrested” can be harmful, as it means the rider 
and ATV are closer together, increasing the likelihood of ATV/CPD-to-rider contact; and 
also the ATV being “on its side” on a rider can be as potentially injurious or as fatal as it 
being “upside down” on a rider. 
 

− Illustrates in, e.g., Figure 9 (i.e., Figure 1 below) the Quadbar “pole vaulting” effect, 
which stores energy, and when the ATV eventually falls, it falls – potentially on the rider 
– with greater speed and force than it would have otherwise done. When a crash dummy 
is used, the simulations reported in Zellner, et al. (2012b) contain such cases where the 
pole vaulting Quadbar ATV lands on the dummy with greater speed and force, as seen in 
Figure 2 below; 

 

 
 

Figure 1.  Figure 9 from Snook (2009) ramp-slide-trip tests without crash dummy
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Figure 2.  Sequence of images from simulation of Quadbar ATV during rearward overturn 

with ISO MATD crash dummy 
 
− States somewhat misleadingly and based on a false premise, that “The results (table 8) 

were most dramatic with the Quad Bike rolling over completely and resting upside 
down (figure 10) in a position where the rider would certainly be trapped if they had 
not been thrown clear during the roll.” Just because an ATV lands “upside down” does 
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not mean the rider, who may have separated, will be trapped. In addition, the rider can be 
equally likely to be trapped when the ATV comes to rest on its side.35 In DRI’s latest 
simulations of ATVs with and without the Quadbar, reported in Zellner, et al. (2012b), 
the dummy was either “thrown clear” or had a final chest force less than 490 N (110 lb) 
in 98% of the 770 overturns; and in the 2% of overturns where it did not, the number of 
predicted potential asphyxiations/breathing difficulties did not change with addition of 
the Quadbar. The Quadbar changed the resting position of the ATV so as to be more “on 
its side” than “on its top”, which can be equally injurious or fatal. In fact since the side of 
the ATV has a smaller area than the top, the load concentration when the ATV comes to 
rest on its side can be higher, which results in increased potential for injury or fatality. 
 

− Throughout the report, there is no discussion of how one should select the angles and 
lengths of the ramp, and relative angles of the underlying ground, that should be used for  
testing; and there is no discussion of the relationship between the values of these 
variables, and the values of the environment and motion variables that occur in overturn 
accidents; 
 

− States without basis that “At low speeds on horizontal ground, there is a strong 
tendency for quad bikes to roll over sideways to an upside down position.” First of all, 
in the Snook (2009) tests this was done by means of an artificial sliding-ramp-and-trip 
mechanism, which produces unrealistic ATV linear and angular speeds. Second, the data 
indicates many cases where the ATV (without Quadbar) comes to rest on its side, or else 
continues to do multiple (further) ¼ rolls (described as “Not applicable” as “the rider 
would very likely have become separated from the vehicle during the accident”36). 
However, it is advantageous for the rider to separate, and to stay separated, from the 
ATV. Thirdly, DRI’s latest research reported in Zellner, et al. (2012b), which used 770 
“types” of overturns, based on information available from real accidents, indicates that 
the baseline ATV comes to rest most often “on its wheels”, followed by “on its side”, 
followed by “upside down.”37 As reported therein, the frequency of an ATV coming to 
rest “on its side” was substantially increased by fitment of the Quadbar. 
 

− States without basis that “If the rider is not thrown clear of the ATV during the roll 
over then there is a high probability that the rider will be trapped under the vehicle and 
will be at risk of crushing or asphyxiation.” First of all, the most recent DRI research 
reported in Zellner, et al. (2012b), based on 770 simulations, found that this happens 
equally frequently with the Quadbar, where the dummy is trapped under the side of the 
ATV fitted with a Quadbar, as it occurs with the baseline ATV. In addition, as discussed 
in Section VI, R1, Comment 1, whether an entrapment and asphyxiation occurs depends 
on multiple events, such as whether and to what extent and against which body region the 
rider is “trapped;” the force or load of the entrapment; the portion of the ATV weight that 
is on the rider’s chest (as opposed to on the ground or on other body regions); the age, 
gender , stature and physical condition of the rider; the hand grip force used by the rider; 
whether accessories or cargo or ATV modifications were present that may have 

                                                            
35 See Footnote 2. 
36 Snook (2009), p10. 
37 Zellner, et al. (2012b), Figure 10, p72. 
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prevented the rider from separating from the vehicle during overturn; etc..  As noted in 
Bullet 17 above, for the most recent DRI research reported in Zellner et al. (2012b), such 
predicted entrapment with asphyxiation / breathing difficulty occurred at the rate of about 
2% of 770 overturns. In actual accident data, traumatic (compressive) asphyxia 
associated with the rider being “pinned by” an ATV occurred at a rate of 1.2% among 
2977 US/CPSC fatal ATV cases.38 The vehicle coming to rest on its side on the rider is 
equally hazardous as39 and potentially occurs more frequently than, it coming to rest on 
its top, based on the broad sample of simulated overturns;40 

 
− States without basis that “A safe and cautious rider is unlikely to be operating at 

elevated speeds in a work situation,” This faulty assumption ignores the fact that ATVs 
are often used to transport one person with a limited amount of cargo across large farms 
or cattle stations, often on relatively flat terrain and dirt roads.  The maximum speed of a 
typical ATV is 74 to 78 km/h (46.0 to 48.5 mi/h)41 which makes them useful for such 
tasks. As noted in Section VI, R3, the Australian average fatality case speed of roughly 
50 km/h (31 mi/h) for those cases where speed is reported in case files42 is also greater 
than the average speed for the 113 UK/US cases for those (n = 36) cases where speed was 
reported, which was 36 km/h (22 mi/h);43 
 

− States without sufficient basis that “The square body shape of quad bikes such as the 
Yamaha Moto 4 250 makes them more likely to rest upside down in low speed sideways 
roll over.” This comment is not logical, as if an ATV is indeed “square” in cross-section, 
it will have equal probabilities of ending up on any of its sides (i.e., top, bottom, left side, 
right side). Coming to rest “upside down” might have occurred in the limited series of 
selected, artificial slide-and-trip tests done by Snook (2009).  However, DRI’s most 
recent simulations reported in Zellner, et al (2012b) found that for a much broader range 
of overturns during ATV simulations based on information from real accidents, a typical 
ATV with an angular body shape is more likely to come to rest on its side than on its top 
(if for no other reason than that there are left and right side surfaces and only one top 
surface); and the Quadbar, due to its geometry, increases the likelihood of it doing so. 
However, coming to rest on its side on a rider can be no better than coming to rest on its 
top on a rider, tends to increase the load concentration on the rider, and can be injurious 
or fatal.44 
 

− States based on at least two false premises that “In low speed sideways roll over, the 
Quad Bar arrests the roll over and prevents the ATV from resting in a position that 
could trap and asphyxiate the rider.…In higher speed sideways rollover, the Quad Bar 
impedes the roll over and prevents the ATV from resting in a position that could trap 
and asphyxiate the rider. In all tests the Quad Bar provided some clearance between 

                                                            
38 CPSC, 2009 Public Release of the All-Terrain Vehicles Deaths (ATVD) Database, 2010. 
39 See Footnote 2. 
40  Zellner (2012b), Figure 10, p72. 
41 Maximum speed for ATVs modeled by DRI, 2000 Honda TRX350FM and 1995 TRX400FW, respectively, 
according to American Honda Motor Company, Inc. 
42 Fragar, (2009), pp6-7. 
43 Zellner (2004), App E) 
44 See Footnote 2. 
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the ground surface and the ATV seat so the rider would be unlikely to be trapped in 
this space….In all back flip tests, the Quad Bar arrested the back flip and the quad 
bike fell to one side.”  The false premises are that a) arresting/impeding the number of 
rolls of a vehicle without restraints is better, when in actuality it tends to reduce the 
separation distance between rider and ATV, and to increase the likelihood of ATV/CPD 
contact injuries; and b) there is no evidence that an ATV coming to rest on its top is any 
more hazardous than it coming to rest on its side. Fatal and serious injuries can occur in 
any final resting position.45 
 

− Concludes, based on false premises, that “The Quad Bar passive roll over protection 
device is effective in reducing the likelihood of rider injury in ATV sideways roll over 
and back flip and should be considered an essential safety feature of ATVs in the 
workplace and recreational environment.” The statement that the Quadbar is “effective 
in reducing the likelihood of rider injury” is based on subjectively assuming that during 
an overturn, an imaginary unrestrained rider would somehow be able to stay in the 
protected space without being contacted by the ATV or CPD, and falsely assuming that 
the Quadbar forcing the ATV to come to rest on its side is less injurious, for which there 
is information to the contrary;46 
 

In summary, the Snook (2009) report ignores the facts that its overturn tests conducted 
without a crash dummy are highly subjective and speculative in nature and virtually 
meaningless from an dummy motion and injury monitoring viewpoint; that only in a fraction 
of real ATV accidents do ATV overturns involve pure roll or pure rearward pitch as was 
tested; that if the vehicle is moving, the rider/dummy, when it first impacts the ground, tends 
to be swept rearward, potentially into the path of a rotating roll bar, as seen in the Van 
Auken, et al. (1998) test videos; and “preserving space” beneath an ATV to which the rider is 
not restrained also produces high load concentration regions (e.g., the Quadbar itself) which 
can land on the rider/dummy as it moves relative to the ATV. 

 
 The additional comments regarding the Wordley and Field (20120) summary of the Snook 
(2009) report are as follows: 
 
1. “This report [Snook (2009)] measured the effectiveness of the Quad Bar CPD in arresting 

or reducing the roll of a Quad bike with no rider.” (p25, paragraph 1) 
 
 Arresting/reducing the roll of an ATV with an unrestrained rider tends to have adverse 
effects, as it reduces the ATV-rider separation distance, and increases the likelihood of ATV 
contacts and injuries. 
 
2. “Preventing vehicle roll was assumed to reduce likelihood of rider crushing and 

entrapment under the vehicle.” (p25, paragraph 1) 
 
 As discussed in the R12 bullets above, this is a major faulty assumption, as the Quadbar has 
been found in the most recent Zellner, et al. (2012b) research to: a) increase the likelihood of the 
                                                            
45  See Footnote 2. 
46  See Footnote 2. 
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ATV coming to rest on its side, which can be equally injurious or fatal; and b) to reduce the 
ATV-rider separation distance, which increases the likelihood of ATV contacts and injuries, 
which would not be known in the Snook (2009) study as no crash dummy was used. 

3. “At low speeds on horizontal ground, there was a strong tendency for Quad bikes to roll 
over sideways to an upside down position, potentially resulting in entrapment or 
asphyxiation of the rider;” (p26, bullet 1) 

 
 As discussed in the R12 bullets above, the Quadbar forcing the ATV to come to rest on its 
side rather than its top does not reduce the likelihood of injury or asphyxiation, as serious 
injuries and asphyxiation can occur when the ATV comes to rest on its side.47 This was also 
verified in the most recent research reported in Zellner, et al. (2012b). In addition, the latter study 
found that other impacts to the dummy were worsened by the presence of the Quadbar, so that it 
caused more new injuries than it prevented. 
 
4. “However, at times during the roll, little clearance was observed between the bike and the 

ground, indicating that the potential for serious injury remained high;” (p26, bullet 3) 
 
 The second half of this statement is not accurate and is misleading, as providing 
“clearance…between the bike and the ground” also results in increased load concentration under 
those portions of the vehicle remaining in contact with the ground, and, when the rider is 
unrestrained, greater potential for injury to any part of the rider that moves under those high load 
concentration regions. 
 
5. “In low speed sideways roll over, the Quad Bar arrested the roll over and prevented the 

Quad from resting in a position that could trap and asphyxiate the rider;” (p26, bullet 5)  
 
 As discussed in the R12 bullets above, a) arresting/reducing the roll of an ATV with 
unrestrained rider tends to have adverse effects, as it reduces the ATV-rider separation distance, 
and increases the likelihood of ATV contacts and injuries; and b) the Quadbar forcing the ATV 
to come to rest on its side rather than its top does not reduce the likelihood of injury or 
asphyxiation, as serious injuries and asphyxiation can occur when the ATV comes to rest on its 
side.48 This was also verified in the most recent research reported in Zellner, et al;. (2012b). In 
addition, the latter found that other impacts to the dummy were worsened by the presence of the 
Quadbar, so that it caused more new injuries than it prevented. 
 
6. “In all tests the Quad Bar provided some clearance between the ground surface and the 

Quad bike seat so the rider would have been unlikely to be trapped in this space;” (p26, 
bullet 6) 

 
As  noted above, “providing some clearance” also results in higher load concentrations under 
those portions of the vehicle remaining in contact with the ground, and, when the rider is 
unrestrained and the vehicle is also moving forward (which occurs in the real world but not in 

                                                            
47  See Footnote 2. 
48  See Footnote 2. 
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the “purely sideward slide-and-trip” Snook (2007) roll test), a greater potential for injury to any 
part of the rider which lies under those high load concentration regions. 
 
7. “There were no conditions where the bike with the Quad Bar fitted rested in a position that 

was considered more detrimental to rider safety than the bike without protection.” (p26, 
bullet 8) 

 
 The use of the phrase “rested in a position that was considered more detrimental” indicates 
the subjective and speculative method of evaluation used by Snook (2009).   
 
 In addition, this statement implies that, in the several dozen tests done by Snook (2009), 
without any crash dummies, and using a purely subjective and speculative evaluation method, 
Snook (2009) concluded, based on faulty assumptions discussed above and no injury 
measurements, that no Quadbar injury risk would have occurred. This is a baseless and faulty 
conclusion. 
 
 In a much broader range of 770 types of overturns, based on information available from 
accident data, and monitoring injuries with an appropriate crash dummy, Zellner, et al. (2012a) 
found that the Quadbar increased injuries and probability of fatality more than it decreased 
injuries and probability of fatality.  
 
8. “This work demonstrates the success of the Quad Bar device in either preventing a 

complete roll or modifying the roll event to potentially reduce the risk and severity of 
injury to the rider.” (p26, paragraph 3) 

 
 This statement has no valid basis because of the many faulty assumptions and purely 
subjective and speculative evaluations it relies upon. If the Wordley and Field (2012) report had 
said “The author (Snook) claimed (or reported) that this work demonstrates…”, then it would 
have been a more accurate statement. Wordley and Field (2012) should have been fully aware of 
the many faulty assumptions, lack of injury measurements, lack of a crash dummy, use of 
subjective and speculative evaluation, etc., rather than accepting and amplifying results and 
conclusions which are obviously not valid on their face. 
 
9. “Even though no dummy was included in the tests, it appears highly likely that the Quad 

Bar would result in significant injury reductions in the roll scenarios tested.” (p26, 
paragraph 3) 

 
 There is no basis for this highly speculative statement. It is difficult to predict (without an 
actual crash dummy or a properly validated computer simulation that includes a crash dummy) 
where a crash dummy would have gone, what it would have contacted, what forces it would have 
been subjected to, and whether it would have, for example, separated from the baseline ATV 
before the ½ roll had ended; whether it would have been impacted by the Quadbar; whether it 
would have ended up under the ATV resting on its side, as a result of the effects of the Quadbar; 
etc.. In addition, the “roll scenarios tested” were highly selective, had no relationship to any 
reported accidents, and were not realistic because ATVs do not slide-laterally-then-trip, which in 
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at least the lateral roll tests, gave the ATVs an unrealistic combination of linear and angular 
momentum.  
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SECTION VII 
 

COMMENTS ON “CRITQUES” (SECTION 6) 
 
 The comments on the “Critiques” (Section 6) are as follows. 
 
6.1 Criticisms of the MUARC research 
 
1. “In addition, [the DRI report stated that] this Quadbike ROPS concept would have injury 

risks greater than its injury benefits, would be unsafe because of reduced pitch stability, 
and would be impractical in terms of its reduced mobility, utility and ergonomic 
capabilities”.  (p27, full paragraph 1) 

 
 The Wordley and Field report (2012) omits to mention that the latter findings by DRI (i.e., 
reduced pitch stability, mobility, utility, ergonomic capabilities) were based on full-scale human 
factors tests as well as riding tests by engineering test riders. This is an important area for 
evaluating application of ROPS to relatively small, straddle seat, handlebar operated, ride-on-
top, active riding, highly mobile, helmet-required ATVs; and it affects whether the functionality 
of the vehicle can be maintained. 
 
6.2 Criticisms of the DRI research 
 
R13 Stevenson (1998) 
 
 Wordley and Field (2012) are highly selective in their summary of the Stevenson (1998) 
paper, and chose to focus on the negative aspects of, and in some cases as described below, to 
change the meaning of, Stevenson’s summary of the DRI research. Wordley and Field (2012) 
also chose to ignore the generally neutral if not supportive conclusions by Stevenson (1998) 
(who was on the staff of ACAHS and a Fellow of the Institute of Engineers Australia) which 
Stevenson states to be in “[answer] to [q]uestions in John Temperley's Letter of 20 October 
1998” namely: 
 

“1. Comment on the competence of Dynamic Research Inc. to conduct the research. 
The two reports of Van Auken and Zellner demonstrate a high level of technical 
competence. The company has been active in the area since 1986 at least, Weir and 
Zellner (1986) being affiliated with Dynamic Research Inc. when they wrote their 
SAE Technical Paper. 
 
2. Was their selected method of evaluation appropriate? The authors have made good 
use of the evaluation methods available. 
 
3. Were the objectives of the research clearly defined? The objectives are adequately 
defined. 
 
4. Are the results valid? The results are valid if all assumptions are true and the 
approximations close to reality. The authors make their assumptions and 

65 



approximations clear enough. In any computer modelling, particularly of complex 
systems, the assumptions and approximations may result in unrealistic outcomes. It 
is therefore highly desirable to validate the model by selected experiments. In this 
case, experiments would have to be crash tests with a dummy rider [which DRI did 
as reported in Van Auken, et al. (1998)]. The scenario assumptions may also have 
affected the validity of the results. 
 
5. Are the recommendations / interpretation of the data valid? The interpretation of 
the results, and the recommendations, are argued reasonably, but alternative 
interpretations are possible, and the acceptance of the result must take cognizance 
of the approximations and assumptions.” (Stevenson (1998), Section 3, p6) 

 
Wordley and Field (2012) also ignored a statement by Stevenson (1998) that “both [DRI 1996 
and 1997] analysis reports need to be read for the information on the analysis procedures”. 
Wordley and Field (20120 did not review either of the 1996 or 1997 DRI reports, nor other DRI 
documentation, as described in Section V, paragraph 1 in the current report.  
 
 Other statements reported by Wordley and Field (2012) are: 
 
1. “Stevenson identifies problems with the DRI method used to generate the accident 

scenarios, particularly the “substantial assumptions that had to be made.” (p27, paragraph 
3) 

 
 This statement is likely based on the assumption by Stevenson (1998) that DRI was 
attempting to reconstruct specific accident cases, for which there was insufficient information, 
rather than what DRI did, which was to define broader, more general “types” of accidents, within 
which each case resided. This is extensively discussed in Section II.B.2 above, and in Zellner, et 
al. (2012a) and Zellner, et al. (2012b). Virtually all ATV accident case files, anywhere in the 
world, contain insufficient data to reconstruct in detail the overturn event, so whether one is 
defining a full-scale test or a computer simulation, one can realistically only define a general 
“type” of accident that has similarities to one or more reported accident cases, and for whichever 
variables are unknown, makes reasonable assumptions. 
 
2. “One such case is reworked using more realistic values by Grzebieta and Achilles, and is 

discussed below.” (p27, paragraph 3) 
 
 As discussed in Section VI, R8 above, Grzebieta and Achilles (2009) also made the incorrect 
assumption that DRI was attempting to reconstruct specific accident cases, for which there was 
insufficient information. Grzebieta and Achilles (2009) then proceeded to reconstruct specific 
accident cases, based on insufficient information, in an unrealistic way (e.g., 0.5m high kerb, 
large impact angle against the kerb, and other baseless assumptions, etc., as discussed in Section 
VI, R8). 
 
3. “By examining the simulation videos, Stevenson observed that extreme scenarios (speeds 

and obstacles) and particularly the overly steep slopes (8 cases at 45 degrees, and 28 cases 
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with slopes greater than 25 degrees, out of a total of 43 cases) caused the rider to be 
thrown clear of the bike in around a quarter of cases.” (p27, paragraph 3) 

 This comment is now out of date, as in the latest DRI simulations reported in Zellner, et al. 
(2012b) a “low energy” method was used to define the 110 general types of overturns, which 
results in generally lower speeds, and shallower and shorter slopes.  
 
 The terms “extreme” (as applied to “slopes,” “scenarios,” “speeds,” or “obstacles”) “speeds” 
and “overly steep” do not appear in the Stevenson (1998) paper, so these are characterizations by 
Wordley and Field (2012). 
 
 Stevenson (1998) cites Allison (1997) who speculates that “it is possible that some of 
these [slopes in the UK cases] are substantial overestimates” (italics added). Stevenson (1998) in 
turn speculates that DRI’s results “could also have been partly the result of unrealistically steep 
slopes.” The slopes used in the DRI simulations were based on what was stated in the descriptive 
text for each of the UK cases, bearing in mind that DRI was not attempting to reconstruct 
specific cases, but rather attempting to define general “types” of ATV overturn. The descriptive 
text contains a substantial number of cases where the slope was explicitly between 30 and 45 
degrees, and numerous cases in which it was described as “steep.” 
 
 In addition, note that, as discussed in Section VI, R1, Comment 7, the distribution of slopes 
recently reported by Lower, et al. (2010) is somewhat similar to those reported in the UK/US 
accident files. Lower, et al. (2010) reports that 61% (n = 20) of 33 Australian fatal rollover cases 
where slope was reported as “known”, involved slopes that were “Steep/Sheer drop/ 
19degrees/30-35 degrees.” Though Lower’s exact coding conventions are not stated, and 
therefore cannot be directly applied to the UK/US “all rollovers” sample, it can be said of the 
latter that 60% (n = 49) of the 77 US/UK cases where slope was reported as “known” involved 
slopes in the “steep” category (i.e., either verbally, or in terms of a stated numerical value). 
 
 As a point of comparison, in the original DRI simulations of 113 general “types” of UK/US 
ATV overturns, 60% (n = 68) of the slopes were modelled as being greater than or equal to 22.5 
degrees. 
 
 In the majority of ATV overturn cases, the rider is “thrown clear” of the ATV. This is 
supported by n= 2,977 US fatal accident cases49 in which, for example:  
 

− 1.2% (n = 36 cases) were reported as “pinned by” ATV with cause of death being 
traumatic (compressive) asphyxia; 

 
− 0.1% (n= 4 cases) were reported as “pinned by” ATV with cause of death being crush of 

the head or chest; 
 
− 98.7% were either not reported as “pinned by ATV”, or if pinned (which was rare) the 

cause of death did not involve crush or traumatic (compressive) asphyxia.  
 
                                                            
49  CPSC, 2009 Public Release of the All-Terrain Vehicles Deaths (ATVD) Database, 2010. 
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Other relevant information is that among the 113 UK/US overturn cases, there were only three 
(2.7 %) involving pinning by the ATV, with asphyxiation.50  
 
 Data for these accident categories for Australia are currently unclear, inconclusive, and 
unknown, for a variety of reasons, as discussed in Section II.B.6. 
 
4. “This resulted in no potential for rider protection due to the addition of CPDs, and a large 

number of cases returning a Risk/Benefit ratio near 100% (i.e. neutral, the same with or 
without a CPD).” (p27, paragraph 3) 

 
 This statement by Wordley and Field (2012) (not stated in these terms in Stevenson (1998)) 
contains several misunderstandings. First, according to the methods defined in ISO 13232 
(2005), although individual cases can have both new injuries caused by and previous injuries 
prevented by the protective device, when these are combined into a single injury index (i.e., 
normalized injury cost) for each case, each case cannot simultaneously have both injury risks and 
injury benefits. Therefore a risk/benefit ratio (or percentage) cannot be calculated for each 
individual case, as incorrectly suggested by this statement by Wordley and Field (2012). Instead 
the risks that occur in some cases and the benefits that occur in other cases are summed across all 
cases in the sample (i.e., the injury risks are summed across all cases in which the device is 
found to cause an increase in normalized injury cost; and the injury benefits are summed across 
all cases in which the device is found to cause a decrease in normalized injury cost). 
 
 Second, 100% risk/benefit is not “neutral”, and Stevenson (1998) does not use the term 
“neutral.” One hundred percent represents an outcome where the new injuries that are caused by 
the device are equal in magnitude to the previous injuries that are prevented by the device. 
Therefore, 100% risk/benefit is not “neutral”, but is instead a very undesirable condition, which 
grossly violates the “first do no harm” principle of health and safety interventions. It is desirable 
with any health and safety intervention that the new injuries caused by the intervention are very 
small (ideally zero) in both frequency and severity in comparison to the injuries prevented by the 
intervention. 
 
 Third, in fact, if a given device has nearly no effect in the vast majority of cases, its potential 
overall effectiveness in the population of accidents will be small. Nevertheless, the risk/benefit 
“less than 7 to 12%” guideline means that the new risks caused by it should be proportionately 
smaller, rather than equal in magnitude to, its small benefits. 
 
5. “Due to the fact that the Risk/Benefit results are averaged across all tests, these cases 

count to reduce the potential benefit of the CPDs tested, thereby making it all but 
impossible for the devices to reach DRI’s assumed “legally safe‟ Risk/Benefit ratio of 7% 
(which is discussed in more detail below).” (p27, paragraph 3) 

 
 The second half of this statement is not accurate. As noted in the previous Comment 4, if a 
given device has nearly no effect in the vast majority of cases, its potential overall effectiveness 
(i.e., benefit) in the population of accidents will indeed be small. Nevertheless, the risk/benefit 

                                                            
50 Two fatalities were children; one adult fatality had high BAC with tyre resting on face. 
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7% guideline means that the new risks caused by it should be proportionately smaller, rather than 
equal in magnitude to, its benefits. This goal is categorically not “all but impossible.” 
 
 The only theoretical point where risk/benefit ratio is not mathematically valid (which is of 
very little practical relevance) is a hypothetical case in which the device has absolutely no (i.e., 
identically zero) benefits. In this hypothetical case, the risk/benefit ratio is mathematically 
undefined. At the same time, it is suggested that in such a case, a guideline is probably not 
needed, as the device itself has no benefit. 

6. “Stevenson’s subjective observation of the simulation videos led him to conclude that the 
CPDs appeared effective in 17 out of 30 side roll cases”, (p27, paragraph 3) 

 
 Unfortunately, one cannot necessarily “see” all injuries that occur in crash dummies, be it in 
tests or in simulations, due to: a) limitations in the camera field of view, viewing angle, visual 
obstruction by other objects, lack of magnification, and so on; b) the forces and resulting 
accelerations that arise in a dummy segment are not always visual in nature, i.e., they may be 
short duration pulses, or may result from internally transmitted forces, inertial reactions, visually 
obscured contacts and the like; and c) for any crash dummy, one must be familiar with the axes 
and locations in which it can monitor injuries, which are limited and not infinite in number. 
 
 For these reasons, crash test standards such as ISO 13232 for motorcycles (and, for example, 
the Hybrid III car crash dummy test protocols for car frontal impact testing) have been developed 
so that injury evaluation is not “subjective” (and therefore not repeatable or reproducible) but 
rather objective, measurable and (to a quantifiable extent) repeatable and reproducible. 
 
 In addition, regardless of the number of cases in which the CPDs were measured to be 
effective, the 7% (or actually 12%, if one adheres to the ISO 13232) guideline means that any 
new injuries caused by the CPD should be small in frequency and magnitude in comparison to 
the injuries it prevented. 
 
7. “…but due to the very steep slopes and friction coefficients assumed the Quad bike 

continued to drag the rider down unrealistically long slopes (perhaps 50 m in length), 
potentially inflicting more injuries in the process and masking the benefits of the CPDs.” 
(p27, paragraph 3) 

 
 This comment is now out of date, as in the latest DRI simulations reported in Zellner, et al. 
(2012b) a “low energy” method is used to define the 110 general types of overturns, which 
results in generally lower speeds, and shorter slopes. In no case does the ATV and dummy 
descend more than 3 m from its initial position in the latest simulations. 
 
 In the preliminary simulations viewed by Stevenson (possibly those reported in Van Auken, 
et al. (1996)), there was no information in the case files that would limit the length of the slope. 
Some such long slopes have been reported in, e.g., ATV incidents in hilly or mountainous 
regions, e.g., sheep stations in New Zealand, and in portions of the UK and the US.  Another 
example is the overturn test on a long slope that was filmed by Piziali, et al. (1993), which 
illustrates injury risks associated with restraining a person in an off-road vehicle that may 
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overturn on such long (and naturally occurring) slopes. Nevertheless, subsequent consideration 
led DRI to impose an arbitrary 3 m limit to all slope heights, so as to eliminate this effect. 
 
R14 Lambert (2011) 
 

Lambert’s comments on the DRI research (as summarized by Lower (2011)) are extensively 
discussed in Zellner, et al. (2012a), to which the reader is referred. Highlights of some of the 
main replies to those comments are mentioned below. 
 
1. “Lambert’s review of the DRI research finds a number of deficiencies in the way the quad 

bike is modelled and reported including a lack of front axle characteristics, tyre vertical 
and horizontal factors, shock absorber characteristics, deformation values for Quad bike 
surfaces and no information on how fuel tank fluid is modelled.” (p28, full paragraph 1) 

 
 As Lambert was not involved in the Victorian Coronial hearings, apparently he did not 
review the extensive documentation provided by DRI during the hearings process. This included 
nearly 700 sets of computer simulation input files, each set comprising approximately 100 pages, 
which describe in great detail the front “axle” characteristics (actually an independent front 
suspension with independent front wheel vertical motions), tyre vertical and horizontal factors, 
shock absorber characteristics, force-deflection characteristics for the ATV surfaces, and 
numerous other details of the models. 
 
 The fuel tank was assumed to be full, so that for simplicity, fluid slosh was not modelled 
(although DRI has modelled fluid slosh in other, e.g., tanker truck applications where the large 
volume of fluid can have a substantial effect). 
 
2. “The dummy position used was considered to be incorrect and unrealistic principally 

because no attempt was made to lean the torso up-slope (as a human rider would be 
inclined to do), or to the inside of the corner when simulating a turn.” (p28, full paragraph 
1) 

 
 This statement implies the dummy should be, for example, in a neutral posture before the 
maneuver (e.g., before a slope change, ditch, large bump, turn entry, severe brake, wide open 
throttle acceleration, etc.), and then be dynamically moved to another position as the maneuver 
begins.  
 
 Therefore, this statement is based on a false premise, because it implies that the crash dummy 
model should somehow be “active;” however in actuality the dummy model must model the 
mechanical (in this case, ISO MATD) dummy, which like all crash dummies in existence, is 
fundamentally passive. There are no crash dummies that have "active" torso movement. 
 
 Crash dummies have dozens of joints, each of which must be positioned and tensioned in a 
quantitative and repeatable manner, if the simulation or test is to be run in a repeatable and 
reproducible manner. For this purpose, standards have been developed for positioning and 
tensioning each of the dozens of dummy joints. However, no standard exists for repositioning 
and re-tensioning dozens of dummy joints in order to represent an ATV rider leaning or shifting 
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his buttocks, in order to account for the large number of different upslope, downslope, cross-
slope, oblique slope, accelerating, turning, braking, bump, ditch, etc. maneuvers, as well as 
combinations of these that exist in the 110 ATV accident cases and associated general “types” of 
overturn. 
 
 Moreover, even if such a standard existed, no “technology” exists for dynamically 
repositioning each dummy joint, in response to the aforementioned variables, whether it be for 
testing purposes or simulation purposes, which should mirror each other.   
 
 Finally, it is improper and invalid to model an active human in a crash/rollover test, because 
it is impossible to calibrate/validate such a model, as it is unethical to use humans in crash tests. 
Only mechanical, passive crash dummies are used in crash/rollover tests, worldwide, as they are 
repeatable, reproducible, and ethically appropriate for these conditions; and that is what was both 
modelled and tested by DRI. 
 
3. “Lambert considered the friction factors assumed used in the DRI work “unreal”, and 

noted that four out of the six terrain types modelled (and used in a third of cases) had very 
different surface characteristics adjacent to each other mostly with no justification based 
on the descriptions” (p28, full paragraph 1) 

 
 As for the first phrase of this sentence, if what is being referred to are the tire/soil friction 
values listed in, e.g., Van Auken, et al. (1997a), then this comment is not accurate, somewhat 
misleading and based on a false premise as these values were not intended to be indicative of 
typical or normal operating conditions but rather as being representative of values that can be 
associated with overturns, as all of the n=113 cases involved ATV overturns. Typical, lower 
friction values encountered in normal usage, examples of which are cited by Lambert (2011a, 
page 8), usually or very often do not result in ATV overturn, in the DRI computer simulations 
and in the real world.  
 
 As for the second phrase of this sentence, this comment is not accurate, as there is 
justification for having “different surface characteristics adjacent to each other” in the UK/HSE 
case information. The primary reason for this is that the UK/HSE case descriptions indicate that 
many of the accident terrains have discontinuities, e.g., “ditch”, “rut”, “gulley”, “embankment”, 
“kerb”, “rutted road”, “pothole”, “track”, “culvert”, “ramp”, etc.  It is plausible, reasonable and 
typical in the real world that such discontinuities often involve different surface characteristics 
on either side of the discontinuity. For example, a dirt road involves one set of characteristics for 
an assumed, typical, hard, compacted, dirt road, and a very different set of characteristics for an 
adjacent, assumed, typical, grassy or vegetation covered field. A ditch or culvert would often or 
typically have different surface characteristics than the immediately adjacent field. Similar 
justification applies to the other common types of terrain discontinuities that were reported in the 
HSE case files and modelled in the simulations. 
 
4. “More generally, Lambert found that only 29 (13%) of the 215 data values inputted into 

the models were supported by the HSE case data, and cases where bikes were modelled on 
a slope of 45 degrees were considered, “a physical impossibility”.” (p28, paragraph 1) 
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 This comment is based on a false premise that the goal was to somehow recreate each of the 
HSE (and CPSC) cases in detail. This was not the goal, and would indeed have been impossible, 
given the extremely limited detail available in ATV case files. Instead, the goal was to create a 
set of general "types" or "categories" (also referred to in the DRI reports as “configurations” or 
“scenarios”) of overturn, within which each specific case resided. In practice, this meant using 
all of the relevant variables that were available in the case file (from the list of 17 variables 
needed to describe an ATV overturn); and then, for the variables that were not available in the 
case file, assuming standardized, plausible values that would represent the general “type” of 
overturn. In this way 113 “types” (or “categories”, configurations” or “scenarios”) of overturn 
were modelled, not 113 specific cases. The earlier DRI reports may be less clear on this point, 
and the latest revised DRI report in Zellner, et al (2012) clarifies this distinction. 
 
The statement that a slope of 45 degrees is a “physical impossibility” is not accurate. The issue is 
not whether riders can operate in a steady state manner on slopes of 45 degrees (which would 
generally be extremely difficult or not possible) but rather that accident involved riders 
encountered such slopes and overturned (as also occurs on even steeper slopes including, e.g., 
vertical drop offs).  Several cases in the accident database explicitly state that the accident 
occurred on slopes of 45 degrees. Forty-five degrees corresponds to the “free slope”, “friction 
angle”, or “angle of repose”, of wet sand (e.g., in diggings, excavations, embankments, etc.), and 
some materials (e.g., earth, loose dry gravel) have angles of repose in the range of 30  to 45 
degrees, therefore such slopes are certainly not physically impossible or uncommon. As stated in 
e.g., Zellner, et al (2012a), for standardization purposes, slopes were modelled in 15 degree 
increments, e.g., 0, 15, 30 and 45 degrees. Moreover, such slopes resulted in the modelled ATV 
overturning in the simulation, which was the subject of the analysis. 
 
5. “Lambert identifies that the DRI modelling crucially lacks any capability to predict rider 

asphyxiation, which is the leading cause of Quad bike overturn deaths in Australia.” (p28, 
paragraph 1) 

 
 The comment about DRI modelling is now out of date, while the comment about asphyxia 
being a “leading cause” of “quad bike” overturn deaths in Australia is excessively vague and 
potentially misleading. The Lower, et al. (2010) report indicates that n = 14 asphyxiations 
occurred during 2001 through 2009 among n = 52 overturn fatalities. However, it is currently 
unknown which of the nine types of forensic asphyxia as discussed in Sauvageau, et al. (2010))51 
occurred in these “asphyxiation or respiratory difficulty” cases, and how many of these, if any, 
were associated with being pinned beneath an ATV (which was on its side, top, wheels, front, 
rear, etc.). For example, off-road two wheeler fatalities can occasionally involve “aspirated 
object” asphyxia (wherein mud or other debris is aspirated during a face-down landing, most 
often without any pinning by the vehicle); or “positional asphyxia” (e.g., hyper-flexion of the 
neck closing the trachea) may occur when a rider comes to rest, unconscious, against a tree, rock, 
bush or other environmental object, again, most often without being pinned by the vehicle. It is 
also unknown to what extent vehicle modifications, accessories or cargo influenced any pinning 

                                                            
51 Sauvageau, et al. (2010), Figure 2, classifies these as 1) Suffocation/smothering, 2) Suffocation/choking, 3) 
Suffocation/confined space/entrapment/vitiated atmosphere, 4) Strangulation/ligature strangulation, 5) Strangulation/hanging, 6) 
Strangulation/manual, 7) Mechanical asphyxia/positional asphyxia, 8) Mechanical asphyxia/traumatic asphyxia and 10) 
drowning. 
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beneath an ATV, and whether this was a factor in any of the Lower, et al (2010) cases. Further, 
detailed, in-depth, case-by-case analysis would be needed to understand the frequency, if any, of 
potential mechanical/traumatic (compressive) asphyxia that might result from a vehicle, or a 
ROPS/CPD, coming to rest on a rider’s thorax. 
 
 The statement regarding DRI modelling is now out of date because DRI has, since the 
Victorian Coronial hearings, investigated this area, and formulated a preliminary and 
conservative potential asphyxiation (or more specifically, a “breathing difficulty”) criterion, and 
has applied this in its most recent Zellner, et al. (2012b) simulations of the Quadbar. Those 
simulation results indicate that including this preliminary asphyxiation index does not change the 
overall conclusions about the Quadbar, and in fact, for example, the Quadbar was found to cause 
as many potential "breathing difficulties" (i.e., 11 among 770 overturns) as it prevents (i.e., 11 
among 770 overturns), e.g., as illustrated in Figure 3.52 In Figure 3, which is one of 11 examples 
where there was potential asphyxiation/breathing difficulty when the Quadbar was fitted, the 
ATV with Quadbar comes to rest on its side on the dummy’s chest. 
 

 
Figure 3.  Example still image of QuadBar CPD injury risk. Potential asphyxia (i.e., predicted 

“breathing difficulty”) occurred with Quad Bar. Baseline ATV in same overturn had no monitor-
able injuries 

 
6. “His review concludes with the observation that only 1 of the 59 HSE cases simulated by 

DRI appears to deliver an injury prediction which is consistent with the actual reported 
event, indicating that  “the quad bike computer model, the Hybrid III dummy computer 
modelling, and the terrain and surface conditions inputs are all deficient.”” (p28, 
paragraph 1) 

 
 As discussed above in Section VII, R14, Comment 4, and extensively in Zellner, et al. 
(2012a), this comment is based on a false premise that the goal was to somehow recreate each of 
the UK/HSE (and US/CPSC) cases including injuries in detail. This was not the goal, and would 

                                                            
52 This rate of breathing difficulty for the simulated baseline ATV (i.e., 10 per 770 overturns) is somewhat similar to that 
observed in the original UK/US cases (i.e., 3 per 113 overturns) although the latter involved one highly intoxicated adult where 
the tyre came to rest on the face, and two children, who may have had very different chest force tolerances from that used in the 
assumed asphyxiation criterion. 
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indeed have been impossible, given the extremely limited detail available in ATV case files. 
Instead, the goal was to create a set of general "types" or "categories" (also referred to in the DRI 
reports as “configurations” or “scenarios”) of overturn, within which each specific case 
conceptually resided. 
 
R15 McDonald and Richardson (2011)  
 
 Overall, McDonald and Richardson (2011) based many of their comments on two key false 
premises:  
 

− They mistakenly assumed that DRI was attempting to model specific individual cases 
(which would have been impossible given the limited information available in the case 
files) rather than general “types” of ATV overturns, each of which was similar to, but not 
the same as, the related specific case (for which most of the relevant variables were 
unknown); 
 

− They mistakenly assumed that crash dummy technology exists for predicting the full 
range of human injury locations, types and severities, when in fact crash dummies can 
only objectively monitor a limited range of these.53 Therefore it is neither valid nor 
possible to compare the full range of real human injuries with the limited range of 
injuries monitor-able with crash dummies. Nevertheless, that has not stopped analysis in 
the vehicle safety field worldwide, and much can be done with the limited set of crash 
dummy sensors available.  

 
1. “By their own claims, [McDonald and Richardson] attempted to contribute to the report 

prepared by John Zellner, but independently found that they were unable to integrate their 
views into the draft.” (p28, paragraph 2) 

 
 It is unclear what “unable to integrate their views into the draft” means. The Technical 
Engineering Group (TEG) met in Sydney during 3 to 5 October 2010.  It was agreed that Zellner 
should prepare a first draft of a report, following an outline and scope agreed by TEG; which he 
circulated on 25 October to the TEG members. Numerous comments were then sent to Zellner 
and virtually all of them were incorporated into the draft report, which was circulated on 28 
November, and which included a note from Zellner that:  
 

“An effort has been made to incorporate into the main text all comments received 
on which there appeared to be substantial agreement; and into the endnotes all 
other comments on which there appeared to be either substantial disagreement, or 
else for which there had been no group review or attempt to resolve the comment.” 

 

                                                            
53 This includes the ability to accurately and reliably measure specific injury indices (e.g., specific forces, moments, or 
accelerations) with a crash dummy, which are associated with specific injury mechanisms, and from which the probability of 
specific injury can be calculated (i.e., injury criteria) as in, e.g., ISO 13232. Data and crash dummy technology that are needed to 
develop such probabilistic injury criteria for a full range of all human injury locations, types, and severities are generally not 
available. 
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From that point on, all further comments were directed to be sent to the Secretariat, comprising 
three staff members from state health and safety regulatory agencies. As of 19 December the 
Secretariat reported that no comments had been received. Comments were again requested by the 
Secretariat, and the next version was circulated by the Secretariat on 22 February 2011; and 
following minor edits by the Secretariat, the final draft was circulated in March, with a PDF 
creation date of 14 March 2011. 
 
 It is unclear what “unable to integrate their views into the draft” means, because virtually all 
comments from McDonald and Richardson received before 29 November were incorporated by 
Zellner in either the main text or the endnotes of the report.  In addition, it can reasonably be 
assumed that McDonald and Richardson would have had ample opportunity after that date to 
submit any further comments to the Secretariat, and that the Secretariat would have addressed 
them in some way. 
 
2. “They found that, “the work is invalid and draws false conclusions. Further, the 

conclusions drawn have been misread. This judgement was based on their analysis of the 
DRI simulation results and like Lambert they observed that only a very small percentage 
(6.5%) appeared potentially valid when compared with the actual report injuries.” (p28, 
paragraph 2) 

 
 As is the case with other commentators, and as extensively discussed in Zellner, et al. 
(2012a) and Zellner, et al. (2012b), this statement is not accurate and is based on the false 
premise that the goal was to somehow recreate each of the UK/HSE (and US/CPSC) cases 
including injuries in detail. This was not the goal, and would indeed have been impossible, given 
the extremely limited human, vehicle, environment, accident and injury details available in the 
ATV case files. Instead, the goal was to create a set of general "types" or "categories" (also 
referred to in the DRI reports as “configurations” or “scenarios”) of overturn, within which each 
specific case resided. In practice, this meant using all of the relevant variables that were available 
in each case file (from the list of a minimum of 17 variables needed to describe an ATV 
overturn); and then, for the variables that were not available in the case file, assuming 
standardized, plausible values that would represent the general “type” of overturn. In this way 
113 “types” (or “categories”, configurations” or “scenarios”) of overturn were modelled, not 113 
specific cases.  
 
 Obviously, since the general “types” of overturn did not (and could not) match the details of 
the specific real cases, many of which were unknown (e.g., depending on the specific case, the 
unknowns may have included the rider age, height, gender, physical condition, whether a helmet 
was worn, make-model-year of ATV, accessories, modifications and cargo; detailed 3-
dimensional description of the terrain and its characteristics; the initial position, speed and 
heading of the ATV; etc.), all of which would be expected to influence the injuries, the simulated 
injuries from each general “type” of overturn cannot be compared with the injuries in the 
corresponding specific (actual) case.  
 
 Such a case-by-case comparison is beyond the state-of-technology in the statistical 
biomechanics field. Instead, comparison of “aggregated” injury locations, types and severities is 
the current state-of-technology, and the comparison of the injuries from the latest refined DRI 
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simulations to those reported in real ATV accidents is very close in this regard, as reported in 
Zellner, et al. (2012). 
 
3. “They noted that the DRI results caused the ratio of trunk to head injuries to be 

inexplicably modified: 
 - For Critical AIS 5& 6, the actual ratio was 3: 1 (75%); in the simulation it was 0: 25 
(0%).  
- For all AIS 1-6, the ratio of the actual data was 2.4: 1 (41%); in the simulation it was 1: 
25 (4%).  
 
Furthermore, if the injury is categorised according to body regions using the AIS: 
 - The trunk’s percentage of injuries, (AIS 1-6) changed from 71% (actual) to 4% 
(simulation), which reflects a reduction from 50 (actual) to 4 (predicted) i.e. a 12.5 times 
decrease. 
 - The percentage change in head injuries (AIS 1-6), was from 29% (actual) to 96% 
(simulation). Head only injuries were found to increase from a total of 17 (actual) to 99 
(simulated) i.e. a 5.8 times increase. Face injury increased from 7 (actual) to 27 (predicted) 
i.e. a 3.8 times increase.” (p28, paragraphs 2 and 3)  

 
 All of these comments are based on the false premises, as discussed in Section VII R15 
above, that DRI was attempting to model specific individual cases (which would have been 
impossible given the limited information available in the case files) rather than general “types” 
of ATV overturns, and that crash dummy technology exists for predicting the full range of 
human injury locations, types and severities, when, in fact, crash dummies can only objectively 
monitor a limited range of them. 
 
 This statement is also now out of date, as in the latest refined DRI simulations the aggregated 
injury locations and severities that are able to be monitored by a crash dummy compare very 
closely to those reported in real ATV accidents, as reported in Zellner, et al. (2012b). 
 
4. “They observed that this unexplained change in the nature of injuries predicted, and 

marked decrease in trunk injuries removed much of the potential for the Quad Bar or any 
other potential CPD to demonstrate a reduction of the injuries that they are primarily 
designed to prevent. McDonald and Richardson reject DRI’s judgement on the 
effectiveness of this device, by observing that it is made on the basis of an unfair 
comparison between uncorrelated and unrepresentative simulation results.” (p29, 
paragraph 1) 

 
 This statement is now out of date, in that the aggregated injury locations and severities in the 
latest refined DRI simulations have been correlated and compare very closely to those reported 
in real ATV accidents, as reported in Zellner, et al. (2012b). They also include asphyxiation, 
which also correlates closely on an aggregated level. 
 
5. “He further concedes that, “such fatal injuries do occur and they are not denied, it’s just 

that they do not occur in the 113 general types of overturn modelled”“. (p29, paragraph 2) 
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 This quotation is taken out of context and is therefore misleading. The actual context was:  
 

“Does it [the DRI simulation model] substantially deny the existence of injuries to the 
trunk and asphyxiation? (GM: Yes) (JZ: Disagree. The simulations do not “deny the 
existence of injuries to the trunk and asphyxiation.” Such fatal injuries do occur and they 
are not denied, it’s just that they did not occur in the 113 general types of overturn 
modelled (in part because there is no currently recognized biomechanical criterion for 
asphyxiation, which is a problem currently being worked on, as stated elsewhere).”54  

 
 What Zellner stated at the time (2010) is accurate because the DRI simulation model 
includes the ability to monitor for “crush” injuries to the chest (as well as to the unhelmeted 
head), and abdominal penetration injuries, which are both “injuries to the trunk.” However, no 
fatal chest or abdominal injuries were predicted in the simulations (nor were any reported in the 
113 UK/US real ATV overturn cases). As noted in Zellner’s statement, the Munoz, et al. (2007) 
and earlier DRI simulations did not include monitoring for asphyxiation, as an asphyxiation 
criterion did not exist at that time, and therefore asphyxiation “did not occur in the 113 general 
types of overturn modelled.” However, the latest Zellner et al. (2012b) simulations did include a 
criterion for asphyxiation, which occurred at a rate (of about 2%) in the 770 general types of 
overturn modeled, which, as described therein, was similar to the rate observed in the 113 
original UK/US cases.  
 
 As for other types of “injuries to the trunk” (e.g., thoracic spine and lumbar spine injuries), 
these are beyond the state of technology of current injury criteria and crash dummies (and 
certainly of multi-directional crash dummies able to straddle an ATV and grip the handlebars). It 
generally requires large efforts and many years to develop and then to gain acceptance of new 
injury criteria and dummy response and monitoring capabilities, which has not yet occurred for 
these body regions. 
 
 This statement is also now out of date, because in the most recent DRI research reported in 
Zellner, et al. (2012b), a preliminary asphyxiation/breathing difficulty index is proposed and 
applied to the 770 general “types” of overturn, which were based on available information from 
the UK/US cases. It was found that this resulted in 2.0% of the simulated overturns having 
asphyxiation/breathing difficulties, compared to 2.7 % (n = 3) of the original 110 UK/US cases, 
which seems to indicate reasonable agreement.55  
 
6. “The HWSA TEG disagreed with this response, and noted that a correlation of injuries 

should be made, in order to demonstrate the ultimate validity of the modelling.” (p28, 
paragraph 2) 

 
 Though this statement is accurate, there are two possibilities for correlating injuries in order 
to demonstrate the validity of the model: aggregated correlation, and case-by-case correlation.   
 

                                                            
54 Trans Tasman Technical Engineering Group (TEG) report, endnote 32, Item 3. 
55 However the simulations were based on an (unimpaired) adult mid-sized male dummy; whereas the real cases involved two 
separate cases involving children (for which there are no ATV-compatible crash dummies and no even preliminary asphyxiation 
criteria), and one adult male with 0.12% blood alcohol content, where the tyre came to rest on the face of the adult. 
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 “Aggregated” correlation of injury frequency by injury location, type and severity is the 
conventional, feasible and state-of-technology way to correlate modelled and real injuries, for 
those injury locations, types and severities capable of being monitored by crash dummies. Of 
course, for those injuries that are not capable of being monitored by crash dummies, further 
development of injury criteria and crash dummy technology would be needed if such injuries are 
judged to be important to monitor and to correlate.  
 
 The latest DRI results of aggregated correlation of all crash dummy monitored injuries, as 
reported in Zellner, et al. (2012a) and Zellner, et al. (2012b) indicate a strong correlation 
between the real injuries in the 110 UK/US specific cases, and those from the modelled general 
“types” of overturns. Incidentally these include crush injuries (to the chest and unhelmeted 
head), penetration of the abdomen, and traumatic (compressive) asphyxiation/breathing 
difficulties (via a preliminary injury criterion developed for this type of injury). 
 
 On the other hand, it is impossible to conduct case-by-case correlation of injuries at the 
current state–of-technology and state of accident data. In terms of ATV accident data, this sort of 
case-by-case correlation would require knowing and modelling all of the relevant details of not 
only one ATV overturn accident, but a substantially large sample of ATV accidents. The relevant 
details include (but are not limited to) the rider age, height, gender, physical condition, whether a 
helmet was worn, make-model-year of ATV, accessories, modifications and cargo; detailed 3-
dimensional description of the terrain and its characteristics; the initial position, speed and 
heading of the ATV; the steering, braking and throttle and body position inputs to the vehicle, 
the details of the injuries; exactly what objects were struck by the rider on the ground, etc., etc.. 
By their nature, ATV accidents tend to occur in relatively remote rural locations; and in virtually 
all cases, with no little or no recording of most of these details. 
 
 Moreover, even if the accident data were available for a large sample of such cases, the 
technology necessary to perform a case-by-case correlation of injuries simply doesn’t exist, as it 
is not currently possible to model, and nor do injury criteria exist for all ages, sizes, genders and 
physical conditions of riders, or all locations, all types and all severities of injury.  
 
 Instead, the customary and widely accepted methods for “calibrating” computer simulations 
of “accidents” involve conducting suitable controlled tests and comparing their results to the 
model results, e.g.: 
 

− Controlled laboratory tests of the dummy components, to ensure they have human-like 
response in comparison to published response “corridors” (e.g., force versus time, etc.) 
based on human cadaver or volunteer tests, as was done in the DRI research as described 
by Kebschull, et al. (1998), and as is required by, e.g., ISO 13232-7, 4.5 (2005);  
 

− Controlled laboratory tests of ATV and ROPS/CPD characteristics, as was done in the 
DRI research as described by Zellner, et al. (2012b); 
 

− Controlled laboratory tests of human injuries versus dummy response, typically by means 
of comparing cadaver injuries and responses to crash dummy responses, as extensively 
documented in, e.g., ISO 13232-3 (2005) and ISO 13232-5 (2005); 
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− Controlled full-scale tests of terrain and soil characteristics, such as measurement of 

dummy/soil coefficient of friction and dynamic matching of ATV/soil and CPD/soil 
effective coefficient of friction as a part of simulation calibration, as described in Zellner, 
et al. (2012b) 
 

− Controlled full-scale tests of dummy and ATV motions to and beyond the point of ground 
contact, as described in Van Auken, et al. (1998), and as required for motorcycle 
simulations in ISO 13232-7 (2005). 

 
 These types of calibration against controlled laboratory and full-scale tests are the widely 
accepted methods of calibrating computer models of crash events.   
 
 For McDonald and Richardson (2011) to suggest that case-by-case correlation “should be 
made” -- based on knowing and being able to model (with person-specific crash dummy and 
person-specific injury criteria) every detail for each case in a sample of real ATV overturns – 
indicates that they are not familiar with the state-of-technology, with the accepted and standard 
practices in this field, and with the state of ATV accident data. To require that such a correlation 
be done would be equivalent to placing an impossible-to-overcome barrier on scientific research 
in this area. 
 
7. “DRI claim that generally, acceptable vehicle occupant protective devices must have a 

risk/benefit percentage of 7 percent or less (i.e., the summed injury risks from the 
protective device are 7 percent or less of the summed injury benefits).” (p29, paragraph 3) 

 
 This is not an accurate statement. First of all, DRI does not “claim” this; it is a “suggested 
reference guideline” provided in International Standard ISO 13232-5, Annex E.56  
 
 Second, the ISO guideline does not say that it “must” [i.e., “shall”] have a risk/benefit 
percentage of 7 percent or less”, but instead says “the risk/benefit percentage should [i.e., is 
recommended to] be less than seven percent and should not be more than 12 percent.”  
 
 Third, DRI did not say that “acceptable” devices must meet some requirement. Instead a 
footnote in the ISO guideline itself states that it is “Based on the [injury risk and benefit] results 
for automobile seat belts (7 percent) based on Malliaris, et al., 1982, as described by Rogers, 
1996, which is presumed to be an acceptable risk/benefit percentage; and the [injury risk and 
benefit] results for pre-1998 automobile passenger airbags (12 percent), based on Iijima, et al., 
1998, which is presumed to be an unacceptable risk/benefit percentage.” They were presumed by 
the ISO committee (comprising delegates from 10 countries) to be “unacceptable” because, 
stated by Iijima, et al. (1998), “It is also observed that designs and regulations for US car airbags 
are being modified in order to reduce the injury risks for front occupants (i.e,, in order to reduce 
the 12 percent statistic.”.  
 

                                                            
56 ISO 13232-5 (2010), Annex E.  
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 Fourth, a subsequent worldwide literature review, unrelated to ISO 13232, has not found any 
data for any accepted automotive safety device57 that indicates an injury risk/benefit percentage 
greater than 7%. 
 
8. “The DRI papers consider systems with greater injury risk/benefit to be unacceptable on 

the basis of examples drawn from the US and Europe, and state that such systems or 
devices must be rejected or substantially modified before they can be implemented”. (p29, 
paragraph 3) 

 
 Again, as stated in Section VII, R15, Comment 7 above, it’s not that the DRI papers 
“consider” them “unacceptable”, it’s that the International Standard ISO 13232 Annex E 
guideline footnote states that devices with greater risk/benefit levels are “presumed to be an 
unacceptable risk/benefit percentage”, as such devices have involved subsequent regulatory 
actions that have implemented various countermeasures including changing their characteristics 
and performance requirements in order to reduce their injury risks. Secondly, the ISO guideline 
is based on there being no data anywhere in the world, including Australia, that suggest there is 
an acceptable automotive safety device that has a risk/benefit percentage greater than 7 percent. 
Safety belts, driver airbags, and head restraints have risk/benefit percentages of less than 7 
percent. 
 
9. “McDonald, Richardson and Lambert highlight the fact that this actual standard finds no 

such requirement for compliance with this claimed 7 percent rule.” (p29, paragraph 3) 
 
 This statement is not accurate and misleading as DRI never stated that there was a 
“requirement for compliance”. In addition, as noted in Section VII, R15, Comment 7 above, it is 
a 12 percent “suggested reference guideline”, not a “7 percent rule”. 
 
R8 Grzebieta and Achilles (2007) 
 
1. “As discussed in Section 5, Grzebieta and Achilles re-ran nine accident cases where DRI 

simulations predicted fatalities when the MUARC ROPS was employed.” (p29, paragraph 
4) 

 
 See Section VI, R8 text, and Comments 1 through 5. 
 
2. “Interestingly none of these cases recorded fatalities based on the actual accident 

descriptions.” (p29 paragraph 4) 
 
 See Section VI, R8 text, and Comments 1 through 5. 
 
3. “In addition to this, their examination of these cases illustrated serious issues with DRI’s 

interpretation of the accident descriptions, and questions several instances where the 
simulation videos appear to indicate injuries for the baseline Quad bike which are not 
accounted for in the results. These issues are summarised on a case by case basis in Table 
8.” (p29, paragraph 4) 

                                                            
57 The regulatory requirements for which were not subsequently mandatorily revoked or changed so as to be less harmful. 
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 As stated in, e.g., Section VII, R14, Comment 6 and Section R15, Comment 2, as well as in 
Zellner, et al. (2012a) and Zellner, et al. (2012b), this statement is not accurate, misleading and 
based on the false premise that the goal was to somehow recreate each of the UK/HSE (and 
US/CPSC) cases in detail. This was not the goal, and would indeed have been impossible, given 
the extremely limited human, vehicle, environment, accident and injury details available in the 
ATV case files. Instead, the goal was to create a set of general "types" or "categories" (also 
referred to in the DRI reports as “configurations” or “scenarios”) of overturn, within which each 
specific case resided. 
 
 Since the general “types” of overturn did not (and could not) match the details of the specific 
real cases, many of which were unknown (e.g., depending on the specific case, the unknowns 
may have included the rider age, height, gender, physical condition, whether a helmet was worn, 
make-model-year of ATV, accessories, modifications and cargo; detailed 3-dimensional 
description of the terrain and its characteristics; the initial position, speed and heading of the 
ATV; the steering, braking, throttle, and body position control inputs; etc.), all of which would 
be expected to influence the injuries, the simulated injuries from each general “type” of overturn 
cannot be compared with the injuries in each corresponding specific case. 
 
4. “Table8: Summary of issues identified with DRI modelling of nine predicted fatality 

scenarios using MUARC ROPS” (p30) 
 
The issues identified in Table 8 of the Wordley and Field (2012) report for the most part without 
basis, inaccurate, taken out of proper context, and/or misleading, as described below. 
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Case 
1:58  

Potential neck injury oversight in baseline 
Quad simulation (see Figure 17) and a 
failure to model important features of the 
case description (i.e. a fence the rider was 
thrown into). Excessive speed (52 km/h) 
assumed.  

Grzebieta and Achilles (2007) indicate 
that this case corresponds to DRI 
baseline simulation Run 18008,59 
which was based on HSE Case 09. 
After review of the animations it was 
confirmed that Figure 17 contains 
images from simulation Run 18008. In 
this case the neck is deflected in lateral 
bending, but it is also supported by 
shoulder/ground contact. Consequently 
the ISO 13232 neck injury criteria did 
not predict any neck injury for this run. 
A speed of 52 km/h is well within the 
capabilities of a typical ATV of 74 to 
78 km/h as noted in Section VI, R12. It 
is similar to the Australian average 
fatal case speed of roughly 50 km/h 
(31 mi/h) for those cases for which 
speed was reported in Fragar, et al. 
(2009).The description indicates that 
the ATV struck a kerb and overturned. 
It would seem reasonable to assume 
that a relatively high speed would be 
necessary to cause overturn when 
striking a kerb, and that a kerb is a 
feature of a public road. Further, there 
was no information in the case 
summary indicating the distance 
between the fence and the curb, and 
therefore it was not modelled for the 
purposes of defining a general overturn 
type involving a kerb in which a fence 
would not necessarily be present. 

                                                            
58 Grzebieta and Achilles (2007) case number. 
59 Zellner et al (2004) simulation run number. 
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Case 2:  Extreme slope angle (45 degrees) and long 
length of slope assumed.  

Grzebieta and Achilles (2007) indicate 
that this case corresponds to DRI 
baseline simulation Run 18018, which 
was based on HSE Case 17. 
The HSE case description indicates the 
ATV was on a “45’ slope”, but did not 
state how long the slope was. 
Therefore it was assumed for the 
purposes of defining a general overturn 
type that the ATV was on a planar 45 
degree slope within the range of 
expected motions during the 6 sec 
simulation time interval, based on the 
available information. This assumption 
was refined in the Zellner, et al. 
(2012b) to involve a substantially 
shorter slope and lower energy. 

Case 3:  Extreme slope angle (45 degrees) and long 
length of slope modelled, despite reference 
to the slope being “short.”  

 Grzebieta and Achilles (2007) indicate 
that this case corresponds to DRI 
baseline simulation Run 18096, which 
was based on HSE Case 82. The HSE 
case description indicates the ATV 
was on a “short 45’ slope”. It was 
unclear how long a “short” slope was 
or how relevant the length was to the 
outcome. Therefore it was assumed for 
the purposes of defining a general 
overturn type that the ATV was on a 
planar 45 degree slope within the range 
of expected motions during the 6 sec 
simulation time interval based on the 
available information. This assumption 
was refined in the Zellner, et al. 
(2012b) to involve a substantially 
shorter slope and lower energy. 
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Case 4:  Extreme speed (48 km/h) simulated.  Grzebieta and Achilles (2007) indicate 
that this case corresponds to DRI 
baseline simulation Run 18106, which 
was based on HSE Case 94. 
The HSE case description indicated 
that the ATV was “negotiating corner 
too fast”. Therefore it was assumed for 
the purposes of defining a general 
overturn type that the ATV was 
traveling at 30 mph (48 km/h), which 
is well within the capabilities of a 
typical ATV as previously noted. 

Case 5:  Extreme slope angle (45 degrees) and long 
length of slope assumed. Modelling 
simulated an overturn, despite the 
description specifically noting the bike did 
not overturn.  

Grzebieta and Achilles (2007) indicate 
that this case corresponds to DRI 
baseline simulation Run 18136, which 
was based on US CPSC Case 
890501BEP0011. 
The coded value for the “Steepness of 
hill” was 45 degrees. The coded data 
indicates the ATV tipped to the right, 
but did not overturn. It was assumed 
that this general type of event was 
sufficiently close to an overturn that 
other events in then types would 
indeed be overturns, so the type was 
modelled as an overturn. 
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Case 6:  Potential neck injury oversight in baseline 
Quad simulation (see Figure 18), Extreme 
slope angle (45 degrees) assumed. (The 
case summary indicates a hill angle of 77 
degrees and a speed of 81 mph or 141 km/h 
which is clearly beyond the operational 
ability of Quad bikes).  

Grzebieta and Achilles (2007) indicate 
that this case corresponds to DRI 
baseline simulation Run 18208, which 
was based on US CPSC Case 
891004HEP9001.After review of the 
animations, it was confirmed that 
Figure 18 contains images from 
simulation 18208. In this case the neck 
is in extension at a level that causes an 
AIS 1 neck injury. The lumbar and 
thoracic spine is in compression due to 
contact to the buttocks from the ATV 
above. However, there are no lumbar 
or thoracic spine injury criteria in ISO 
13232. The “77” value for angle 
indicated in the CPSC case summary 
indicates "other", not the actual slope 
angle. Similarly, the speed was coded 
by CPSC as “88”, which is a code used 
by the CPSC to indicate "unknown." 
Therefore a slope of 45 degrees and a 
speed of 4 mph (6.4 km/h)  were 
assumed for the purposes of defining 
this general overturn type. 
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Case 7:  The DRI simulation causes the bike to 
overturn in the wrong direction.  

 Grzebieta and Achilles (2007) indicate 
that this case corresponds to DRI 
baseline simulation Run 18232, which 
was based on US CPSC Case 
890619BEP0001. 
The coded case data (there was no case 
narrative) indicates that the rider 
turned to the right and the ATV 
tipped and overturned to the right. It 
was unclear to DRI how this could 
have happened and therefore DRI 
assumed that either the turning 
direction or overturn direction was 
miscoded. Therefore it was assumed 
for the purposes of defining a general 
overturn type that the overturn 
direction in this case was miscoded 
and the ATV actually overturned to the 
left, and that due to approximate 
symmetries involved in this accident 
type, the injury risk would not depend 
on actual direction of rider steer input 
and subsequent overturn direction. 

Case 8:  Extreme speed (56 km/h) simulated.  Grzebieta and Achilles (2007) indicate 
that this case corresponds to DRI 
baseline simulation Run 18258, which 
was based on US CPSC Case 
891229HEP9001. The coded case data 
indicates the “speed of ATV” was 35 
mph (56 km/h). This speed is well 
within the capabilities of typical ATVs 
of 74 to 78 km/h as noted in Section 
VI, R12. Is it similar to the Australian 
average fatal case speed of roughly 50 
km/h (31 mi/h) for those cases for 
which speed was reported in Fragar, et 
al. (2009). 
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Case 9:  Long length of slope assumed.  Grzebieta and Achilles (2007) indicate 
that this case corresponds to DRI 
baseline simulation Run 18274, which 
was based on US CPSC Case 
970717HEP0961.The CPSC Case 
summary does not indicate the length 
of the slope. Therefore it was assumed 
for the purposes of defining a general 
overturn type that the ATV was on a 
planar slope within the range of 
expected motions during the 6 sec 
simulation time interval. This 
assumption was refined in the Zellner, 
et al. (2012b) to involve a substantially 
shorter slope and lower energy. 

 
 
 
5. “The MUARC simulation results produced only one likely fatal outcome given the use of 

MUARC ROPS in Case 8 which was a high speed (56 km/h) overturn, whereas DRI 
predicted all these cases as likely fatalities with the MUARC ROPS. This dramatic 
difference in the simulation results produced by different researchers for the same case 
scenarios demonstrates the large amount of variability, inconsistency and disagreement in 
the field.” (p30, paragraph 1) 

 
 As discussed extensively in Section VI, R8 text, and Comments 1 through 5, the differences 
are primarily due to Grzebieta and Achilles (2007):  

a) attempting to model specific cases, which would have been impossible, based on the very 
limited amount of information available, whilst DRI modelled general “types” of overturns 
similar to, but not the same as, the specific cases;  
 
b) using an inappropriate (i.e., Hybrid III) car frontal crash dummy and injury criteria 
incompatible with straddle-seat-handlebar-helmet-required vehicles for modelling and 
evaluating lateral, rearward and forward overturns, whilst DRI used a multi-directional 
dummy and injury criteria (ISO MATD) compatible with straddle-seat-handlebar-helmet-
required vehicles for evaluating lateral, rearward and forward overturns; 
 
c) changing and modifying the terrain and operating conditions, (e.g., using a 0.5 m (20 inch) 
high “kerb;” increasing the impact angle against the kerb, and reducing speed from medium 
(54 km/h (34 mi/h)) to low speed (25 km/h (15 mi/h)). 

 
 It is obvious and self-evident that if one uses a different (and inappropriate) type of dummy 
and injury criteria, and uses different terrain and operating conditions, the outcomes will be 
different. DRI proceeded in a reasonable way on these points, which were further substantially 
refined in the latest results reported in Zellner, et al. (2012b), whilst Grzebieta and Achilles 
(2007) did not. 
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6. “This, coupled with a general disregard for any significant correlation with the number or 

type of injuries simulated, contributes to a very low level of confidence in any of the 
conclusions drawn from these simulations.” (p30, paragraph 1) 

 
 See Section VII, R15, Comment 12. 
 
 All of these (and other) criticisms have been addressed in the latest DRI research reported in 
Zellner, et al. (2012b). To the extent that these criticisms were not based on misunderstandings 
of DRI’s previous research (which, in most cases, they were), the additional refinements, 
calibrations and correlations (e.g., against real ATV injuries, helmet effectiveness data, 
laboratory test data, and other information) included in Zellner, et al. (2012b) provide a 
substantially higher level of confidence than other research in this field.  
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SECTION VIII 
 

COMMENTS ON “INDUSTRY AND STAKEHOLDER POSITION STATEMENTS” 
(SECTION 7) 

 
The comments on the “Industry and Stakeholder Position Statements” (Section 7) are as 

follows: 
 

− “[FCAI believes ROPS/CPDs are unsuitable for quadbikes because ROPS/CPDs] 
[r]evealed injury risks similar to, or greater in magnitude than, their respective injury 
benefits; This statement is based on the research conducted by DRI, which is 
unreliable given the many issues identified in this review.” (p32, bullet 1) 

 
 The statement “the research conducted by DRI, which is unreliable given the many issues 
identified in this review” is not accurate, as the current report has found that virtually all of the 
“issues identified in this review” are themselves not accurate, and in addition, are in most cases  
now out of date (in view of the latest research reported in Zellner, et al. (2012b) which was not 
considered in the Wordley and Field (2012) review), based on false premises, incomplete, 
somewhat misleading, and/or unclear. 
 

− “The following reasons are listed as to why the FCAI believes ROPS/CPDs are 
unsuitable for Quad bikes…Impacted or crushed the rider’s head, spine and/or chest 
in roll overs, pitchovers, tumbling type overturns and when riding over rough terrain 
and obstacles; Again, this statement is based on the research conducted by DRI, which 
is unreliable given the issues identified in this review. The bare Quad bike was equally 
capable of inflicting the same injuries in the simulations.” (p32, bullet 2) 

 
 In regard to the statement that “the research conducted by DRI… is unreliable given the 
issues identified in this review”, see Section VIII, Comment 2 above. 
 
 In regard to the statement that “The bare Quad bike was equally capable of inflicting the 
same injuries in the simulations”, this is not accurate and reflects a major misunderstanding of 
Wordley and Field (2012) regarding all of the DRI research. The “injury risks” from fitting the 
Quadbar – as listed by the FCAI in the first part of this statement (which were excerpted from 
various DRI reports) – are newly created additional injuries caused by contact with the 
ROPS/CPDs, that did not occur in the corresponding overturns with the baseline ATV (without 
the ROPS/CPD). This statement by Wordley and Filed (2012) reflects a major misunderstanding 
and misinterpretation of the DRI research. 
 

− “Without restraints, to act as a rigid external projection which is highly injurious to the 
rider;  
This statement implies that without restraints any rigid external projection is highly 
injurious to the rider, and criticises ROPS / CPDs whilst neglecting the wide range of 
manufacturer endorsed equipment (spray tanks, bull bars, cargo racks) which would 
also qualify as rigid external projections, and could be argued would generate much 
greater potential for injury in an over turn.” (p32, bullet 4) 
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 Findings regarding the adverse effects of “rigid external projections” on riders of straddle-
seat, handlebar-controlled, ride-on vehicles have existed in the scientific literature since RAF 
Flight Surgeon Dr. Peter Bothwell’s findings on motorcycles in the 1970’s for the US/DOT. For 
example: Bothwell (1971) reported that, based on 27 crash tests, there was a “strong indication 
that general smoothing of the outer contour all over the motorcycle is a desirable feature.” 
As another example, Bothwell (1973) recommended that, based on 14 crash tests, “handlebars 
and motorcycle profile should be free of trauma producing projections.”  
 
 Manufacturers are obliged to make those portions of the ATV that are required to be 
relatively rigid in order to perform their fundamental functions (e.g., handlebars, wheels, cargo 
racks, engine/drivetrain) as reasonably safe as possible without adversely affecting their 
function. For ANSI/SVIA-1 compliant manufacturers, this generally means that these 
components are either covered (e.g., the shielded “foot environment” required by ANSI/SVIA 1-
2010), rounded (i.e., have applicable minimum radii) on all edges, padded (e.g., of any handlebar 
crossbar as required by ANSI/SVIA 1-2010), having maximum yield strengths for handlebars, 
and by common practice, as “low profile” as feasible (e.g. cargo racks), whilst still fulfilling their 
basic function.  
 
 For “accessories”, currently there are no industry-wide standards applicable to items such as 
spray tanks, bull bars and other accessories. There is a nearly infinite variety of these, made and 
distributed in the aftermarket worldwide. Because of their enormous diversity, there are currently 
no uniformly applicable safety standards for them. There are company by company variations as 
to whether any such accessories are approved or endorsed at all by ATV manufacturers, and if 
approved/endorsed, by whom and how they are approved/endorsed, whether and what 
contractual limitations and controls exist and are legal in each jurisdiction between 
manufacturers and dealers as to what dealers can and cannot sell, and so on. 
 
 Guidelines exist for some ATV accessories,60 but they are extremely general in nature. 
Moreover, they have no basis in accident data, injury data or test data, which do not exist for 
such accessories. The general principles of the Bothwell (1971) and Bothwell (1973) findings for 
motorcycles provide useful guidelines for all such accessories.  
 

− “As illustrated above, the Quad Bar is clearly very different to earlier and more 
substantial ROPS designs and should not be rejected on the same basis.” (p32, 
paragraph 1) 

  
This statement is not accurate, as the Quadbar can indeed be rejected on the same basis, i.e., that 
it was found to cause as many, or more, new injuries as it prevented.   
 
 The Quadbar was rejected in the Munoz, et al. (2007) research because the injury risks from 
fitting it (i.e., the newly created injuries it caused in some types of overturn) were found to be not 
statistically significantly different (i.e., essentially equal) to its injury benefits (i.e., the previous 
injuries that it reduced in other types of overturns).  
                                                            
60 Lenkeit, et al. (2006), Operational Considerations Related to the Use of ATVs by the Bureau of Land 
Management, , which was produced to the Victorian Coroner. 
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 In the latest updated DRI research reported in Zellner, et al. (2012b), the Quadbar was found 
to have greater injury risks than injury benefits in the refined “low energy” simulation sample of 
overturns. When this was projected to the population of all future overturns, it was found that the 
Quadbar had no statistically significant net injury benefit in the helmeted condition and 
significantly greater injury risks than injury benefits in the unhelmeted condition. 
 
 The Quadbar was rejected on the above basis, rather than on the basis of its specific injury 
mechanisms. As described in Zellner, et al. (2012b), its specific injury mechanisms are similar in 
some regards, and different in other regards, to those of other ROPS and CPDs.  
 
 As stated by Rechnitzer, Day, Grzebieta, Zou and Richardson (2003)[footnote: p90, 
paragraph 7) in their report submitted to the Victorian State Coroner: 
 
 “In virtually all of the papers published since [the 1980’s,] [e.g., the UK U-bar, the NZ 
T-bar, the Dahle and Johnson devices] the rollover protection proposed violated the 
fundamental requirements for an effective Rollover Protective System: that is, the 
combination of a protective structure and the use of an effective occupant restraint system 
which comprises a suitable seat with back rest and side bolsters, and a three point or 
preferably a 4-point seatbelt system. It is axiomatic that if a system violates fundamental 
principles it can not [sic] be effective (Rechnitzer 2000). Thus it is not at all surprising that 
critical reviews of proposed rollover protective structures (or systems) identified either no 
benefit or increased injury risk by fitting of these ROPS to ATVs.” [italics are present in the 
original text] 
 
 Presumably, since the Quadbar is a very similar type of CPD device to the U-bar and T-bar, 
Rechnitzer, Grzebieta and Richardson would have the same view that the Quadbar “violate[s] the 
fundamental requirements for an effective Rollover Protection System[;]” and that they would 
find it “not at all surprising that critical reviews of proposed rollover protective structures (or 
systems) [such as the Quadbar] identified either no benefit or increased injury risk by fitting of 
these ROPS to ATVs.” 
 

− “The Australian Centre for Agricultural Health and Safety takes a very different 
stance in their Policy paper from December 2010R18. The authors reference the reviews 
by McDonald and RichardsonR15 and LambertR14 which “call into serious question the 
existing “manufacturer supported research””, and casts [sic] doubt on the legitimacy 
of the modelling, assumptions and scenarios used by DRI. The ACAHS claims that the 
body of evidence supporting the use of a roll over protective device for Quad bikes is 
growing, offering the research from Monash UniversityR8 and the University of 
Southern QueenslandR12 as evidence of this trend.” (p32, paragraph 2) 

 
 This summary of the position of the Australian Centre for Agricultural Health and Safety 
(ACAHS) by Wordley and Field is accurate, but the ACAHS position is now out of date and also 
without basis. As discussed in Section VII, R15 and Section VII, R14, respectively, and as 
discussed extensively in Zellner, et al. (2012a), the reviews ACAHS cites, by McDonald and 
Richardson (2011) and Lambert (2011), are not accurate, based on false premises, incomplete, 

91 



misleading, not relevant or unclear, and/or now out of date,. As a result, they in fact utterly fail to 
“call into serious question” or “cas[t] doubt on” the previous DRI research. Otherwise, the latest 
DRI research, reported in Zellner, et al. (2012b), included updates to the previous evaluation 
methods that took into account all known, valid comments on, the previously used 
methodologies. That latest research found that the Quadbar had greater injury risks than injury 
benefits in the refined and low energy simulation sample. When this was projected to the 
population of all overturns, it was found that the Quadbar had no statistically significant net 
injury benefit in the helmeted condition, and significantly greater injury risks than injury benefits 
in the unhelmeted condition. 
 
 In addition, as discussed in Section VI, R8 and Section VI, R12 above, the Monash 
UniversityR8 research (i.e., Grzebieta and Achilles (2007)) and the University of Southern 
QueenslandR12 research (i.e., Snook (2009) are both defective because: 
 

− Grzebieta and Achilles (2007):  
 

a) used the wrong crash dummy;  
 
b) attempted to model specific cases when there was insufficient information to do so;  
 
c) unrealistically modelled the real accidents (e.g., 0.5 m kerb height); and  
 
d) found that the Quadbar was dangerous in frontal overturns. 

 
− Snook (2009):  

 
a) did not use any injury-monitoring crash dummy,  
 
b) instead speculated about whether a rider might or might not be  in some cases remain 
in the “protective space” of the Quadbar, and in other cases completely separate from the 
ATV;  
 
c) failed to realize that the Quadbar could cause the vehicle to come to rest on its side on 
the rider (which is equally if not more injurious or fatal because of load concentration61); 
 
d) failed to realize that the rider or portions of him could leave the “protective space” and 
be impacted by the Quadbar or ATV in ways that were more severe than without a 
Quadbar; and  

e) failed to acknowledge that that the Quadbar itself provided very high, protruding, 
additional impacting surfaces that could injure the rider, not only in overturns but 
potentially in riding on rough ground. 

 
− “The [ACAHS] position paper concludes by stating that, “there is an exceptionally 

strong case to recommend the adoption of suitably tested protective devices to minimize 
                                                            
61 See Footnote 2. 
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the risk of death and serious injury from rollovers of quad bikes.” This stance appears 
reasonable and justified in light of this review.” (p32, paragraph 2) 

 
 To date, the only suitable tests (and simulations, and accident sample analyses)62 that have 
been done have indicated that when fitted to ATVs, the ROPS/CPDs examined either had no net 
benefit or increased injury risk. In addition, the restraint-type ROPS that have been tested for 
utility have substantially decreased the ATV pitch stability, mobility, utility, and ergonomic 
capabilities; and have provided an elevated structure on which to hang equipment or (warned-
against) passengers, further substantially degrading the stability of the ATV and increasing the 
likelihood of misuse.  
 
 Therefore, to the extent that the ACAHS is “recommend[ing] the adoption of” any device 
which has been so tested, this is a highly inappropriate and premature recommendation to make, 
in the light of such findings. 
 

− “Additional measures such as increased rider training, the mandatory fitment of speed 
limiters, and age based restrictions (over 16yo only) are also proposed [by The Royal 
Australasian College of Surgeons ] to help mitigate “the seriousness and frequency of 
injuries caused by riding Quad bikes.” (p32, paragraph 32) 

 
 Measures such as increased take up of rider training, mandatory helmet wearing and age-
based restrictions, where implemented in other regions, have been found to be effective in 
reducing injuries and fatalities, and are part of the ATV industry’s policies and “model 
legislation” encouraged in every jurisdiction.  
 
 There are no data to support the concept of speed limiters reducing fatalities and injuries, 
even if they were acceptable to farmers (including those on large farms and cattle stations) in 
terms of reductions in ATV mobility and utility. To the contrary, the risk-benefit analysis 
provided to the Victorian Coroner reported in Zellner et al (2005)63 found that speed limiters 
would have harmful injury effects for the MUARC ROPS. In addition, the refined and “low 
energy” (i.e., lower speeds, slopes and slope lengths) simulations reported in Zellner, et al. 
(2012b) indicated that the Quadbar would have increased injury risk in comparison to the 
“higher energy” (i.e., higher speeds, slopes and slope lengths) used in the Munoz, et al. (2007) 
analysis of the Quadbar. This is related to there being less separation distance between rider and 
ATV in “low energy” overturns, which tends to increase the likelihood of Quadbar contacts to 
the rider and Quadbar-induced contacts to the rider. 
 
 In addition, as discussed in Section VI, R1, Comment 7, a predominance (i.e., about 60%) of 
Australian ATV fatal overturns apparently occur on (according to the Lower, et al. (2010) data) 
“steep/sheer” slopes, so speed limiters would not help reduce fatalities on such steep slopes, and 
could even exacerbate the situation (e.g., encouraging riders to take low speed “shortcuts” on 

                                                            
62 Tests, simulations and risk-benefit analyses have been done that involve a standardized injury monitoring crash dummy that is 
compatible with straddle-set-handlebar-helmet-required ATVs, and can monitor for injuries in sideward, rearward and forward 
overturns, as reported in, e.g., Van Auken, et al (1998), Zellner, et al (2004), Munoz, et al (2007), Zellner, et al. (2008), and 
Zellner, et al. (2012b). 
63 Zellner, et al. (2004, Speed Analysis of MUARC ATV ROPS in 113 Accident Scenarios. 
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steep slopes up/down hills, instead of longer, more gradual, winding dirt roads, which would take 
much longer to drive with substantially lower speed ATVs. 
 

− “Melhem [of AWU] highlights the “frightening” statistic that more Quad bike riders 
die in agricultural settings each year than do in the mining industry.” (p32, paragraph 
4) 

 
 First, this is an ambiguous and unclear statement, as it is not clear whether it is intended to 
say: 
 

− “more Quad bike riders die in agricultural settings each year than do [Quad bike 
riders] in the mining industry;” or 
 

− “more Quad bike riders die in agricultural settings each year than do [all workers] in 
the mining industry”. 

 
 Second, in either case, the accuracy and meaning of this depends on a host of factors that are 
not discussed, including the numbers of ATVs and riders in “agricultural settings” versus the 
numbers of ATVs and riders (or workers, as the case may be) in the mining industry; the number 
of fatalities that were work-related versus non-work related; for the work-related fatalities, the 
relative levels of supervision, training (in regard to the work site as well as in regard to 
equipment operation), wearing of personal protective equipment (e.g., helmets), exposure to 
unregulated conditions and terrains, exposure to vehicles and machines, hours of exposure, 
incident rates, and a very large number of other factors. It is a meaningless statistic, without a 
further explanation. 
 
 The same thing could be said of road vehicles, e.g., that more workers die in road vehicles 
each year than die on ATVs in agricultural settings, etc.  
 
 Third, it is important that countermeasures to ATV deaths and injuries be pursued that are 
likely to improve, and not to worsen, the situation, e.g., mandatory helmet wearing64; prohibiting 
children from using, and advertising that children should not use, adult-sized ATVs (with fines 
for non-compliance); proper training in regard to keeping all four wheels on the ground at all 
times; more attention to keeping loads within limits and not installing equipment that obstructs 
the rider’s natural separation from the ATV in the event of an overturn; and substitution (e.g., 
use of side-by-side or other vehicles in situations that require more cargo capacity, etc.). The 
latest DRI research -- which is the only research on this topic that has used an appropriate injury 
monitoring crash dummy – has found that the Quadbar would worsen, not improve, ATV 
fatalities and injuries, as reported in Zellner, et al. (2012b). 
  

                                                            
64 The US/CPSC has found that helmets reduce head injuries by 64% (Rodgers (1990), and the latest Zellner, et al. 
(2012b) research has confirmed (based on the same methods as those used to evaluate the Quadbar) that helmets 
would reduce head injuries by 70% (with 2% risk/benefit percentage), would reduce the probability of fatality by 
75%, and would reduce the total normalized injury costs by 60%. 
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SECTION IX 
 

COMMENTS ON “SUMMARY OVERVIEW” (SECTION 8) 
 

The comments on the Wordley and Field (2012) “Summary Overview” (Section 8) are as 
follows: 

 
8.1 Quad Bike Fatalities in Australia 
 
1. “Quad bikes are the leading cause of death on Australian farms;” (p33, bullet 1) 
 
 As discussed in Section II.B, Comment 1, this statement appears to be in conflict with the 
recent paper by Lower, et al. (2011a), which is said to relate to the most recent period for which 
ACAHS reports results. In addition, it is unclear whether this “leading cause” statistic, or the 
latter report’s statistics, have been corrected in order to remove “not ATV accidents” and cases 
that in fact did not involve “ATVs”.  
 
2. “Roll over deaths were primarily associated with asphyxiation or respiratory difficulty, 

head injury, chest and spine injuries;” (p33, bullet 3) 
 
 As discussed in Section II.B, Comment 5, this statement regarding “asphyxiation or 
respiratory difficulty” is unclear and potentially misleading, as it is unknown which of the nine 
types of forensic asphyxia are involved in Australian ATV rollover fatalities. Other types of 
asphyxia occur in off-road accidents which have nothing to do with a vehicle coming to rest on a 
rider. Traumatic (compressive) asphyxia associated with an ATV coming to rest on a rider is 
rarely reported in the US, the primary ATV market, and the reported frequency of “asphyxiation” 
(unspecified types) in Australia raises questions as to definitions and coding; and associated 
conditions (e.g., presence of spray tanks and other equipment). 
 
3. “Children and older people account for more than 80% of roll over deaths.” (p33, bullet 4) 
 
 As discussed in Section VI, R1, Comment 3, it is not discussed in the Lower, et al. (2010) 
report to what extent this finding is due to these two age groups being the primary ATV exposure 
groups; or due to these age groups being more susceptible to fatal injury than other age groups, 
or whether these groups are over- or under-represented in comparison to ATV riding exposure. 
Therefore, the understanding and implications of these findings are unclear. 
 
8.2 UK HSE and US CPSC Accident Scenarios 
 
1. “Recreational riders form a large portion of the Quad bike population in the US compared 

to Australia, where the majority of users and fatalities are found in an agricultural work 
place setting.” (p33, bullet 6) 

 
 This concept is often mentioned; however “mixed use” in the US as well as in other countries 
including Australia is relatively prevalent. For example, Rodgers (1999) of the US/CPSC found 
in a survey of n = 494 US ATV households that  
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“Almost three of every four drivers (73.7%, S.E. = 4.0) use ATVs for at least one non-
recreational activity; 50.8% use ATVs for farming or ranching, 63.0% use them for 
household chores such as yard and garden work, and 7.7% use them for occupational 
or commercial tasks. …Of those who use ATVs for non-recreational activities, about 
half (49.6%) use their ATVs non-recreationally 3 or fewer h out of every 10 h of total 
use, and about 24.2% use their ATVs non-recreationally 8 or more h out of every 10. Of 
those drivers who use their ATVs in non-recreational activities 80% or more of the 
time, over four fifths (83%) report farming or ranching activity. These high use non-
recreational drivers tend to be older (36 years, S.E. = 3.5 vs. 29.5 years, S.E. = 1.4) and 
more experienced (11.6 years, S.E. = 1.4 vs. 9.1 years, S.E. = 0.6), but they ride less 
frequently (184 h per year, S.E. = 28.6 vs. 267 h per year, S.E. = 43.6). Interestingly, 
35.5% (S.E. = 4.6) of all drivers use helmets all of the time, compared with only 19.3% 
(S.E. = 8.6) of high non-recreational use drivers.” 

 
 Lower, et al. (2012) reported that n = 32 of 127 (25%) of “quad bike” fatalities involved farm 
work-related rollover incidents for the 2001 through 2009 period. This is a minority, not the 
“majority”, of Australian “quad bike” fatalities for the period. In addition, the diverse human, 
vehicle, environmental, accident and injury factors involved in each of these cases is not known 
(at least outside the NCIS) so the injury and physical mechanisms are not known. 
 
2. “The UK and US cases contain a very high proportion of low severity and non-permanent 

injuries (AIS 1, 2), and even some cases where no injury was recorded.” (p33, bullet 7) 
 
 This statement is accurate, and such proportions are required in order to obtain an unbiased 
representative sample of accidents of all injury severities. When doing benefits and risk/benefit 
analysis, it is important to consider the effects of a proposed device on accidents of all severities, 
as well as on normal (non-accident) use, rather than focusing on a small number of fatal cases. 
This is commonly done in the safety research field (as well as in the statistical biomechanics 
field) in order to ensure that the device does not have adverse effects in situations that occur 
more frequently than severe cases, but that currently have low or no injury rate associated with 
them.  
 
 This typical approach is described in, for example, the rationale to ISO 13232-2 (2005)65. 
 
 This approach was also one of the few things agreed in the Technical Expert Group 
meetings.66 
 
3. “The inclusion of a large number of such [low or no] injury scenarios has the potential to 

significantly dilute the potential advantages of any device which is designed to prevent 
more serious injuries and fatalities. This is a significant issue given the Risk/Benefit ratio 
of 7% which has been demanded by groups opposing the fitment of ROPS and CPDs.” 
(p33, bullet 7) 

 
                                                            
65 ISO 13232-2 (2005), Annex F. 
66Report of the Technical Engineering Group (TEG) to the Heads of Workplace Health and Safety Authorities 
(HWSA), p4, p11. 
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 Their inclusion is necessary in order to avoid creating a biased (e.g., fatal only) sample,67 and 
in order to consider the potential positive and negative effects on far more frequent low or no 
injury events. “[S]uch [low or no] injury severity scenarios” are in fact far more frequent in the 
real world, and would not be considered “dilut[ing]” if, for example, a device was found to cause 
serious injuries or fatalities in such more frequently occurring events. 
 
4. “Inconsistencies in DRI's interpretation of the AIS coding, and their decision to classify 

fatalities due to asphyxiation as AIS 9 (unknown or unspecified) rather than AIS 6 (Fatal), 
further skewed the proportion of injuries towards the low end of the AIS scale.” (p32, 
bullet 8) 

 
 It is unknown to which “inconsistencies” Wordley and Field (2012) are referring. This 
comment appears in their “Summary Overview” (Section 8, 8.2), and nowhere else in the report; 
nor does it cite any specific cases, issues or source documents. It is important to note that: 
 

− In both the “Abbreviated Injury Scale (AIS) 1990 (1998 Update)” and “AIS 2005 (2008 
Update)” injury coding manuals68, AIS 6 is expressly not equivalent to “death”. In the 
former, AIS 6 is a “maximum” injury, and in the latter, AIS 6 is “maximal” injury, with 
corresponding definitions stated. The “AIS 2005 (2008 update)” coding manual states 
that AIS 6 corresponds to a probability of death of 79%, and should not be taken to be 
equivalent to “death”. 
 

− DRI’s original report to the Victorian State Coroner (DRI-TM-04-77) was published in 
2004. At that time, the most recent, appropriate coding dictionary to use was the “AIS 
1990 (1998 Update)” version. In that version there is no code available for “asphyxia”. 
Since no code existed, DRI was required to code AIS 9 (“unknown”) based on the 
explicit AIS coding rules regarding this situation. 
 

− In 2011, DRI recoded all of the UK/US ATV overturn injuries based on the “AIS 2005 
(2008 Update)” coding definitions because an AIS code for “Asphyxia/Suffocation” had 
in the meantime been introduced in the “AIS 2005 (2008 Update)” coding manual. The 
recoded injuries are reported in the updated injury coding summary (DRI-TM-04-77-1, 
referenced and extracted in Zellner, et al. (2012b)). Overall, this resulted in a slight 
downward shift in average AIS severity because several types of injury (e.g., concussion) 
had been downgraded from an AIS 2 to AIS 1. 
 

− As noted below, the AIS 2005 (2008 Update) maximum coding for 
“asphyxia/suffocation” is an AIS 5 (“critical”) injury; however, in its 2011 recoding 
work, DRI, discussed this with the AAAM AIS Coding Rules Committee, and was given 
special permission to use the code AIS 6 (“maximal”) for asphyxia for this application. 

 
The following is a direct excerpt from the “AIS 1990 (1998 Update)” coding rules --- similar text 
appears in the 2005 version – comprising the first three general coding rules, which are highly 
                                                            
67 It is well-known in the vehicle biomechanics field that fatal accidents are relatively rare and usually typically involve an 
extreme and extraordinary chain of highly infrequent events that are not typical and not easily reproduced in testing. 
68 AAAM, The Abbreviated Injury Scale, 1990 Revision (1998 Update) and 2005 Revision (2008 Update). 
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relevant to the DRI analysis. The coding manual specifically states that these rules “should be 
learned and applied without exception to ensure coding uniformity”: 

1. “If there is any question about the severity of an injury based upon all available documented 
information, code conservatively (i.e., the least severe AIS code in that injury’s category) 
 

2. AIS 6 is used only for injuries specifically assigned severity level 6 in the AIS. The use of 
AIS 6 is not an arbitrary choice simply because the patient died. An AIS 5 injury is never 
upgraded to an AIS 6. 
 

3. Injuries described as “probable”, “possible”, “impression of” or “rule out” should not be 
coded unless they are substantiated in the medical record.” 

 
 DRI made every effort in its reports DRI-TM-04-77 and DRI-TM-04-77-1 to follow the AIS 
coding conventions and wherever those conventions were not expressly followed, the 
assumptions used were clearly stated in the former original report and in the latter updated 
report. This is the reason that DRI’s original report classified asphyxia cases as AIS 9 – because 
there was no code available at that time, and because the coder is not permitted to arbitrarily use 
AIS 6 to indicate a fatality. 
 
 Given the relatively limited extent of the medical information in the three UK/US fatal 
asphyxiation cases, it is very difficult to provide detailed AIS coding. As a result, in both its 
2004 and 2011 injury coding reports, DRI followed the AIS coding rules and maintained a 
conservative coding approach and only used AIS 6 when permitted and when there was a 
specific injury that had an assigned severity of AIS 6.  In all other cases, DRI had to use the code 
AIS 9 (unknown). 
 
 Obviously this injury coding approach is conservative and this will tend to increase the 
frequency of injuries with lower AIS values (as is the intention, as stated in the AIS coding 
manual). Any other approach would be in violation of the AIS coding rules as provided by 
AAAM. 
 
 As stated elsewhere in this report, a reduced average AIS level for the sample has no 
particular relevance, as the goal for this type of analysis is to use a representative sample, or 
census, containing cases with all levels of injury severity. 
 
5. “There is no evidence to indicate that the accident scenario descriptions are in fact reliable 

in the first instance. The descriptions are extremely brief and anecdotal in nature, rather 
than systematic measurements. They were likely recorded by emergency services teams 
(police or medical staff) rather than qualified forensic investigators, and may contain any 
number of unstated and unreliable assumptions.” (p33, bullet 9) 

 
 This comment is speculative and at least partially inaccurate. First, the UK/US database 
comprised three different parts: the text summaries for all of the UK/HSE cases, which were 
typically limited to two lines of text; coded data for the earlier US/CPSC cases obtained, which 
involved about 61 coded variables for each case; and text summaries for the later US/CPSC 
cases obtained, which involved on average about 7 lines of text. These case descriptions are 
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believed to be the “best available information” that provide a relatively large sample of ATV 
overturns of all injury severities, collected by (presumably neutral, uninvolved and to some 
extent trained) government investigators, in each case based on a variety of sources.  The 
comment that they “may contain unstated and unreliable assumptions” is speculative and can be 
said about many reports. In addition, so-called “qualified forensic investigators” are often 
retained by the parties to an accident, and often are in conflict with each other in regard to their 
estimates of what might have occurred. 
 
 Given the typically rural, off-road and remote locations of ATV usage and ATV incidents, 
with often delayed and decentralized emergency team notifications, absence of witnesses, and 
typically the prior removal from the scene of involved persons and vehicles, to date, worldwide, 
there have been no “on-scene in-depth” investigations by suitably trained data collection teams. 
For ATVs there are no “on-scene in-depth” specialized investigation methods that have been 
defined such as there are, for example, in the OECD “Motorcycles - Common Methodology for 
in-depth accident investigations”,69 in which up to 2,000 variables per case are measured, 
collected on-scene, analyzed and coded by trained investigators. DRI has directly participated in 
applying those methods in “in-depth on-scene” studies involving thousands of motorcycle 
accidents in Germany, France, Netherlands, Italy, Spain, Thailand, and the US.  Analogous 
studies for ATVs have not occurred, and are not likely to occur in the foreseeable future, as 
centralized, uniform and timely accident notification does not exist across the very large 
geographic areas likely to contain a sufficient number of ATV cases for sampling, and nor does a 
standardized methodology for such studies exist. 
 
6. “Where slope angles have been recorded, a large proportion appears to have been both 

overstated and generalised as being “45 degrees.‟ which is highly improbable in practice.”  
 
 This statement is also speculative. There is no apparent basis for stating that the slope angles 
were “overstated and generalized” or “highly improbable in practice”. If, for example, 45 
degrees (or slopes in that vicinity) is close to the range of slopes where ATVs may overturn with 
substantially greater frequency than on other slopes (which is probably the case), then one would 
expect that slopes in that vicinity would be more frequently reported than other slopes. Second, 
45 degrees corresponds to the “free slope”, “friction angle”, or “angle of repose”, of wet sand 
(e.g., in diggings, excavations, embankments, etc.), and some materials (e.g., earth, loose dry 
gravel) have angles of repose in the range of 30 to 45 degrees, therefore such slopes are certainly 
not uncommon. Expert and advanced riders can ride up, down and across (by adjusting the 
vehicles’ sideslip angle and using transient effects) sand dunes and other slopes comprising such 
“free slopes”. ATV overturn cases are reported which have greater slopes than this (including 
vertical drop offs), as may occur in eroded creek beds, culverts and other structures. In addition, 
some of the reported accident scene slopes are odd numbers close to 45 degrees, which might 
suggest an actual measurement had been made by the government investigator, or others he/she 
has relied upon.  
 
 This statement, and the previous statement, ignores a long-established research principle 
regarding archival information, which is to first question one’s understanding of archival 

                                                            
69 OECD, Motorcycles - Common Methodology for in-depth accident investigations, Parts 1 – 13, 2007. 
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information, before questioning its accuracy. It is not appropriate to arbitrarily ignore or discount 
archival information that one does not understand or that does not fit within one’s preconceived 
(and often mistaken) notions, without stating the basis or some assumption that is being made. 
 
7. “Disregarding the potential inaccuracies, in all instances the incident descriptions 

provided contained [sic] insufficient information to completely define the accident 
scenario.” (p33, bullet 10) 

 
 As discussed in Section IX, 8.2, this statement is accurate, and is the reason DRI chose to 
model 113 broader, more general “types” of overturn, within which each specific case resided, 
rather than attempting to reconstruct in detail specific accident cases, as was faultily attempted 
by Grzebieta and Achilles (2007), for which there was insufficient information.  
 
8. “DRI claimed that this was done to increase the number of statistical degrees-of-freedom 

in their risk-benefit analysis. No detailed information is provided on the magnitude of 
these variations or the observed differences in the results.” (p33, bullet 11) 

 
 This statement is accurate. Further details of the method are provided in the most recent DRI 
research reported in Zellner, et al. (2012b). There were two reasons for defining six additional 
overturn configurations (or “subtypes”) for each of the 113 “types” of overturn. One was to 
increase the statistical degrees-of-freedom, as this statement says. The other was to reduce the 
sensitivity of the overall risk-benefit outcome to the detailed peculiarities of any given case.  As 
stated in the Zellner, et al. (2008) FISITA paper, “The amount of variation in each of the 
parameters was chosen to be small compared to the assumed uncertainty levels in the original 
accident data, but large enough to result in variation in the ATV and rider motions and estimated 
injuries.” 
 
 The further description and rationale for this variation analysis could not be included in the 
FISITA paper due to a severe page limit (of 14 pages) for that conference paper. A more detailed 
description of the variation method is given in the most recent Zellner, et al. (2012b) report, in 
particular Appendix K.  
 
 Among the results of the variation method was the result that the average variation in total 
injury severity (i.e., normalized injury cost) across all sets of the 7 “subtypes” of overturn within 
each main “type” of overturn was substantial in magnitude, but smaller than the average 
variation in total injury severity across all sets of the 113 “types” of overturn. This was the 
original goal, i.e., not to create new “types” by means of variation, but to create what amounted 
to “subtypes”, in effect representing independent observations of outcome for each of the 113 
“types” of overturn, i.e., increased statistical-degrees-of freedom and therefore tighter confidence 
intervals when extending the sample outcome to the population of all overturns. 
 
8.3  Computer Simulations 
 
8.3.1  Modelling Programs 
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1. “Various simulation programs including MADYMO, ATB and MATD were adapted and 
used by researchers to model Quad bike accident scenarios.” (p34, bullet 1) 

 
 As discussed in Section II.B, Comment 3, this statement is not accurate, as “MATD” is not a 
simulation program, but rather it is a crash dummy (in particular, an internationally standardized 
ISO 13232 crash dummy). This statement suggests that the authors are not well versed in either 
“crash simulation programs” (which obviously do not include an “MATD”) or “crash dummies” 
(which do include an “MATD”). 
 
2. “A large number of shortcomings were identified with each model. Most importantly, none 

had the capability to predict asphyxiation fatalities which account for a large proportion of 
Australian Quad bike deaths.” (p34, bullet 1) 

 
 As discussed in Section II.B, Comment 4, this statement is not accurate in regard to many of 
the claimed “shortcomings”, as many of these were the result of misunderstandings by, or lack of 
thoroughness on the part of, the critics, as extensively explained in Zellner, et al. (2012a). As 
described in the latter report, most of the very extensive DRI documentation was apparently 
never reviewed by the critics, including, for example, Lambert.  
 
 This statement is also now out of date, as virtually all of the claimed “shortcomings” have 
recently been formally addressed in the Zellner, et al. (2012a) replies to comments, and also to 
some extent addressed by means of updates and refinements to some of the modelling 
conventions and methods, as described in Zellner, et al. (2012b). The latter two reports have 
fully addressed all of the known claimed “shortcomings.” 
 
8.3.2  Choice of Terrains Modelled 
 

− “Several issues were identified with the methods used to model the different terrain, 
particularly the ground stiffness, energy absorption, friction coefficients, and the 
extreme length of the slopes commonly modelled. These factors appear to have 
generated somewhat unrealistic roll dynamics.” (p34, bullet 2) 

 
 As discussed in Section II.B, Comment 8, this statement about “ground stiffness, energy 
absorption, friction coefficients” is not accurate and in addition is now out of date.  
 
 As discussed in Section VII, R13, this comment is now out of date, as in the latest DRI 
simulations reported in Zellner, et al. (2012b) a “low energy” method is used to define the 110 
general types of overturns, which results in lower speeds, and shallower and shorter slopes. In 
addition, in no case in the latest simulations does the ATV and dummy descend more than 3 
metres from its initial position. 
 
 As discussed in Section II.B, Comment 8, this statement about the “roll dynamics” being 
“potentially unrealistic”, is not correct, as Van Auken, et al (1998) found that the simulated ATV 
(and dummy) motions correlated very closely (r2 correlation coefficient of 0.91 on average) with 
the real motions measured in 12 overturn tests.  
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− “Due to the tendency of the bike to keep bouncing down the steep and lengthy slopes 
simulated, the bike almost never comes to rest upon the rider, which is a common 
occurrence and cause of death in local fatality reports.” (p34, bullet 2) 

 
 As discussed in Section VII, R13, this comment about the “tendency of the bike to keep 
bouncing down the steep and lengthy slopes simulated” is now out of date, as in the latest DRI 
simulations reported in Zellner, et al. (2012b) a “low energy” method is used to define the 110 
general types of overturns, which results in lower speeds, and shallower and shorter slopes. In 
addition, in no case in the latest simulations does the ATV and dummy descend more than 3 m 
from its initial position.  As discussed in Zellner (2012b), in the original “high energy” baseline 
ATV simulations, the final separation distance between dummy and baseline ATV at the end of 
the runs was less than 1.5 m (4.9 ft) in 18% of the runs. In the “low energy” baseline ATV 
simulations, the final separation distance between dummy and baseline ATV at the end of the 
runs was less than 1.5 m (4.9 ft) in 27% of the runs, indicating the change in outcomes. 
 
 In addition, the statement that this is a “common occurrence and cause of death in local 
fatality reports” is of unknown source, as is the definition of “common.” As discussed in Section 
R13, Comment 3, in the vast majority of real ATV overturn cases, the rider is “thrown clear” of 
the ATV. This is supported by n= 2,977 US fatal accident cases in which for example: 1.2% (n = 
36 cases) were reported as pinned by ATV with cause of death being traumatic (compressive) 
asphyxia; 0.1% (n= 4 cases) were reported as pinned by ATV with cause of death being crush of 
the head or chest; and 98.7% were either not reported as “pinned by ATV”, or if pinned (which 
was rare) the cause of death did not involve crush or traumatic (compressive) asphyxia.  
 
 Fragar, et al. (2009) and Lower, et al. (2011) do not contain any data regarding ATVs 
“coming to rest on the rider”; and in any case, as mentioned in Section VI, Footnote 8, those 
reports appear to include many cases that were either “not an ATV accident” or not an “ATV.”  
 
8.3.3  Experimental Correlation 
 

− “The experimental correlation tests conducted by DRI only compare the motions of 
Quad bike and rider in the initial stages of the accident. These tests were found to be 
completely insufficient in proving any correlation with the motion of the bike and rider 
after it makes contact with the ground, and consequently the actual injuries recorded 
by the case descriptions.” (p34, bullet 3) 

 
 The first portion of this statement is categorically not accurate, and the second portion is not 
accurate as it is based upon a false premise. 
 
 It is categorically not accurate, as the correlations for each of the 12 tests were done for a 
time interval that was as long as the ATV and rider were visible in each high speed camera view, 
which were between 2 quarter rolls (one half roll) and 4 quarter rolls (i.e., one full roll), for each 
test and each camera view. This is well into the overturn sequence and ground contacts, and the 
results indicated close agreement and correlation of the ATV and dummy motions, when 
comparing the simulations to the tests. 
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 In addition, the second portion of the statement is not accurate as it is based on a false 
premise that the goal was to somehow recreate each of the UK/HSE (and US/CPSC) cases and 
resulting injuries in detail, which would have been impossible given the limited amount of 
information in the case files. As discussed in Section II.B, Comment 2, this was not the goal, and 
would have been impossible, given the extremely limited detail available in ATV case files. 
Instead, the goal was to create a set of general "types" or "categories" (also referred to in the DRI 
reports as “configurations” or “scenarios”) of overturn, within which each specific case resided. 
  
8.3.4  Correlation between Simulated and Actual Injuries 
 
1. “The DRI research in particular caused a substantial and unexplained shift in the nature 

of the injuries predicted, dramatically over-predicting head injuries and virtually 
eliminating chest injuries. This may be due to the fact that DRI adapted their proprietary 
version of this model to better simulate head injuries. This dramatic shift in location of the 
predicted injuries could have exaggerated the benefits of helmet usage and underestimated 
the benefits due to the fitment of appropriately designed CPDs.” (p34, bullet 4) 

 
 This statement is now out of date and not accurate in several different aspects.  
 
 First, as discussed in Section II.B, Comment 9, it is now out of date as the latest Zellner, et 
al. (2012b) research has investigated and corrected this issue, and verified that head injury over-
prediction and chest injury under-prediction was no longer occurring, which resulted in closer 
agreement between the simulated and actual aggregated injury distributions for all monitor-able 
injury locations, types, and severities, including injuries to the head, neck, chest, abdomen and 
legs and potential asphyxiation (e.g., with a correlation coefficient of r2 = 0.97 on average). 
 
 Second, the statement that “This may be due to the fact that DRI adapted their proprietary 
version of this model to better simulate head injuries” is speculative and categorically not 
accurate. DRI’s proprietary version of the ATB simulation program has existed for decades, and 
was not “adapted” in any way for the purposes of the ATV ROPS simulations.  
 
 Third, the statement “exaggerated the benefits of helmet usage” is now out of date as noted 
above.I In the latest research the frequency of predicted head injuries accurately matches the 
frequency of real head injuries; and as discussed in Zellner, et al. (2012b), the effectiveness of 
helmet usage predicted by the simulations (i.e., 70%) closely matches the published effectiveness 
in the real world (i.e., 64%). 
 
 Fourth, the statement “underestimated the benefits due to the fitment of appropriately 
designed CPDs” is likewise now out of date because, as noted above, as a result of the latest 
research and for the baseline ATV, the predicted frequencies of injury for all body regions is 
much closer to the real observed frequencies for the baseline ATV, and with these refinements, 
the benefits of the Quadbar were found to be less than its benefits, which is opposite to what is 
proposed by this statement.  
 
8.3.5  The application of ISO 13232-5 for calculating Risk/Benefit Ratios 
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1. “The method described by ISO 13232 for calculating risk benefit ratios was found to be 
extremely susceptible to influences from a range of factors including: the population of 
test scenarios chosen; the inherent variability in each of these cases; and the accounting 
used to compare minor, non-permanent injuries with fatalities. (p34, bullet 5) 

 
 As discussed in Section II.B, Comment 10, the basis for the term “extremely susceptible” is 
unclear, unknown and not evident from the discussion presented by McDonald and Richardson 
(2011). The latter did not conduct any sensitivity analysis to assess this “susceptibility.” In 
addition, the McDonald and Richardson paper contains a large number of factual errors. Also, 
the discussion in that document is now largely out of date, as discussed in Section VII, R15, 
Comments 3 and 4. The sample70 of test scenarios chosen properly included overturns of all 
injury severities, in order to assess the effects on low injury and no injury events, which have 
much higher frequency, as is properly done in any kind of benefit and risk/benefit analysis; and it 
is not a biased sample of only severe cases, as proposed by McDonald and Richardson (2011). 
The “inherent variability” in each of these cases is true of any type of crash test, and is more 
relevant to the very small simulation samples used by Rechnitzer, et al. (2003), i.e., n=3 
overturns and Grzebieta and Achilles (2007), i.e., n=10 overturns. DRI addressed variability by 
using a relatively larger sample size (n= 110 overturn types), and then systematically perturbing 
each overturn type to produce a large sample (n=770 overturns), the overall outcome from which 
was much less sensitive to the variability of any one case.  
 
 As for comparing “minor, non-permanent injuries with fatalities”, the latest DRI research 
reported in Zellner, et al. (2012b) includes analyses of injuries of all severities, as well as 
probability of fatality and asphyxiation fatalities.  
 
2. “The proposed acceptable Risk / Benefit ratio of 7% mentioned in the Standard and 

supported by DRI was based on non-Quad bike examples from the USA and Europe, 
which may not be appropriate for this issue. (p34, bullet 5) 

 
 As discussed in Zellner, et al. (2012), Section II.C, the “First do no harm” (Hippocrates’) 
principle is a universal principle applicable to all health and safety interventions, not just to 
safety devices for ATVs, or cars, or motorcycles; nor just to pharmaceuticals, medical devices, 
etc. Vehicle safety authorities cite “First do no harm” as the objective of all safety 
enhancements.71  The “proposed acceptable Risk / Benefit ratio of 7%” that appears in 
International Standard 13232 (2005) is just one practical way to assess quantitatively the 
capacity of a safety device to “First do no harm.”  And, as a practical matter, there are no data for 
any acceptable safety devices for any vehicle that indicate a risk/benefit percentage greater than 
7%. 
 
3. “The standard by its own admission is not binding and clearly states that users may elect to 

develop other guidelines, or have no particular guidelines, depending on the nature of the 
research.” (p34, bullet 5) 

 

                                                            
70 Wordley and Field (2012) incorrectly use the phrase “population of test scenarios chosen”. “Population” refers to 
all events, whereas “sample” generally refers to a randomized and measured subset of all events. 
71 See Footnote 27. 
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 As discussed in Section VII, R15, Comments 7 and 9, this statement is accurate. If there are 
other methods to quantitatively assess the capacity of a safety device to “First do no harm”, they 
should be proposed and internationally standardized. But, at present, ISO 13232 (2005) is the 
only known international standard in the vehicle field that provides a means to quantitatively 
assess the capacity of a safety device to “First do no harm.” 
 
8.4  Experimental Tests 
 

− “Experimental tests conducted by the University of Southern Queensland indicate that 
the Quad Bar CPD is successful in arresting and preventing the roll of a bare Quad 
bike (no dummy) for both side roll and back flip scenarios.” (p34, bullet 6) 

 
 As discussed in Section VII, R12, Bullets 3, 155 and 22, “arresting the roll”, without 
restraining the rider, can have adverse effects, in that the separation distance between rider and 
ATV can be reduced (because, typically, the ATV tends to “roll” farther than the dummy), and 
this increases the likelihood of contact between the ATV/CPD and rider. This tendency has been 
observed in the latest DRI research reported in Zellner, et al (2012b) wherein, across 770 
overturn simulations, the Quadbar tended to reduce the number of quarter rolls, thereby reducing 
the final separation distance between the ATV and dummy, increasing the number of contacts 
between ATV/Quadbar and dummy, as well as the predicted injuries and probabilities of fatality, 
as a result of adding the Quadbar. 
 

− “The reviewers consider these results to be the most reliable indication (to date) of the 
potential effectiveness of the Quad Bar and other similar CPDs in preventing rider 
injuries and fatalities due to low speed roll over incidents.” (p34, bullet 6) 

 
 As discussed throughout Section V, R12, the University of Southern Queensland (USQ) tests 
(also referred to as the Snook (2009)) tests) are not reliable, and are based on the subjective, 
speculative and faulty assumption that during an overturn, an imaginary unrestrained rider would 
somehow be able to stay in the protected space without being contacted by the ATV or CPD; 
faultily assuming that “arresting the roll”, without restraining the rider, is beneficial, when in fact 
it can reduce the separation distance between rider and ATV, increasing the likelihood of contact 
between the ATV/CPD and rider; faultily assuming that the ATV “pole vaulting” motion 
induced by the Quadbar would not cause the ATV to land on a rider with greater speed and force 
(as illustrated in Figures 1 and 2 above); and faultily assuming that the Quadbar forcing the ATV 
to come to rest on its side is less injurious, whereas there is information to the contrary;72 
 
 The University of Southern Queensland (USQ) tests are not reliable, as they involved no 
injury-monitoring crash dummies, an artificial accelerator ramp (whereas real ATVs cannot 
accelerate (or slide) sideways in a linear manner), and purely subjective and speculative 
evaluation of how an imaginary rider might have “potential” to be protected. Therefore, the 
Snook (2009) tests are not reliable, not accurate, based on false premises, and somewhat 
misleading. 
 
8.5  Static Structural Tests 
                                                            
72 See Footnote 2. 
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− “Results from static structural tests of the Quad Bar indicate that it meets the 

recommended guidelines provided by the Occupational Safety and Health Service of 
New Zealand for the design of Quad bike CPDs, and also ISO 5700-2006 guidelines 
relating to small tractors ROPS, for a Quad bike weight of up to 300 kg.” (p35, 
bullet 1) 

 As discussed in Section V, R10, Comment 1, and R11, Comment 2, these standards, and 
these tests done by Sulman (2007) and Ridge (2009), respectively, only address the structural 
strength of the Quadbar, and have nothing to do with injury-monitoring crash dummy tests, none 
of which have been done to date by the makers or proponents of the Quadbar. The NZ Standard 
used by Sulman (2007) and Ridge (2009), and the associated tests, mistakenly assume that an 
unrestrained rider would somehow stay within the protective space provided by a device (in the 
NZ Standard, possibly by assuming that an adequate restraint system is present and is used). 
However, there is abundant full-scale test evidence and computer simulation evidence indicating 
that unrestrained crash dummies virtually always leave the “protective space” of a ROPS/CPD in 
an ATV overturn (as is the case with the Quadbar), more or less regardless of initial speed; and 
in doing so, can often be impacted by a roll bar-type device; or by the vehicle itself, the 
trajectory of which has been substantially affected by the roll bar in ways which demonstrably do 
not occur without the roll bar. 
 
8.6  Industry/Association Positions 
 

− “The FCAI's strong opposition to the fitment of CPDs in general and the Quad Bar in 
particular is based largely on the research produced by Failure Analysis Associates 
and DRI. Their reasons for rejecting such devices are not supported by this review.”  

 
 As discussed in Section V, Paragraph 2, “this review” by Wordley and Field (2012) is largely 
inaccurate. It is also now out of date, as it did not include several key references, including two 
more recent reports, published after Wordley and Field (2012), in Zellner, et al. (2012a), 
extensively replying to criticisms of the DRI research, and in Zellner, et al. (2012b), describing 
an updated analysis of the injury risks of the Quadbar, which took into account all known valid 
comments on the previous DRI research, and which found that the Quadbar injury and fatality 
risks exceeded its injury and fatality benefits. As discussed in detail in the current report, the 
scope and content of the latter reports are such as to invalidate most of the conclusions of the 
Wordley and Field (2012) report.   
 
 In addition, as discussed in Sections II.A, Comments 1 and 2; Section IIB, Comments 8 and 
14; Section V, Comment 1; and Section VII, R8, R12 and R15, Comment 14, the DRI results 
were based on the only computer simulations in this field that have been calibrated by means of 
full-scale ATV overturn tests using an appropriate injury-monitoring crash dummy. The Snook 
(2009), Grzebieta, et al. (2007) Sulman (2007) and Ridge (2009) reports upon which Wordley 
and Field appear to rely, did not use an appropriate injury-monitoring crash dummy nor did any 
of them involve evaluation across a suitably large range of overturn events based on real 
accidents. 
 

106 



− “The ACAHS’s support for the use of appropriately designed CPDs such as the Quad 
Bar was considered reasonable and justified, in light of the doubts surrounding the 
American research and the favourable results of the USQ’s experimental tests and the 
recent Monash University simulations.” (p35, bullet 3) 

 
 As discussed in Section VIII, Comment 6, the ACAH’s support is baseless and now out of 
date because: 
 

− The recent DRI reports in Zellner, et al (2012a) and Zellner, et al. (2012b) address all of 
the “doubts surrounding the American research”; 
 

− The University of Southern Queensland (Snook (2009)) experimental tests are defective 
because they:  

 
i) did not use any injury-monitoring crash dummy,  
 
ii) instead were based on speculation and faulty assumptions about whether a rider might 
or might not be able to remain in the “protective space” of the Quadbar whilst being acted 
upon by the lateral and other forces in an overturn;  
 
iii) failed to realize that the Quadbar could cause the vehicle to come to rest more 
frequently on its side on top of the rider (which is equally if not more injurious or fatal 
than on its top, because of load concentration73); 
 
iv) failed to realize that the rider, or portions of the rider, could leave the “protective 
space” and be impacted by the Quadbar or ATV in ways that were more severe than 
without a Quadbar; and  
 
v) failed to acknowledge that that the Quadbar itself provided a high profile, rigid 
projection that could injure the rider, not only in overturns but potentially whilst riding on 
rough ground. 

 
− The recent Monash University (Grzebieta and Achilles (2007)) simulations are defective 

because they:  
 

i) used the wrong car frontal crash dummy and injury criteria to evaluate lateral and 
rearward overturns, which is inappropriate;  
 
ii) attempted to model specific cases when there was insufficient information to do so;  
 
iii) unrealistically modelled the real accidents (e.g., 0.5 m kerb height); and  
 
iv) found that the Quadbar was dangerous in frontal overturns. 

 

                                                            
73 See Footnote 2. 
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− “The Victorian Branch of the AWU and its position to ban the use of Quad bikes not 
fitted with some form of CPD is understandable given the number of fatal incidents 
and information provided by other experts in the field. The AWU has also raised the 
issue of a lack of design standard and appropriate rider training.” (p35, bullet 4) 

 
 As discussed in Section VII, R2, Comment 1, the number of fatal incidents per 100,000 
vehicles is less than that for road vehicles, and 1/10 that of road motorcycles, both of which 
many workers use daily. 
 
 As discussed in Section 8.6, Comment 2, “the information provided by other experts in the 
field” is defective in that that information is not based on appropriate injury monitoring crash 
dummies and sufficient numbers of realistic overturn events.  
 
 As for “design standard”, all ATVs (as contrasted from “quad bikes”) imported into Australia 
by FCAI members meet the ANSI/SVIA 1-2010 safety standard (comprising approximately 30 
safety provisions, including the ratio of centre of gravity (which the AU article mentions) to 
wheelbase height) but ATVs imported by Asian new entrants may not. 
 
 As for “appropriate rider training”, it is understood that many organizations in Australia 
provide appropriate rider training, including Honda Australia Rider Training (HART) and 
Yamaha ATV Safety Institute.  
 

− “The RACS encourages further research into the design and development of ROPS or 
CPDs for Quad bikes. Such research is clearly needed to quantify potential benefits 
and to determine the most effective form of such protection, ultimately culminating in 
design standards and specifications,” (p35, bullet 5) 

 
 To date, the feasibility of ROPS or CPDs that:  
 

− reduce injuries and fatalities, and do not cause an unacceptably high proportion of new 
injuries that did not occur before; and that 
 

− do not adversely affect the mobility, stability, utility, visibility, ride, and ergonomics of 
the vehicle,  

 
has not been established by scientifically valid research. Therefore it is not appropriate to assume 
that “design standards and specifications” that would meet these basic requirements can be 
developed for such straddle-seat-handlebar-controlled-ride-on-top-active riding-helmet-required 
vehicles. 
 

− “This review identifies serious issues with the simulation methods used and the nature 
of incidents tested to predict the effect of crush protection devices on Quad bike roll 
over injuries and fatalities. Limited experimental and simulation results indicate that 
the Quad Bar crush protection device demonstrates potential to reduce rider harm in 
such events.” (p35, full paragraph 1) 
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 As discussed in Section VIII, 8.6, Comment 1, and Section V, Paragraph 2, “this review” by 
Wordley and Field (2012) is largely inaccurate and also now out of date, as it did not include 
several key references, including two recent reports by Zellner, et al. (2012a) extensively 
replying to criticisms of the DRI research, and by Zellner, et al. (2012b) describing an updated 
analysis of the injury risks of the Quadbar, which take into account all known valid comments on 
the previous DRI research, and which found that the Quadbar injury and fatality risks exceeded 
its injury and fatality benefits. As discussed in detail in the current report, the scope and content 
of the latter reports are such as to invalidate most of the conclusions of the Wordley and Field 
(2012) report.   

 In addition, as discussed in Sections II.A, Comments 1 and 2; Section IIB, Comments 8 and 
14; Section V, Comment 1; and Section VII, R8, R12 and R15, Comment 14, the DRI Quadbar 
results were based on the only computer simulations in this field that have been calibrated by 
means of full-scale ATV overturn tests using an appropriate injury-monitoring crash dummy. 
The Snook (2009), Grzebieta, et al. (2007), Sulman (2007) and Ridge (2009), reports upon which 
Wordley and Field appear to rely, did not use an appropriate injury-monitoring crash dummy and 
nor did any of them involve evaluation across a suitably large range of overturn events based on 
real accidents. 
 
8.7  Conclusion 
 
1. “This review identifies serious issues with the simulation methods used and the nature of 

incidents tested to predict the effect of crush protection devices on Quad bike roll over 
injuries and fatalities.” (p35, full paragraph 1) 

 
 As discussed in Section II.B, Comment 4, and Section IX, 8 .3.1, Comment 2, this statement 
is not accurate in regard to many of the claimed “serious issues”, as many of these were the 
result of misunderstandings by or lack of thoroughness on the part of the critics, as extensively 
explained in Zellner, et al. (2012a). As described in the latter report, most of the very extensive 
DRI documentation was apparently never reviewed by the critics, including for example, 
Lambert; and what was reviewed was misunderstood by them at a basic level.  
 
 This statement is also now out of date, as virtually all of the claimed “serious issues” have 
recently been formally addressed in the Zellner, et al. (2012a) replies to comments, and also 
addressed by means of updates and refinements to some of the modelling conventions and 
methods, as described in Zellner, et al. (2012b). The latter two reports have fully addressed all of 
the known claimed “serious issues”. The updated results indicate that the injury and fatality risks 
of the Quadbar are greater than its injury and fatality benefits.  
 
2. “Limited experimental and simulation results indicate that the Quad Bar crush protection 

device demonstrates potential to reduce rider harm in such events.” (p35, full paragraph 1) 
 
 
 This statement is baseless because, as discussed in Section VII, the Snook (2009), Sulman 
(2007) and Ridge (2009) research upon which Wordley and Field appear to rely, did not evaluate 
rider harm at all, and the Grzebieta, et al. (2007) research upon which Wordley and Field also 
rely did not properly evaluate rider harm, i.e., it did not use an appropriate injury-monitoring 
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crash dummy or a suitably large number of representative overturn events based on real 
accidents. 
 
 In fact, the DRI research on the Quadbar, including in particular the most recent research in 
Zellner, et al (2012b) is the: 
 

− only research in this field that was based on using an appropriate injury-monitoring crash 
dummy to evaluate rider harm; 
 

− only computer simulation in this field that has been calibrated by means full-scale ATV 
overturn tests; 
 

− only research in this field which has used a suitably large sample of representative 
overturn events of all severities, which is based on real accident data; 
 

− only research in this field that used relevant portions of international standards for 
evaluating rider harm; and  
 

− only research in this field that has addressed all valid comments made on its previous 
methodologies.  

 
This is further discussed in Sections II.A, Comments 1 and 2; Section IIB, Comments 8 and 14; 
Section V, Comment 1; and Section VII, R8, R12 and R15, Comment 14, and Section IX, 8.6, 
Comment 5.” The updated results indicate that the injury and fatality risks of the Quadbar are 
greater than its injury and fatality benefits. 
 
So, rather than there being “Limited experimental and simulation results indicat[ing] that the 
Quad Bar crush protection device demonstrates potential to reduce rider harm in such 
events”, the only valid and relevant research is directly to the contrary.  
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SECTION X 
 

COMMENTS ON “RECOMMENDATIONS” (SECTION 9) 
 
 The comments on the “Recommendations” (Section 9) are as follows: 
 

− “A new incident dataset be developed based on Australian and perhaps New Zealand 
Quad bike fatality reports. This dataset should be used for future simulations into the 
effectiveness of crush protection devices.” (p35, paragraph 2, Item 2) 

 
 Such an incident database would be potentially useful, if its general size, quality and 
representativeness are sufficient to support this type of research. Such an incident database 
should be, as the UK and US databases previously were, sanitized for privacy issues, and made 
available to the public, or at least to the stakeholders, including the ATV industry. 
 
 This statement is interesting, in view of the criticisms made by Wordley and Field (2012) that 
the UK and US databases contained “insufficient information to completely define the accident 
scenario”, as discussed in Section II. B, Comments 2, 6 and 19, and Section IX, Comment 7.  
The UK/US database comprised three different parts: the text summaries for all of the UK/HSE 
cases, which were typically limited to two lines of text; coded data for the earlier US/CPSC cases 
obtained, which involve about 61 coded variables for each case; and text summaries for the later 
US/CPSC cases obtained, which involved on average about 7 lines of text. These case 
descriptions are believed to be the “best available information” for those regions, that provide a 
relatively large sample of ATV overturns of all injury severities, collected by (presumably 
neutral, uninvolved and to some extent trained) government investigators, in each case based on 
a variety of sources. 
 
 Since the purpose of such a database is to support societal-level analysis of protective device 
benefits and injury risk/benefit analysis, then such an incident database should at a minimum (or 
ideally):74 
 

− “include at least 200…[overturn] accidents”;  
 

− “be uniformly sampled data from all reporting facilities for a given region (i.e., a 
randomized sample” or a census;  
 

− “be the result of in-depth investigations including on-site measurements and 
reconstructions”; 
 

− only involve “ATV” (as defined in ANSI-SVIA 1) accidents;  
 

                                                            
74 These are based in part on the general requirements for defining “Standardized accident configurations” for the purposes of 
risk/benefit analysis, and the quotations are extracted from ISO 13232-5 (2005), clause 4.2.2.1, page 3, and Annex F (Rationale), 
clause F.2.2.1, page 45. DRI used these as an objective in the ATV overturn research, but found them difficult to achieve, as 
ATV accidents typically occur in remote areas, with delayed notification, and with no uniform or standardized reporting. In 
addition, no standardized in-depth accident investigations have ever been done for ATV accidents; nor does a suitable 
internationally agreed methodology exist for such investigations. 
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− “include all of the [relevant human, vehicle, environmental, overturn and injury 
variables]; 
 

− be sanitized for privacy information; and 
 

− “be available for analysis and potential publication.” 
 
In particular, the accident case information should be a relatively large sample of ATV overturns 
of all injury severities, collected by (presumably neutral, uninvolved and at least to some extent, 
trained) government investigators, in each case based on a variety of sources. Such archival data 
should not be the result of the investigations, reconstructions, etc. of private parties that have an 
interest in the particulars of one or more cases; and the data should be backed up to the extent 
feasible by photographs, measurements, records and other objective information, and stored by 
the relevant government agency. 
 
 In addition, as stated in ISO-13232 (2005), and Annex F (Rationale), clause F.2.2.1, page 45:  
 

 “One way to select pertinent …configurations for testing is to select configurations 
which occur relatively frequently in the real world. For example, proposed 
protective devices should be at least non-harmful in impacts which occur relatively 
frequently. In order to determine "frequently occurring impacts", the sample needs 
to meet several minimum requirements. 

 
Large randomized samples of the accident population are needed in order to 
provide a statistically suitable basis for describing the distribution of impact 
conditions. "Randomized" refers to the sampling protocols used, for example, 
including all accidents from all reporting services (e.g., police, ambulance, hospitals, 
fire, etc.) within the sampling region. If the sample is biased (e.g., hospital [or fatal] 
only), the data will emphasize certain categories of accidents and injuries, and 
cannot be used validly to describe the population of accidents [emphasis added]. 
"Large" means in comparison to the number of variables of interest and number of 
ranges of the variables of interest.” 

 
 Further, the OECD document “Motorcycles - Common international methodology for in-
depth accident investigations”, Part 2,75 states that: 
 

“A minimum of 100 in-depth on-scene motorcycle accident investigations shall be 
done, in final complete data form, for each sample area and sample period.  
 
A recommended number of 360 in-depth on-scene motorcycle accident 
investigations should be done, in final complete data form, for each sample area and 
sample period.” [emphasis added] 

 

                                                            
75 See Footnote 68. 
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Annexes A and B of the OECD Common Methodology provide the rationale for the minimum 
sample sizes, which pertain to the 95 percent confidence intervals for extending the sample 
estimate to the population of accidents. 
 
− “A preliminary standard be proposed for the design and specification of Quad bike CPDs, 

perhaps based upon the existing New Zealand guidelines, or those for Tractor ROPS.” 
(p35, paragraph 2, Item 3) 

 
 This is a faulty and baseless recommendation, as it does not properly take into account injury 
outcomes. As discussed in Section VI, R10, Comment 1, these guidelines and standards (i.e., 
“the existing New Zealand guidelines” or “those for a Tractor ROPS”) only address the 
structural strength of a roll bar. For unrestrained occupants, presence of such a structure may 
not be directly related to injury outcomes. They are not based on results of injury-monitoring 
crash dummy tests and either: a) mistakenly assume that an unrestrained rider somehow is able 
to stay within the protective space provided by a device whilst being acted upon by lateral and 
other forces during an overturn; or b) that a restraint system is present and used. Neither of these 
situations apply to the Quadbar. 
 
 There is abundant full-scale test evidence and computer simulation evidence indicating that 
unrestrained crash dummies, or portions thereof, usually leave the “protective space” of a 
ROPS/CPD in an ATV overturn (as is most often the case with the Quadbar), more or less 
regardless of initial speed; and in doing so, can often be impacted by a roll bar-type device; or by 
the vehicle itself, the trajectory of which has been substantially affected by the roll bar, in ways 
which demonstrably do not occur without the roll bar. This means that new injuries are created, 
that did not previously occur without the roll bar. 
 

− “The research is undertaken by researchers in Australia with expertise in this field.” 
(p36, Item 5) 

 
 It is unclear what “this field” means in this statement.  
 
 In addition, it is unclear whether there is currently any, or any sufficient experience, in 
Australia with standardized crash dummies that are appropriate for straddle-seat-handlebar-
controlled-helmet-required-ride-on-top-active-riding ATVs or other similar vehicles. To our 
knowledge, to date there have been no valid ATV overturn tests in Australia, and all crash tests 
with motorcycles in Australia have to date been done with car frontal crash dummies, which in 
general:  
 

− cannot properly sit on a straddle seat with realistic posture (e.g., lumbar spine is too stiff, 
head cannot be “leveled,” and depending on pelvis used, cannot properly straddle a 
straddle seat) 
 

− cannot grip a handlebar;  
 

− cannot properly retain a helmet;  
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− cannot monitor for lateral, vertical and rearward injuries;  

− do not have human-like response for lateral, vertical and rearward impacts; 
 

− ignore the applicable international standard ISO 13232 (2005) dummy for motorcycle 
impact tests; 
 

− have an excessively stiff, un-human-like neck intended to minimize car steering wheel 
impacts, that do not meet biomechanical dynamic response corridors in the lateral and 
fore and aft directions; 
 

− must usually be tethered to a ground-based data recorder, which tends to distort dummy 
motions in 3D, ride-on-top vehicle overturn applications. 
 

In addition it is unclear what biomechanics expertise is available in Australia that could be 
applied to this type of research.  

 
− “Experiments: Basic Quad bike lateral roll, forward flip and back flip tests for a range 

of speeds and slope angles should be conducted using an instrumented dummy.” (p36, 
Item 6) 
 

It is unclear what the term “basic” means in this statement. ATVs can overturn in a wide variety 
of ways, and oversimplified test methods will result in unrealistic overturn conditions.  
 
 Experimentally, and in the real world, ATV overturns often can involve combined axis 
overturns, such as yaw/roll, pitch/roll, yaw/pitch/roll, in addition to lateral roll, forward pitch, 
and rearward pitch. These have been included in the DRI research to date.  
 

− The “Vehicle Accelerator ‟developed by The University of Southern Queensland could 
be utilised for these tests.” (p36, Item 6) 

 
 This is a faulty and poor recommendation, as the USC “Vehicle Accelerator”, as discussed in 
Section V, R12: 
 

− Provides unrealistic ATV motions; 
 

− Has no documentation which supports the claim that it provides “linear and angular 
momentum commensurate [emphasis added] with those experienced in an actual roll over 
event;”  
 

− Provides overturn motions that, on the face of it, are very different from real ATV 
overturns, which generally do not involve, e.g., sliding sideways at relatively high speed 
on a frictionless surface, and then “tripping” on a mechanical stop. This means that the 
initial linear momentum (and therefore the angular momentum) provided by the 
apparatus for the sideward test by definition cannot be “typical”, “correct” or 
“commensurate”;  
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− Produces an angular momentum induced by the lateral “trip” mechanical stop that would 

be far greater than those that have been observed in that real ATV low speed overturn 
tests, described by, e.g., Van Auken, et al. (1998), which tend to be  far more gradual; 
 

− Provides a sudden, impulsive, artificial, relatively high speed, “tripped” rotation;  
 

− Has not been demonstrated for forward pitch overturns, or for combined axis overturns, 
such as yaw/roll, pitch/roll, yaw/pitch/roll, which occur in real ATV overturns, and which 
are relevant; 
 

− Is based on a “stop” bar, which impacts against the tyre sidewalls, in order to “trip” the 
ATV. Therefore the angular speed resulting from the trip strongly depends on the 
particular ATV’s tyre characteristics (e.g., stiffness, damping, inflation pressure, etc.). 
This means that one could change the outcome of the test of a CPD merely by changing 
the tyres used, which is not reasonable; 
 

− Uses a surrogate handlebar, which is not part of the original ATV, which appears to be 
able to arrest the roll, and which has been observed to hold the Quadbar off the ground; 
 

− “Simulations: Computer simulations should be used to accurately correlate the 
experimental tests, on the basis of both dummy and bike motions, and recorded 
injuries.” (p36, Item 6) 

 
 As discussed in Section VII, R15, and Section IX, 8.3.3, Comment 1, this correlation 
between experimental test and computer simulations (in terms of dummy and ATV motions) is 
generally what the DRI research to date has included. However, as discussed in Section VII, 
R15, this is not sufficient, and such calibration/correlation overall should also involve  other 
steps, i.e.:  
 

− Controlled laboratory tests of the dummy components, to ensure they have human-like 
response in comparison to published response “corridors” (e.g., force versus time, etc.) 
based on human cadaver or volunteer tests, as was done in the DRI research as described 
by Kebschull, et al. (1998), and as is required by, e.g., ISO 13232-7, 4.5 (2005);  
 

− Controlled laboratory tests of ATV and ROPS/CPD characteristics, as was done in the 
DRI research as described by Zellner, et al. (2012b); 
 

− Controlled laboratory tests of human injuries versus dummy response, typically by means 
of comparing cadaver injuries and responses to crash dummy responses, as extensively 
documented in, e.g., ISO 13232-3 (2005) and ISO 13232-5 (2005); 
 

− Controlled full-scale tests of terrain and soil characteristics, such as measurement of 
dummy/soil coefficient of friction and dynamic matching of ATV/soil and CPD/soil 
effective coefficient of friction as a part of simulation calibration, as described in Zellner, 
et al. (2012b); 
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− Controlled full-scale tests of dummy and ATV motions to and beyond the point of ground 

contact, as described in Van Auken, et al. (1998), and as required for motorcycle 
simulations in ISO 13232-7 (2005). 

 
These types of calibration against controlled laboratory and full-scale tests are the widely 
accepted methods of calibrating computer models of crash events.   
 

− “In-the-field data gathering: Fit a large sample (>100) of Quad bikes currently being 
used by farmers with light weight and inexpensive devices which are capable of 
recording video, accelerations, speed and map position of the bike whilst it is being 
used in the field. Data gathered from this study would provide insight into the 
operational characteristics of Quad bikes, and quite likely some examples of loss of 
control and roll over events.” 

 
 This could be useful in order to collect data on normal use and potential misuse (i.e., not 
following warning labels) on ATVs. Such data should be sanitized for privacy purposes and 
made public, or at least provided to stakeholders, including the ATV industry. 
 

−  It is acknowledged that some proportion of this sample population will include bikes 
fitted with CPDs which would provide useful additional data as to the effectiveness of 
such devices.” (p36, Item 6) 

 
 This recommendation is inappropriate and unethical, as it is inappropriate to experiment with 
human subjects in the crash protection field, particularly when all research on CPDs to date that 
has evaluated injuries (by means of appropriate injury monitoring dummies), has found that they 
have injury risks which are unacceptably high in comparison to, and in some cases greater than, 
their injury benefits. In the most recent research reported by Zellner, et al. (2012b), the Quadbar 
CPD was found to have injury and fatality risks in the sample of 770 overturns that were greater 
than its injury and fatality benefits. 
 
 As discussed in Section VI, R8, even Grzebieta and Achilles (2007) found that in the frontal 
overturn the “Quad[b]ar lands on the rider’s right rib cage”76 and that “It appears to be an 
increased risk in frontal rollovers as the Quad-bar may come into contact with the rider when the 
full weight of the ATV is behind it.” This result of Grzebieta, et al (2007) indicates that the 
Quadbar violates the “First do no harm” principle of safety interventions. 
 
 In addition, it is highly unlikely that the number of injury-producing and non-injury 
producing overturns in such an exposure sample would enable statistically significant results to 
be obtained, or that the study would have sufficient controls to enable this to be estimated, i.e., 
there would be far too many variables between overturns that would make each overturn 
different and essentially unique.  
 

                                                            
76 Grzebieta, et al. (2007), p44. 

116 



− “In the meantime, regulatory bodies should consider the use of the Quad Bar CPD (or 
an equivalent device) for riders who use Quad bikes at low speeds in the workplace or 
for recreational use. This device appears to provide potential to reduce injuries and 
fatalities, particularly those arising from low speed lateral roll and back flip events.” 
(p36, Item 7) 

 
 This recommendation is inappropriate and unethical, invalid and also totally impracticable. 
 
 It is inappropriate and unethical to experiment with human subjects in the crash protection 
field, particularly when all research on CPDs to date that has evaluated injuries (by means of 
appropriate injury monitoring dummies) has found that they have injury risks which are 
unacceptably high in comparison to, and in some cases greater than, their injury benefits. In the 
most recent research reported by Zellner, et al. (2012b), the Quadbar CPD was found to have 
injury and fatality risks in the sample of 770 overturns that were greater than its injury and 
fatality benefits. 
 
 As discussed in Section VI, R8, even Grzebieta and Achilles (2007) found that in the frontal 
overturn the “Quad[b]ar lands on the rider’s right rib cage”77 and that “It appears to be an 
increased risk in frontal rollovers as the Quad-bar may come into contact with the rider when the 
full weight of the ATV is behind it.” This result of Grzebieta, et al (2007) indicates that the 
Quadbar violates the “First do no harm” principle of safety interventions. 
 
 The above statement is invalid because the claimed “potential to reduce injuries and 
fatalities” in “low speed lateral roll and back flip events” is based on the USQ tests of Snook 
(2009), which are defective because they:  
 

i) did not use any injury-monitoring crash dummy,  
 
ii) instead were based on speculation and faulty assumptions about whether a rider might 
or might not be able to remain in the “protective space” of the Quadbar whilst being acted 
upon by the lateral and other forces in an overturn;  
 
iii) failed to realize that the Quadbar could cause the vehicle to come to rest more 
frequently on its side on top of the rider (which is equally if not more injurious or fatal 
than coming to rest on its top, because of load concentration);  
 
iv) failed to realize that the rider, or portions of the rider, could leave the “protective 
space” and be impacted by the Quadbar or ATV in ways that were more severe than 
without a Quadbar; and  
 
v) failed to acknowledge that that the Quadbar itself provided a high profile, rigid 
projection that could injure the rider, not only in overturns but whilst riding on rough 
ground. 

 

                                                            
77 Grzebieta, et al. (2007), p44. 
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 Finally, this statement is totally impracticable because, even if the Quadbar did provide a net 
benefit and small risk/benefit percentage in “low speed lateral roll and back flip events” – which 
the DRI research does not indicate -- it is not practicable to limit ATV operation so that only 
have “low speed lateral roll and back flip events” are possible.  
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SECTION XI 
 

SUMMARY AND CONCLUSIONS 
 

 This report provides comments on a report by Wordley and Field (2012) entitled “Quad Bike 
Safety Devices: A Snapshot Review.” The Wordley and Field (2012) report is a literature review 
and commentary on the topic of research into crush protection devices (CPDs) and rollover 
protection devices (ROPS) that have been proposed to be fitted to All Terrain Vehicles (ATVs). 
 
 In this report, the term “All Terrain Vehicle” refers to a “A motorized off-highway vehicle 
designed to travel on four low pressure tires, having a seat designed to be straddled by the 
operator and handlebars for steering control” as defined in ANSI-SVIA 1-2007, which in April 
2009 became a mandatory safety standard in the United States, which accounts for more than 
90% of ATV production and sales worldwide. In this report, the term “quadbike” (or “quad”) is a 
slang, non-legally precise term used in some regions, which may include ATVs, but which has 
also been used to refer to other, diverse, four wheeled vehicles that do not comply with 
ANSI/SVIA-1-2010. The term "CPD" refers to devices like the Quadbar which have a structure 
intended to provide overturn protection and no restraint belts. The term "ROPS" refers to 
systems which have a structure intended to provide overturn protection and one or more 
restraints (e.g., belts). The term "overturn" is considered to include rollovers, pitchovers and 
combined axis overturns of a vehicle. The term "misuse" refers to using a product in a way that is 
contrary to the warning labels that are required on ANSI/SVIA 1-2010-compliant ATVs, for 
example, not wearing a helmet, use of adult-sized ATVs by children, etc.  
 
 DRI’s comments on the Wordley and Field (2012) report, presented herein, are somewhat 
detailed, as the Wordley and Field (2012) report itself is relatively detailed. 

 
 Overall, some of the Wordley and Field (2012) report contains factual information, 
accurately summarized. Unfortunately, much of the remainder of the Wordley and Field (2012) 
report consists of interpretations and characterizations of reports, which are to some extent 
inaccurate, incomplete, now out of date, based on false premises, without clear basis, not 
relevant and/or unclear. In part this is because the Wordley and Field (2012) report did not take 
into account the extensive documentation provided in the context of the Victorian Coronial 
inquests into deaths associated with ATVs, and other past research on ROPS/CPDs. In addition, 
many of the comments in the Wordley and Field (2012) report are now out of date, and therefore 
inaccurate in light of further, contemporaneous DRI research (i.e., Zellner, et al. (2012b)) and 
DRI’s report replying to comments (i.e., Zellner, et al. (2012a)), both published in August 2012. 
 

In addition, the Wordley and Field (2012) report is stated to have “been overseen by a 
committee comprising … [amongst others] Yossi Berger (AWU), and Tony Lower 
(University of Sydney)” (p6, paragraph 4)).  It is noted that Dr. Berger’s organization and Dr. 
Lower were both outspoken advocates of fitting CPDs to ATVs prior to publication of this 
Wordley and Field (2012) report. The report does not describe what steps were taken to ensure 
that this prior advocacy did not influence the numerous opinions in support of the Quadbar CPD 
expressed in the report. 

Examples of inaccuracies in the Wordley and Field (2012) report include: 

119 



 
− The fact that the “MATD” used by DRI is not a simulation program as stated by 

Wordley and Field (2012) (p2, bullet 2), but rather it is an internationally standardized 
crash dummy (i.e., standardized by the International Standardization Organization). This 
statement suggests that the authors are not well versed in either “crash simulation 
programs” or “crash dummies:” 
 

− The fact that many of the claimed “large number of shortcomings” (p2, bullet2) in the 
simulation models used by DRI were the result of misunderstandings by, or lack of 
thoroughness on the part of, Lambert, as extensively explained in Zellner, et al. (2012a). 
As described in the latter report, most of the very extensive DRI documentation was 
apparently never reviewed by Lambert; 
 

− The fact that that the ATV (and dummy) motions simulated by DRI correlated strongly 
and objectively with those measured in the 12 DRI overturn tests, whereas Wordley and 
Field (2012) state inaccurately and without basis that the “roll dynamics [of the 
simulations]…are potentially inaccurate” (p2, bullet 5); 
 

− The fact that Piziali, et al. (1993) of Failure Analysis Associates (FAA) in fact tested the 
Dahl ROPS assuming the operator “properly fastens the restraints” (Piziali, page 1, bullet 
3), whereas Wordley and Field (2012) state inaccurately that “no seat belt or restraint 
system was used” (p15, paragraph 1); 
 

− The fact that the Piziali, et al. (1993) test speeds were not (either mostly or particularly) 
“high speed” (i.e., they included rearward pitchovers at 13 -14 km/h (8 – 9 mi/h) and 
lateral rollovers at 18 – 24 km/h (11 – 15 mi/h), whereas Wordley and Field (2012) state 
inaccurately that “These [Piziali] tests employed relatively high speeds which resulted 
in a high level of predicted injuries” (p15, paragraph 3); 
 

− The fact that the Munoz, et al. (2007) DRI report found that, for helmeted riders, the 
injury risks of fitting the Quadbar (i.e., the new injuries created by it) were 99% of the 
injury benefits of fitting the Quadbar (i.e.,. the injuries reduced by it). This is 
categorically not the same as a “1% improvement in risk benefit ratio due to addition 
of the Quad Bar”, as inaccurately stated by Wordley and Field (2012) (p21, paragraph 
1); 
 

− The fact that International Standard ISO 5700-2006 states that it “is applicable to tractors 
having…an unballasted tractor mass of not less than 800 kg” [italics added], whereas 
Wordley and Field (2012) state inaccurately that “ISO 5700-2006 …is a standard 
generally used for small tractors (weighing less than 600 kg…” (p24, R11, paragraph 
1). 
 

− The fact that the extensive documentation provided by DRI to the Coronial hearings 
included nearly 700 sets of computer simulation input files, each set comprising 
approximately 100 pages, which describe in great detail the front axle characteristics, tyre 
vertical and horizontal factors, shock absorber characteristics, force-deflection 
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characteristics for the ATV surfaces, and numerous other details of the models, whereas 
Wordley and Field (2012) state inaccurately that “Lambert’s review of the DRI 
research finds a number of deficiencies in the way the quad bike is modelled and 
reported including a lack of front axle characteristics, tyre vertical and horizontal 
factors, shock absorber characteristics, deformation values for Quad bike surfaces.” 
(p28, full paragraph 1); 
 

− The fact that the “injury risks” from fitting the Quadbar denote the newly created 
additional injuries (including those caused by contact with the ROPS/CPDs) that did not 
occur in the corresponding overturns with the baseline ATV (without the ROPS/CPD), 
whereas Wordley and Field (2012) state quite inaccurately and misleadingly that “the 
bare Quad bike was equally capable of inflicting the same injuries [as the Quadbar] 
in the simulations.” (p32, bullet 2);.  
 

− The fact that the Quadbar can indeed be rejected on the same basis as other ROPS/CPDs 
evaluated, i.e., as it was found in Munoz, et al. (2007) and more recently in Zellner, et al. 
(2012b) to cause as many, or more, new injuries as it prevented, which is a reasonable 
basis on which to reject a device, whereas Wordley and Field (2012) state inaccurately 
that “the Quad Bar is clearly very different to earlier and more substantial ROPS 
designs and should not be rejected on the same basis.” (italics added)(p32, paragraph 
1); 
 

− The fact that the experimental correlations of the simulation for each of the 12 DRI full-
scale overturn tests were done for a time interval that was as long as the ATV and rider 
were visible in each high speed camera view, which were between 2 quarter rolls (one 
half roll) and 4 quarter rolls (i.e., one full roll), for each test and each camera view. This 
is well into the overturn sequence and ground contacts, and the results indicated close 
agreement and correlation of the ATV and dummy motions when comparing the 
simulations to the tests, whereas Wordley and Field (2012) state inaccurately that “The 
experimental correlation tests conducted by DRI only compare the motions of Quad 
bike and rider in the initial stages of the accident. These tests were found to be 
completely insufficient in proving any correlation with the motion of the bike and 
rider after it makes contact with the ground.” (p34, paragraph 8.3.3); 
 

− The fact that the University of Southern Queensland (USQ) tests, also referred to as 
Snook (2009), are not reliable, and are based on subjective, speculative and faulty 
assumptions including: 

− that during an overturn, an imaginary unrestrained rider would somehow be able 
to stay in the protected space without being contacted by the ATV or CPD;  

− that the presence of a rider would not affect the dynamic motions of the ATV; 
− that “arresting the roll” without restraining the rider is beneficial, when in fact it 

tends to reduce the separation distance between rider and ATV, increasing the 
likelihood of contact between the ATV/CPD and rider; 

− that the “pole vaulting” motion of the ATV induced by the Quadbar, as observed 
in the Snook (2009) tests, would not enable the ATV to land on a rider with 
greater speed and force; and  
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− that the Quadbar forcing the ATV to come to rest on its side is less injurious, 
when there is information indicating that fatalities and serious injuries can occur 
when an ATV comes to rest on its side.  
 

The USQ tests are also unreliable because they involved no injury-monitoring crash dummies 
and an artificial accelerator ramp (whereas real ATVs cannot accelerate (or slide) sideways 
in a linear manner). Therefore, the Snook (2009) tests are not reliable, not accurate, based on 
false premises, and somewhat misleading, whereas Wordley and Field (2012) nevertheless 
states that  
 

“The reviewers consider these [Snook (2009) results to be the most reliable 
indication (to date) of the potential effectiveness of the Quad Bar and other similar 
CPDs in preventing rider injuries and fatalities due to low speed roll over incidents” 
(p34, paragraph 8.4);  
 
“These [USQ] results indicate the potential effectiveness of the Quad Bar and other 
similar CPDs in preventing rider injuries and fatalities due to low speed roll over 
incidents”(p2, bullet 8), when injuries and fatalities were never evaluated by Snook 
(2009); and  
 
“Limited experimental… results [i.e., of Snook (2009] indicate that the Quad Bar 
crush protection device demonstrates potential to reduce rider harm in such events” 
(p3, paragraph 1). 

 
In addition, some of the Wordley and Field (2012) statements are somewhat misleading, 

based on false premises or can be seen to have no basis at all. For example: 
 

− The fact that the FAA and DRI studies are not “similar” to studies performed by Monash 
University and the University of Southern Queensland, except for the fact that they all 
involved ATVs and some form of proposed ROPS or CPD, whereas Wordley and Field 
(2012) state somewhat misleadingly that “The relevant research conducted by 
American private consulting firms Failure Analysis Associates and Dynamic 
Research Incorporated (DRI) will be reviewed and compared with similar studies 
performed by Monash University and the University of Southern Queensland.” The 
Failure Analysis Associates (FAA) and DRI experimental studies involved standardized, 
instrumented injury-monitoring crash dummies, testing on actual terrains with ATVs (and 
also on a forward impact sled), and application of standardized injury evaluation 
methods. In contrast to these studies, the University of Southern Queensland study, 
involved no injury-monitoring crash dummy, an artificial accelerator ramp (whereas real 
ATVs cannot accelerate sideways in a linear manner) and purely subjective and 
speculative evaluation of how a rider might have “potential” to be protected within the 
“protective space” provided by a CPD, mistakenly assuming a rider would somehow be 
able to stay within the “protective space” without any body region being trapped or 
impacted by the CPD and/or the ATV, whilst being acted upon by the lateral forces (even 
those at low or zero speed) that are involved in a dynamic rollover. The Monash 
University computer simulation studies (also referred to as Rechnitzer, et al. (2003) and 
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Grzebieta and Achilles (2007) involved inappropriately applying a car “frontal” crash 
dummy (which has a non-human-like lateral response and is unable to monitor for lateral 
injuries) to lateral and rearward rollovers of ATVs, subsequent to the date (1996) when a 
standardized, multi-directional dummy suitable for straddle-seat-handlebar-steered-
helmet-required vehicles was available;  
 

− The fact that DRI’s goal was to create a set of general "types" or "categories" (also 
referred to in the DRI reports as “configurations” or “scenarios”) of overturn, within 
which each specific accident case resided, rather than to somehow recreate each of the 
accident cases in detail, which would have been impossible. The latter was not the goal, 
and would have been impossible, given the extremely limited detail available in ATV 
case files. Wordley and Field (2012) state, based on a false premise, that “In general, 
these incident descriptions were extremely brief and contained insufficient 
information to accurately define the accident scenarios.” (p1, bullet 3), which was not 
DRI’s goal. 
 

− The fact that “arresting the roll”, without restraining the rider, tends to have adverse 
effects, in that the separation distance between rider and ATV can be reduced (because 
typically, the ATV tends to “roll” farther than the dummy), and this increases the 
likelihood of contact between the ATV/CPD and rider, whereas Wordley and Field 
(2012) state misleadingly that “Experimental tests conducted by the University of 
Southern Queensland indicate that the Quad Bar CPD is successful in arresting and 
preventing the roll of a bare Quad bike (no dummy) for both side roll and back flip 
scenarios.” (p34, paragraph 8.4); 
 

− The fact that it is unknown which of the nine types of forensic asphyxia as discussed in 
Sauvageau, et al. (2010) occurred in any of the “asphyxiation or respiratory difficulty 
(n=14)” cases described by Lower (2010) that are reported in Wordley and Field (2012) 
(p11), nor is it known how many of these caes, if any, were associated with being pinned 
beneath an ATV (on its side, its top, its bottom, its wheels, its front, its rear, etc.). The 
non-specificity of the cited cases may imply that these deaths were all somehow related 
to being pinned beneath an ATV. If so, then this is potentially misleading. For example, 
off-road two wheeler fatalities can occasionally involve “aspirated object” asphyxia 
(wherein mud or other debris is aspirated during a face-down landing, most often without 
any pinning by the vehicle); or “positional asphyxia” (e.g., hyper-flexion of the neck 
closing the trachea) may occur when a rider comes to rest, unconscious, against a tree, 
rock, bush or other environmental object, again, most often without being pinned by the 
vehicle. It is also unknown to what extent vehicle modifications and accessories may 
have influenced any pinning beneath an ATV, and whether this was a factor in any of the 
Lower, et al (2010) cases. Further, detailed, in-depth, case-by-case analysis would be 
needed to understand the frequency, if any, of potential mechanical/traumatic 
(compressive) asphyxia that might result from a vehicle, or a ROPS/CPD, coming to rest 
on a rider’s thorax. 
 

− The Wordley and Field (2012) statement that “Several obvious parallels can be drawn 
between Quad bikes and tractors with regard to the implementation of ROPS or 
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CPDs” (p14, paragraph 3) is somewhat misleading, as it is based on the false premise 
that tractors and ATVs are similar types of vehicles, when in fact that are very different 
types of vehicles with very different characteristics, including that: i) ATVs are straddle-
seat-handlebar-steered-helmet-required-rider-on-top-rider-active vehicles, whilst tractors 
are machines that have completely different seating and steering layout from an ATV, a 
passive driver position, typically large drive wheels next to the driver and do not require 
helmets; ii) ATVs have relatively high maximum operating speeds; iii) ATVs used in 
Australia have an average mass of less than 300 kg; whilst tractors that require ROPS 
have a mass of more than 560 kg in Australia; iv) ATVs, being smaller, lighter and more 
compact, tend to tumble multiple quarter rolls when they overturn, forward, rearward, 
and sideward, whilst tractors being heavier and larger, tend to overturn one quarter roll 
sideward; v) ANSI/SVIA-1 ATVs have mostly low profile external surfaces (e.g., seats, 
mudguards, low-inflation tyres, bodywork, etc.) mostly made of flexible materials (e.g., 
plastic, rubber, etc.); whilst tractors external surfaces are high profile and mostly rigid 
(i.e., steel, high pressure tyres, etc.); vi) ATV riders tend to separate from relatively 
small, compact ATVs during overturns; whilst tractor drivers tend to be entangled by the 
larger vehicle size and components, the “dish”-shaped seat, large rear drive tyres, steering 
wheel, and various machine parts. As a result of these and other factors, for ATVs as well 
as motorcycles, the use of appropriate personal protective equipment (i.e., helmet, boots, 
gloves, etc.) and in an overturn, facilitating separation from the vehicle, either as a result 
of natural forces, or as an intentional strategy, is the more effective means of rider 
protection; whilst for tractors, from which the driver usually does not separate, a ROPS 
with seat belt is the more effective means of driver protection. In addition, for ATVs, 
studies with injury monitoring dummies have found that ROPS/CPDs can cause 
additional injuries that did not occur with the baseline ATV; whilst for tractors, there are 
no known such studies or findings. 
 

− The fact that DRI’s finding of a statistically insignificant difference between Quadbar 
injury risks and injury benefits is the result of a standard statistical test, in order to extend 
the sample results to the population of all overturns, whereas Wordley and Field (2012) 
state somewhat misleadingly, that “DRI dismisses these results as statistically 
insignificant on the basis that their calculated 95% confidence interval for these 
results encompasses the baseline ratio (100%)” (p21, paragraph 1). “Dismissing” has 
nothing to do with the application of this standard statistical test.  
 

− The fact that Grzebieta and Achilles (2007) examined nine simulated overturn scenarios, 
which is far too few to have any statistical significance, and in respect of at least one of 
the nine scenarios, the report states (p43) that “the Quadbar actually lands on the 
rider’s right rib cage during the rollover” and that “[the Quadbar] appears to be an 
increased risk in frontal rollovers as the Quad-bar may come into contact with the 
rider when the full weight of the ATV is behind it”, whereas Wordley and Field 
(2012), summarize somewhat misleadingly that “The addition of the Quad Bar was 
found to reduce injuries resulting from most rear roll over scenarios and some low 
speed, low slope scenarios” (p21, paragraph 3) without mentioning in their summary the 
adverse effects of the Quadbar that were reported by Grzebieta and Achilles (2007); 
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− The fact that the Quadbar has been found in the most recent Zellner, et al. (2012b) DRI 
research: a) to increase the likelihood of the ATV coming to rest on its side, which can be 
injurious or fatal; and b) to reduce the ATV-rider separation distance, which increases the 
likelihood of ATV contacts and injuries, whereas Wordley and Field (2012) accept the 
central, but erroneous assumption of Snook (2009) that “Preventing vehicle [180 
degree] roll was assumed to reduce likelihood of rider crushing and entrapment 
under the vehicle” (p25, paragraph 1);   
 

− The fact that by tending to force the ATV to come to rest on its side rather than its top 
(after 180 degrees roll), the Quadbar does not reduce the likelihood of injury or 
asphyxiation, as serious injuries and asphyxiation have been reported to occur when the 
ATV comes to rest on its side, whereas Wordley and Field (2012) state misleadingly that 
“At low speeds on horizontal ground, there was a strong tendency for Quad bikes 
[without Quadbars] to roll over sideways to an upside down position, potentially 
resulting in entrapment or asphyxiation of the rider” (p26, bullet 1); 
 

− The fact that the use of the phrase “rested in a position that was considered more 
detrimental” (italics added) indicates the subjective and speculative method of 
evaluation used by Snook (2009). Wordley and Field (2012) state somewhat misleadingly 
that “There were no conditions where the bike with the Quad Bar fitted rested in a 
position that was considered more detrimental to rider safety than the bike without 
protection” (italics added)(p26, bullet 8). In addition, this statement elucidates how, in 
several dozen tests done without using any crash dummies, and using a purely subjective 
and speculative evaluation method, Snook (2009) concluded, based on the faulty 
assumptions discussed above and without any injury measurements, that no Quadbar 
injury risk would have occurred. This was a totally baseless and faulty conclusion. 
 

− The fact that DRI’s inclusion “of a large number of such [low or no] injury scenarios” 
is necessary in order to avoid creating a biased (e.g., fatal only) sample, and in order to 
consider the potential positive and negative effects on far more frequent low or no injury 
events. “[S]uch [low or no] injury severity scenarios” are in fact far more frequent in 
the real world, and would not be considered “dilut[ing]” if, for example, a device was 
found to cause serious injuries or fatalities in such more frequent events; whereas 
Wordley and Field (2012) state inaccurately and misleadingly that “The inclusion of a 
large number of such [low or no] injury scenarios has the potential to significantly 
dilute the potential advantages of any device which is designed to prevent more 
serious injuries and fatalities” (p33, bullet 7); 
 

− The fact that standards such as “the existing New Zealand guidelines” or “those for a 
Tractor ROPS” only address the structural strength of a roll bar, and are not directly 
related to injury outcomes, so there is not proper basis for Wordley and Field (2012) to 
recommend that “A preliminary standard be proposed for the design and 
specification of Quad bike CPDs, perhaps based upon the existing New Zealand 
guidelines, or those for Tractor ROPS” (p35, paragraph 2, Item 3). The New Zealand 
Guideline and tractor ROPS standards are not related to injury outcomes, measured by 
means of appropriate injury-monitoring crash dummy tests. These structural guidelines 
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− The following Wordley and Field (2012) statement has no proper basis: “The FCAI’s 

strong opposition to the fitment of CPDs in general and the Quad Bar in particular was 
found to be based on the research produced by Failure Analysis Associates and DRI. 
Their reasons for rejecting such devices cannot be supported given the major problems 
with the research methodologies identified by this review. (p3, bullet 1), as the current 
report has found that virtually all of the supposed “major problems identified by this 
review” were themselves inaccurate, based on false premises, incomplete, somewhat 
misleading, not relevant and/or unclear, or otherwise are now out of date in view of the 
latest DRI research which was not considered in the Wordley and Field (2012) review. 
 

In addition, much of the Wordley and Field (2012) literature review and summaries are 
incomplete and/or now out of date. For example: 

 
− Wordley and Field (2012) chose to ignore the generally neutral if not supportive 

conclusions of Stevenson (1998) (who was on the staff of ACAHS and a Fellow of the 
Institute of Engineers Australia) which Stevenson states to be in “[answer] to 
[q]uestions in John Temperley's Letter of 20 October 1998”: 

 
“1. Comment on the competence of Dynamic Research Inc. to conduct the research. 
The two reports of Van Auken and Zellner demonstrate a high level of technical 
competence. The company has been active in the area since 1986 at least, Weir and 
Zellner (1986) being affiliated with Dynamic Research Inc. when they wrote their 
SAE Technical Paper. 
 
2. Was their selected method of evaluation appropriate? The authors have made good 
use of the evaluation methods available. 
 
3. Were the objectives of the research clearly defined? The objectives are adequately 
defined. 
 
4. Are the results valid? The results are valid if all assumptions are true and the 
approximations close to reality. The authors make their assumptions and 
approximations clear enough. In any computer modelling, particularly of complex 
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systems, the assumptions and approximations may result in unrealistic outcomes. It 
is therefore highly desirable to validate the model by selected experiments. In this 
case, experiments would have to be crash tests with a dummy rider [which DRI did 
as reported in Van Auken, et al. (1998)]. The scenario assumptions may also have 
affected the validity of the results. 
 
5. Are the recommendations I interpretation of the data valid? The interpretation of 
the results, and the recommendations, are argued reasonably, but alternative 
interpretations are possible, and the acceptance of the result must take cognizance 
of the approximations and assumptions.” (Stevenson (1998), Section 3, p6) 

 
− Several key references which were available at the time of the writing of the Wordley and 

Field (2012) report) are not included, as follows: Piziali (1994), Tyler-Street (1999), 
Zellner, et al. (2011); 
 

− In addition, two key references, Zellner, et al (2012a) and Zellner, et al (2012b) , have 
been published since Wordley and Field (2012) and obviously were not considered in that 
report. But as discussed in detail in the current report, the scope and content of Zellner, et 
al (2012a) and Zellner, et al (2012b) are such  as to invalidate most of the conclusions of 
the Wordley and Field (2012) report.  In particular, Zellner, et al. (2012a) contains replies 
to comments by Lower (2011) and addresses virtually all of the criticisms of the DRI 
work described in the Wordley and Field (2012) report. In addition, Zellner, et al. 
(2012b) presents an updated evaluation of the Quadbar CPD, based on extensive 
modelling refinements that took into account all known comments on the previously used 
methodologies. The results -- based on the only computer simulations in this field that 
have been calibrated by means full-scale ATV overturn tests using an appropriate injury-
monitoring crash dummy -- indicate that, in the simulation sample of 770 types of 
overturn, the injury risks of the Quadbar exceed the injury benefits of the Quadbar. In 
addition, in the same sample it was found that the fatality risks of the Quadbar exceed the 
fatality benefits of the Quadbar. 
 

− The Wordley and Field (2012) statement that “The ACAHS’s support for the use of 
appropriately designed CPDs such as the Quad Bar was considered reasonable and 
justified, in light of the doubts surrounding the American research and the 
favourable results of the USQ’s experimental tests and the recent Monash 
University simulations” (p35, bullet 3) is baseless and now out of date because:  
 

a) the more recent DRI reports in Zellner, et al (2012a) and Zellner, et al. (2012b) 
address all of the supposed “doubts surrounding the American research”;  
 

b) the University of Southern Queensland (Snook (2009)) experimental tests are 
defective because they did not use any injury-monitoring crash dummy, and 
instead were based on subjective speculation and faulty assumptions about 
whether a rider might or might not be able to remain in the “protective space” of 
the Quadbar whilst being acted upon by the lateral and other forces in an overturn, 
as well as other issues discussed above, and  
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c) the “recent” Monash University (Grzebieta and Achilles (2007)) simulations are 

defective because  
• They used a car frontal crash dummy and dummy frontal injury criteria to 

evaluate lateral and rearward overturns, which has been inappropriate since 
1996 when a a standardized, multi-directional dummy suitable for straddle-
seat-handlebar-steered-helmet-required vehicles became available;  

• They attempted to model specific cases when there was insufficient 
information to do so;   

• They unrealistically modelled the real accidents (e.g., using a 0.5 m kerb 
height); and found that the Quadbar was dangerous in frontal overturns. 

 
 

− The fact that the following Wordley and Field (2012) statement is now out of date: 
“Most importantly, none of the models were able to predict asphyxiation fatalities 
which accounted for 40% of Australian Quad bike roll over deaths” (p2, bullet 2), as 
the latest DRI report (Zellner, et al. (2012b)) has proposed and applied a preliminary 
traumatic (compressive) asphyxiation/breathing difficulty criterion. In addition, the 
statement “…asphyxiation fatalities which accounted for 40% of Australian Quad 
bike roll over deaths” is of doubtful accuracy. Lower, et al (2010) reports that n=14 
(25%) of 56 quad bike rollover fatalities were “asphyxiations”, but it is unknown: i) how 
many of these were traumatic (compressive) asphyxiations relevant to ROPS/CPDs (as 
opposed to one of the other 8 types of asphyxia that can occur in forensic contexts that 
are also relevant to off-road and ATV accidents (Sauvageau (2005)); ii) in how many of 
these cases the ATV came to rest on the chest of the rider (as opposed to traumatic 
(compressive) asphyxiations that may occur from other causes); iii) how many of the 
involved vehicles were ANSI/SVIA-1 “ATVs”, as opposed to other types of four 
wheeled, off-road, so-called “quad” vehicles; or iv) how many of the ATV fatalities 
involved accessories, cargo or ATV modification. US/CPSC fatality data, some cases 
among which recorded cause of death at a more detailed level, indicate that 
mechanical/traumatic (compressive) asphyxia in combination with pinning beneath the 
ATV was recorded at a rate of approximately 1.2% among 2,977 US ATV fatalities that 
occurred during 2005 through 2009. Australian data at a more detailed level are needed in 
order to understand the percentage (as well as other pertinent details) of cases that 
resulted in traumatic (compressive) asphyxia associated with pinning beneath (the top, 
sides, rear or front of) an ATV rather than some other type of four-wheeled “quad” 
vehicle. 
 
The fact that the following Wordley and Field (2012) statement, taken from the detailed 
portion of their report, is a significant omission from their summaries and 
recommendations: “They [i.e., Grzebieta and Achilles (2007)] also identified some 
potential for increased risk in frontal roll overs, as the Quad Bar may come into 
contact with the rider with the weight of the Quad bike behind it.” (p22, top of page),  
This potentially important finding of Grzebieta, et al. (2007) ), which indicates that the 
Quadbar appears to violate the “First do no harm” principle of safety interventions, 
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inexplicably does not appear in the Wordley and Field (2012) “Executive Summary”, 
“Summary Overview” or “Recommendations.”  
 

− The following Wordley and Field (2012) statement is now out of date: “…but due to the 
very steep slopes and friction coefficients assumed the Quad bike continued to drag the 
rider down unrealistically long slopes (perhaps 50 m in length), potentially inflicting 
more injuries in the process and masking the benefits of the CPDs.” (p27, paragraph 
3), as in the latest DRI simulations a “low energy” method is used to define the 110 
general types of overturns, which results in generally lower speeds, and shallower and 
shorter slopes. In no case does the ATV and dummy descend more than 3 m from its 
initial position in the latest simulations. 
 

− The fact that the following Wordley and Field (2012) statement is now out of date: 
“McDonald and Richardson reject DRI’s judgement on the effectiveness of this device, 
by observing that it is made on the basis of an unfair comparison between uncorrelated 
and unrepresentative simulation results.” (p29, paragraph 1), in that the aggregated 
injury locations and severities in the latest refined DRI simulations have been correlated 
and compare very closely to those reported in real ATV accidents. They also include 
asphyxiations, which also correlate well on an aggregated level. 
 

− The fact that the following Wordley and Field (2012) statement is now out of date: “Due 
to the tendency of the bike to keep bouncing down the steep and lengthy slopes 
simulated, the bike almost never comes to rest upon the rider, which is a common 
occurrence and cause of death in local fatality reports.” (p34, paragraph 8.3.2).I In the 
latest DRI simulations a “low energy” method is used to define the 110 general types of 
overturns, which results in lower speeds, and shallower and shorter slopes. In addition, in 
no case in the latest simulations do the ATV and dummy descend more than 3 m from 
their initial position.  In addition, the statement that this is a “common occurrence and 
cause of death in local fatality reports” is of unknown source and validity, as is the 
definition of “common.”  
 

 
 In addition, as outlined in this report, some of the Wordley and Field (2012) statements 

are not relevant, or are unclear in their meaning or reference.  
 

In view of the nature and extent of the issues adversely affecting the bases, the accuracy and 
currency of the Wordley and Field (2012) literature review, summaries and recommendations, it 
is concluded that the Wordley and Field (2012) report cannot be relied upon. 
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