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STATEMENT OF INTEREST OF AMICUS CURIAE 

General Motors LLC (“GM LLC”) is an automotive manufacturer focused on 

advancing an all-electric future that is inclusive and accessible to all. GM LLC, its 

subsidiaries, and its joint venture entities sell vehicles under the Chevrolet, Buick, 

GMC, and Cadillac brands. GM LLC employs and consults biomechanical engineers 

to assist with designing and validating vehicles that comply with various United 

States and global vehicle safety standards—legal standards that are themselves often 

based on data and injury criteria developed using biomechanical scientific methods 

and tools. GM LLC utilizes biomechanical engineers to testify in cases involving 

motor vehicle crashes to help the trier of fact understand the physical forces involved 

and how they lead to specific injuries. GM LLC is likewise intimately familiar with 

the essential role biomechanical engineering holds in the development of the Federal 

Motor Vehicle Safety Standards, as General Motors Corporation helped lead the 

effort to develop biofidelic anthropomorphic test devices for the purposes of testing 

motor vehicle safety features and creating associated safety regulations. GM LLC is, 

therefore, uniquely positioned to provide this Court with insight into the critical role 

biomechanical engineering plays in the automotive industry and highlight some of 

the potential harms that could flow from an overbroad opinion questioning the 

general reliability and admissibility of biomechanical engineering in Michigan court 

proceedings.   
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INTRODUCTION1 

Biomechanical engineering is critical to the development, design, and 

validation of motor vehicles globally, and has been for many decades. Biomechanical 

engineering—and GM LLC, in particular—played an integral role in the development 

of the anthropomorphic test devices specified in the National Highway Traffic Safety 

Administration’s vehicle safety standards. The expert testimony of biomechanical 

engineers is likewise important, when necessary, to defend against product liability 

claims arising from the operation of production motor vehicles. Courts in this State 

and across the country have recognized that expert testimony based on biomechanical 

engineering can offer testable results consistent with a reliable, objective, and 

scientifically valid process.    

Although GM LLC takes no position on this case, it requests that this Court, 

in assessing this appeal, bear in mind the vital role that biomechanical engineering 

plays in the automotive industry. An opinion that calls into question the general 

admissibility and reliability of expert testimony based on biomechanical engineering 

would not only be out of sync with the global automotive industry’s reliance on this 

scientific discipline, but also inconsistent with how courts in Michigan and elsewhere 

have generally admitted such testimony into evidence to assist the trier of fact in 

understanding the nature and causes of human injury in vehicle crashes.  

 
1  In accordance with MCR 7.312(H)(5), GM LLC discloses that its counsel is the sole 
author of this brief. Neither party nor their counsel made a monetary contribution 
intended to fund the preparation or submission of this brief. 
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ARGUMENT 

I. GM LLC relies on biomechanical engineers and anthropomorphic test 
devices in the development and design of its vehicles.  

GM LLC’s biomechanical engineers are involved early on and often throughout 

the development of the company’s motor vehicles, from validating prototypes to 

determining potential risks and how to mitigate them. The lower court opinions in 

this case are squarely in tension with how the global automotive industry relies on 

the accuracy and objectivity of these scientific methods and tools to develop modern 

motor vehicles and motor-vehicle systems.  

GM LLC develops age-appropriate impact responses and injury assessment 

reference values from biomechanical engineering principles, including dimensional 

analysis and biological material properties of adults and children. Anthropomorphic 

test devices (“ATDs”) are often a critical element of impact tests performed by GM 

LLC’s engineers—whether for sled testing, full barrier testing, or simulations—and 

are used to evaluate and assess human kinematics and injury potential in numerous 

scenarios. 

These tools, and the biomechanical methods and practices that are used to 

create them, are how automakers like GM LLC and suppliers throughout the 

automotive industry develop the sophisticated vehicle safety systems that reduce 

occupant injury risk in real-world crash events and certify that their vehicles and 

vehicle systems comply with exacting federal and global vehicle safety standards and 

regulations. In developing these systems, the biofidelity (human-like response) of 

ATDs and the accuracy of injury criteria in estimating the risk of injury to vehicle 
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occupants are essential, because even the smallest adjustment to the design of one of 

these systems may impact the vehicle’s overall occupant safety. 

Vehicle airbag systems, for example, must be designed to predict the onset of 

various types of crash events and effectively deploy airbag cushions throughout a 

vehicle so that they are positioned properly to reduce the risk of injury to occupants 

of different sizes and in different seating positions—all within windows of time 

measured in fractions of seconds. To design, develop, and validate these highly 

complex safety systems, GM LLC conducts a variety of tests, including testing of 

vehicles equipped with ATDs, which generates the data that GM LLC uses to test, 

validate, and certify the system’s performance to internal, federal, and global safety 

requirements—themselves often based on injury criteria developed using ATDs and 

biomechanical engineers. In short, biomechanical engineers play a critical role 

throughout the development and validation of the company’s motor vehicles.  

II. Biomechanical engineering expertise is often crucial in complex 
litigation, such as product liability cases.  

Biomechanical engineers’ involvement is not limited to the design and 

development of motor vehicles, however. Though every case is determined on its 

record, biomechanical engineering experts regularly testify in cases involving motor 

vehicle crashes to help the trier of fact understand the physical forces involved and 

how they lead to specific injuries. See 1 Engineering Evidence (4th ed, March 2023 

updated), § 2:30.50. Their “evaluation regarding the potential for a causal 

relationship between an alleged injury and a specific incident uses thorough analyses 

of the forces and accelerations during the incident, an understanding of the unique 
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tolerance level of the claimant’s body, and a biomechanical analysis of the associated 

injury mechanisms and force magnitudes.” Gushue et al., Low Speed Impacts 

Effective Use of Biomedical Engineers, For the Defense (July 2011). “Peer-reviewed 

scientific literature and learned treatises are then used to support the results of the 

biomechanical engineer’s independent analysis regarding the incident and the 

alleged injuries.” Id.  

Michigan courts generally welcome biomechanical expert testimony for 

automotive product liability actions where the testimony meets the standards under 

MRE 702.2 Lopez v Gen Motors Corp is illustrative. 224 Mich App 618, 635–638; 569 

NW2d 861 (1997). There, a biomechanical expert testified about the operation of a 

vehicle’s restraint system, which included examining the movement of dummies in 

test vehicles. Id. at 623. The Court of Appeals held that the testimony was relevant, 

and that the expert was qualified based on his engineering degree and experience. Id. 

at 636; see also Owen v Conto, unpublished opinion of the Court of Appeals, issued 

January 7, 2020 (Docket No. 345253), 2020 WL 91575, p *5 (rejecting plaintiff’s 

request to find that in general, biomechanical engineers, as non-physicians, are not 

qualified to give opinions as to causation”); accord Mannino v Int’l Mfg Co, 650 F2d 

846, 851 (CA 6, 1981) (admitting biomechanical engineering expert’s testimony when 

 
2  “The admission of expert testimony requires that (1) the witness be an expert, (2) 
there are facts in evidence that require or are subject to examination and analysis by 
a competent expert, and (3) the knowledge is in a particular area that belongs more 
to an expert than to the common man.” Dept of Envtl Quality v Waterous Co, 279 Mich 
App 346, 381; 760 NW2d 856 (2008). A witness may be qualified as an expert by 
knowledge, skill, experience, training, or education. See MRE 702; Mulholland v DEC 
Int’l Corp, 432 Mich 395, 403; 443 NW2d 340 (1989).  
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the expert had a PhD in biomechanical engineering and conducted research on 

whiplash injuries to humans in motor vehicle accidents); Laski v Bellwood, 

unpublished opinion of the United States Court of Appeals for the Sixth Circuit, 

issued May 25, 2000 (Docket No. 99-1063), 215 F3d 1326 (admitting biomechanical 

engineer to offer causation testimony in an action involving a rear-end collision).3  

And Michigan courts are not alone. In Haynes v. Am Motors Corp, for example, 

the Eighth Circuit upheld the admission of testimony of a biomechanics expert with 

a PhD in engineering about the causation of a plaintiff’s injuries during a motor 

vehicle accident. 691 F2d 1268, 1273 (CA 8, 1982). The Ninth Circuit did the same in 

Weber v. TMG Logistics, Inc, a case involving an expert with a PhD in biomechanics 

who opined on whether a motorist’s spinal injuries were caused by a motor vehicle 

collision. 805 Fed Appx 463, 466 (CA 9, 2020); see also Pennsylvania Tr Co v Dorel 

Juvenile Grp, Inc, 851 F Supp 2d 831, 841 (ED Pa, 2011) (biomechanical engineer 

was qualified to testify as expert in products liability action arising when minor 

sustained injuries in motor vehicle accident while sitting in child car seat); Berner v 

 
3  Unpublished cases are attached as Exhibit A.  
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Carnival Corp, 632 F Supp 2d 1208, 1212–1213 (SD Fla, 2009) (collecting cases).4 

That said, biomechanical engineering experts are not limited to automotive cases.5  

 
4  Accord, e.g., Yu–Santos v Ford Motor Co, unpublished opinion of the United States 
District Court for the Eastern District of California, issued May 14, 2009 (Docket No. 
06-cv-1773), 2009 WL 1392085, p *13 (“The court is not persuaded given that 
Defendants cite no legal authority for their proposition that only medical doctors are 
qualified to provide opinions on injury causation and biomechanics.”); Dorsett v Am 
Isuzu Motors, 805 F Supp 1212, 1224 (ED Pa, 1992), aff’d 977 F.2d 567 (CA 3, 1992) 
(holding that expert experienced in biomechanics could testify as to cause of injury 
sustained in rollover accident); Shifrel v Singh, 61 AD3d 401, 402; 874 NYS2d 910 
(2009) (biomechanical engineer permitted to testify that it was unlikely that 
plaintiff’s left shoulder impacted the steering wheel); Valentine v Grossman, 283 
AD2d 571, 572–573; 724 NYS2d 504 (2001) (biomechanical engineer should have been 
allowed to testify that the force in the accident was insufficient to cause a herniated 
disc); c.f., e.g., Davis v Martel, 790 So 2d 767, 771–772 (La App, 2001) (finding 
“manifest error” in the trial court’s admission of biomechanical expert with no 
foundation for his testimony); Pacific Legal Found v Dept of Transp, 593 F2d 1338, 
1344 (DC Cir, 1979) (affirming NHTSA’s conclusion that airbags are effective safety 
features based on over 2,000 “carefully conducted [crash] tests” involving, among 
other things, 274 crash dummies). 
5  Accord, e.g., Dixon v Grand Trunk W R Co, unpublished opinion of the United 
States District Court for the Eastern District of Michigan, issued Nov 8, 2017 (Docket 
No. 2:13-cv-14340), 2017 WL 5166868, p *7 (biomechanical engineering expert “may 
apply the general principles of biomechanics to the facts in the case and opine on how 
a hypothetical person's body would respond to particular forces and what types of 
injuries would result”); Green v Schutt Sports Mfg Co, 369 Fed Appx 630, 639 (CA 5, 
2010) (admitting biomechanical expert testimony about the way injuries could occur 
in football depending on how a tackle was made); Kelham v CSX Transp, Inc, 840 F3d 
469, 471 (CA 7, 2016) (finding no error in the trial court’s admission of biomechanical 
engineer to testify about the impact of the “forward lurch” of a locomotive); Phillips v 
Raymond Corp, 364 F Supp 2d 730, 742 (ND Ill, 2005) (finding biomechanical 
engineer qualified to testify about the at-issue injury and related biomechanical 
issues in products liability action against forklift manufacturer where the expert had 
a Ph.D. in medical engineering and published multiple articles concerning bone 
mechanics and the mechanism of injuries); Milliman v Mitsubishi Caterpillar Forklift 
Am, Inc, 594 F Supp 2d 230, 237 (NDNY, 2009) (denying motion to strike 
biomechanical engineer as an expert and finding he was qualified because he had 
served as a professor in mechanical engineering, had published hundreds of articles, 
at least 50 of which pertained to issues concerning biomechanics, and had served as 
editor-in-chief of an international journal of health care engineering); Council v State 
of Florida, 98 So 3d 115 (Fla App, 2012) (finding biomechanical expert qualified to 
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The plaintiffs’ bar has tried to challenge biomechanical testing using ATDs, 

specifically, for lack of reliability repeatedly over the years. But, again based on the 

facts before them, court after court has considered—and rejected—those nearly 

identical challenges. See, e.g., Hernandez v Crown Equip Corp, 92 F Supp 3d 1325, 

1339 (MD Ga, 2015) (Hybrid III testing in tip-over accident satisfied Daubert); Cosper 

v Ford Motor Co, unpublished opinion of the United States District Court for the 

Northern District of Georgia, issued October 17, 2022 (Docket No 2:18-cv-189), 2022 

WL 17908815, p *12; Tucker v Evenflo Co, Inc, unpublished opinion of the United 

States District Court for the Middle District of Florida, issued July 12, 2021 (Docket 

No. 6:20-cv-2), 2021 WL 4949122, p *8 (expert’s use of Hybrid III to measure side 

impacts satisfied Daubert); Jones v Raymond Corp, unpublished opinion of the United 

States District Court for the Northern District of Mississippi, issued January 18, 2023 

(Docket No 3:20-cv-308), 2023 WL 309055, p *13 (expert’s ATD testing “meets the 

requisite threshold for expert testimony” in case involving falling forklift). 

Put simply, GM LLC—and many others—rely on biomechanical engineering 

experts and ATDs to defend against product liability claims, and courts often 

recognize the validity and admissibility of this scientific expertise. While GM LLC 

appreciates these experts are evaluated in the record and takes no position in this 

specific case, an opinion from this Court (or the Michigan Court of Appeals) 

questioning the general reliability or admissibility of biomechanical engineering 

 
testify in aggravated child abuse case); Bowers v Norfolk S Corp, 537 F Supp 2d 1343, 
1377–1378 (MD Ga, 2007) (biomechanical engineer was qualified to testify as to 
general causation in action brought against railroad). 
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expertise and the use of biofidelic dummies would be out of step with how this 

evidence is routinely considered and admitted by Michigan courts and courts across 

the United States. 

III. NHTSA’s reliance on biomechanical engineers illustrates how useful 
biomechanical engineering expertise can be. 

Automotive manufacturers are not alone in engaging biomechanical engineers 

in this area; indeed, the National Highway Traffic Safety Administration (“NHTSA”) 

relies on biomechanical engineering—including ATDs—to develop its Federal Motor 

Vehicle Safety Standards (“FMVSS”). The National Traffic and Motor Vehicle Safety 

Act of 1966 requires that these safety standards “be practicable, shall meet the need 

for motor vehicle safety, and shall be stated in objective terms.” See 49 USC 30111. 

Automotive manufacturers must comply with the mandatory minimum safety 

performance requirements identified in the FMVSS before introducing a new motor 

vehicle into the market. In addition to FMVSS compliance, NHTSA’s New Car 

Assessment Program (“NCAP”) evaluates vehicle safety beyond the FMVSS 

requirements. At times, a single crash test can be used to inform both FMVSS and 

NCAP assessments. See Exhibit B, NHTSA’s 2022 Interim Report to Congress: Crash 

Test Dummies at 3.  

A critical element of both FMVSS and NCAP testing is often biomechanical 

engineering and ATDs, which are used to assess human injury potential in a crash.6 

 
6  GM LLC is quite familiar with the development of the federal standards for ATDs. 
“NHTSA awarded GM a contract in 1972 for a dummy development program which 
was to synthesize and incorporate all of the known anthropomorphic and 
biomechanical data into a new dummy configuration suitable for automobile crash 
test applications. By the end of 1973, GM had developed the GM-ATD 502 50th 
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Originally developed in the late 1970’s, the Hybrid III ATD has been refined and 

improved over the years as technology has improved. Even today, “Hybrid III 

dummies are the most commonly used test devices for assessing ‘injury’ in crash 

testing.” Cing-Dao Kan et al, Development of a 50th Percentile Hybrid III Dummy 

Model, 4th European LS-Dyna Users Conference, 14 (2003).7 Hybrid III ATDs are the 

go-to choice for NHTSA, which uses five Hybrid III ATDs and a related CRABI ATD 

in its crash testing. See NHTSA’s Crash Test Dummies, NHTSA, 

https://www.nhtsa.gov/nhtsas-crash-test-dummies (last accessed August 11, 2023). 

Notably, NHTSA uses the Hybrid III for the sole rear-end collision testing it 

performs. See id. (using Hybrid III for “Rear Impact / Head Restraints” testing on 

50th percentile adult male).8 

 
percentile dummy[.] . . . [Ultimately,] the agency chose not to pursue its development 
any further. GM, on the other hand, continued the development of the GM-ATD 502 
dummy in the knee, chest and neck areas . . . The revised GM-ATD 502 dummy 
became known as the Hybrid III.” National Highway Traffic Safety Administration, 
Federal Motor Vehicle Safety Standards for Occupant Crash Protection; Notices of 
Proposed Rulemaking and Denials of Petitions for Rulemaking, 50 Fed Reg 14580, 
14602 (April 12, 1985). In 1983, General Motors Corp. petitioned NHTSA to allow the 
use of the biofidelic Hybrid III midsize adult male dummy as an alternate test device 
for FMVSS 208 compliance testing of frontal impact, passive restraint systems. To 
support their petition, GM made public to the international automotive community 
the limit values that they imposed on the Hybrid III measurements. NHTSA 
recognized the Hybrid III’s design was “backed by extensive biomechanical data and 
documentation and the injury thresholds are the results of well[-]founded synthesis 
of current experimental research and accident data.” Id. As of 1991, the Hybrid III 
became “the exclusive means of determining a vehicle’s conformance with the injury 
reduction performance requirements of [FMVSS] 208.” Id.  
7  https://www.dynalook.com/conferences/european-conf-2003/development-of-a-
50th-percentile-hybrid-iii-dummy.pdf. 
8  Researchers also use the Hybrid III for all types of rear collision testing. See, e.g., 
Saczalski, et al, Evaluation of Rear Impact Seat System Performance Using a 
Combined Load Neck Injury Criteria and Hybrid III Surrogates, AM. Soc’y Mech. 
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NHTSA’s current ATD specification reflects a judgment by the government 

that these devices, and the science of biomechanics generally, is scientific, biofidelic, 

and objective: “The design and performance criteria specified in this part are intended 

to describe measuring tools with sufficient precision to give repetitive and correlative 

results under similar test conditions and to reflect adequately the protective 

performance of a vehicle or item of motor vehicle equipment with respect to human 

occupants.” 49 C.F.R. 572.2; see also 78 Fed Reg 225 (Nov 21, 2013) (“The scaling 

theories as well as the underlying anthropometric and biomechanical test data have 

all been vetted and released to the public domain. SAE methods have been used 

by NHTSA to assess the biofidelity of the majority of Part 572 ATDs and we find 

them to be sound, data-driven, and well-founded scientifically.”) (emphasis 

added).  

At bottom, the codification of the use of ATDs for compliance testing of motor 

vehicles and motor vehicle components reflects NHTSA’s acceptance of biomechanical 

engineering as reliable, scientific, and objective.  

CONCLUSION 

GM LLC, like many automotive manufacturers, relies on biomechanical 

engineers throughout the development of its motor vehicles, and courts routinely 

accept biomechanical engineering expert testimony when determining injury 

causation and how mechanical forces affect the human body. While GM LLC does not 

 
Eng’rs, Int’l Mech. Eng’g Congress & Expo., at 65 (Nov 11, 2001); Viano & Parenteau, 
Analysis of Rear Seat Sled Tests with the 5th Female Hybrid III (1 SAE Int’l: 
Technical Papers 618, 2019). 
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take a position in favor of either party here, it requests that this Court bear in mind 

the vital role that biomechanical engineering plays in the automotive industry and 

the potential impact of an overbroad opinion from this Court questioning the 

reliability and admissibility of biomechanical engineering expertise in Michigan court 

proceedings. 

Respectfully submitted, 

      /s/ Brittney D. Kohn   
Brittney D. Kohn (P80186) 
BUSH SEYFERTH, PLLC 
100 West Big Beaver Road, Suite 400 
Troy, Michigan 48084 
(248) 822-7812 
kohn@bsplaw.com 

Attorneys for Proposed Amicus Curiae  
Dated: September 1, 2023   General Motors LLC  
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Attorneys for Proposed Amicus Curiae 
General Motors LLC  

RECEIV
ED

 by M
SC 9/1/2023 2:26:51 PM



13 
 

 

CERTIFICATE OF SERVICE 

 I hereby certify that on September 1, 2023, I electronically filed the foregoing 

papers with the Clerk of the Court using the Odyssey File and Serve system, which 

will send notification of such filing to all counsel of record and/or a copy will be sent 

via first class U.S. Mail to all counsel not listed on the Odyssey service list. 

 
      By:  /s/ Brittney D. Kohn 
            Brittney D. Kohn (P80186) 
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Footnotes

1 For the reasons set out in the order ruling on Ford's Motion for Summary Judgment [Dkt. 109], the Court
will only evaluate Plaintiff's motion [Dkt. 115] in light of her (1) Negligent Design Defect Claims; (2) Punitive
Damages claim based on the Roof Design Defect; and her (3) Attorneys’ Fees Claim.

2 The Court reserves the right to exclude the challenged testimonies on other grounds later in the litigation.

3 A scientific formula used to measure a vehicle's rollover propensity.

4 Mr. Tandy has extensive experience testing steering inputs in road reentry maneuvers. [See Dkt. 103, at 7].
The rollover in this case was precipitated by a road reentry maneuver. [See id. at 1].

5 TRW is the designer and manufacturer of the Explorer's safety belt retractor. “In 1996, four years before the
subject vehicle was manufactured, TRW advised Ford in writing that [the Explorer's] conventional retractor
would not remain locked in [a] rollover accident.” [Dkt. 115, at 9].

6 The Court cannot confirm Mr. Burnett's statement because his deposition is not filed in the docket.

7 The Court cannot confirm whether Mr. Burnett relied on Mr. Van Arsdell's opinion because Mr. Burnett's
deposition is not in the docket. The Court notes, however, that Mr. Van Arsdell did testify that he discussed
his opinions and research with Mr. Burnett. [Dkt. 122, Ex. H, at 26].

8 The Explorer at issue had a conventional seatbelt.

End of Document © 2023 Thomson Reuters. No claim to original U.S. Government Works.
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Footnotes

1 New Hampshire Insurance Company, the company that provided workers' compensation insurance coverage
for Abacus Corporation at the time of the accident, has filed an Intervenor Complaint [40], asserting
entitlement to reimbursement for payments made to Jones as a result of this accident.
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2 For the sake of clarity, the Court notes that Crown Equipment Corporation—the defendant in McHale—is
one of Raymond's competitors in the forklift market. As discussed in more detail below, there have been
numerous lawsuits filed across the country (many of which have been filed by the same counsel representing
the Plaintiffs in the case sub judice) against both Raymond and Crown for injuries of this nature.

3 Raymond also raises an argument that Meyer's testimony should be excluded because he is “simply parroting
the defect opinions of other purported experts, including Mr. Berry[.]” [110] at p. 17. The Court sees no need
to address this issue in great detail, as it has already explained above its finding that Meyer has himself
engaged in appropriate methodology to support his opinions. This argument is rejected.

4 The parties are directed to raise the issue associated with Rogers' testimony at trial, and the Court will take
up the matter as necessary at that time.

End of Document © 2023 Thomson Reuters. No claim to original U.S. Government Works.
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Footnotes

1 Plaintiff's claim against State Farm was dismissed from this action and handled outside of court through
arbitration.

2 MRE 703 provides that “[t]he facts or data in the particular case upon which an expert bases an opinion or
inference shall be in evidence.”
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Footnotes

1 Plaintiff also moves the Court to exclude “all opinions and exhibits they reference or rely in any way on the
tests.” (Doc. 74, p. 1, n. 1).

2 Plaintiff also argues that gaps in the numerical sequence of side impact tests suggests the defense conducted
tests that were not produced in discovery. (Doc. 74, p. 14, n.19).

3 Defendant notes that Plaintiff does not object to the following material considered by their experts: the
surrogate studies, sled tests conducted by Evenflo in its ordinary course of business, sled testing conducted
in other cases and produced in discovery, or evidence that the kinematics of an ATD bigger that V.C. is
similar to V.C.’s kinematics. (Doc. 88, pp. 4–5).

4 When an expert's declaration serves to supplement his report, the Court must determine whether the
supplement is timely under Rule 26(e). SFR Servs. LLC, 2021 WL 1193284, at *4. The Court may permit an
otherwise untimely supplemental report or declaration to stand if the failure to abide by the Court's established
deadline was “substantially justified or harmless.” Id. Since the Court finds the declarations of Dr. Van Arsdell
and Dr. Sochor do not offer new opinions, the Court will not address whether the timing of the declarations
is substantially justified or harmless.

5 The same reasoning applies to Dr. Van Arsdell's citation to websites which support his claim that “all major
child seat manufactures perform sled tests, including side impact sled tests.” (Doc. 88-1, p. 7, n. 16–19).

6 By contrast, Dr. Van Arsdell's cites a document titled “Gary Whitman Restraint System Analysis Report, Arias
v. FCA” involving sled testing performed by Plaintiff's expert using a vehicle seat bench and testing speeds
and directions to justify his case-specific testing. (Doc. 88-1, p. 7, n. 20).

7 The Court has not determined if any of the publications listed by Dr. Van Arsdell in his declaration also appear
in his expert report. If any of these publications are cited in his expert report, Dr. Van Arsdell may rely upon
them at trial.

8 Dr. Van Arsdell's declaration clarifies (to the extent it was necessary) that the testing was performed to
evaluate Mr. Whitman's opinion that V.C. was properly secured in the Big Kid seat (Doc. 88-1, ¶¶ 4, 8), that
the testing demonstrates the lack of damage to the booster seat is consistent with a misrouted seatbelt (Id.
¶¶ 6, 9), to explain how the 2 to 4 pounds of tension occurs during testing (Id. ¶ 15), to clarify the meaning
of an “expiration date” on the Big Kid seat (Id. ¶ 20), to clarify why there are gaps in the numerical sequence
of the tests (Id. ¶26), and to explain that a test technician's scrivener's error resulted in recording 4 pounds
of tension in test number 69664 (Id. ¶ 16). Plaintiff is correct that at times Dr. Van Arsdell recounts hearsay
statements, but an expert may rely on hearsay under certain circumstances. The Court reserves judgement
on whether Dr. Van Arsdell's reliance on hearsay statements of a test technician is admissible at trial.

9 Dr. Van Arsdell's report describes the methodology used in the case-specific testing, including that the “testing
was done on an exemplar Honda Odyssey third-row bench seat, with Odyssey service replacement seat belts,
and with belt anchorage locations (retractor, D-Ring, outboard anchor and buckle) similar to the locations
in the subject Odyssey third-row seating position.” (Doc. 74-9, ¶ 26). Dr. Van Arsdell selected a “delta-V of
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approximately 23 mph, a peak acceleration of approximately 23 g's, a pulse of 85 milliseconds and a principle
direction of force (PDOF) of approximately -80%” as outlined by Plaintiff's accident reconstructionist. (Id.).
Moreover, the third-row seatback was place in an upright and reclined setting during the testing. (Id.).

10 While Dr. Van Arsdell's report is clear as to the purpose of the lower neck load data, he reaffirms in his
declaration that “[t]hese tests were designed to compare neck loads, not to assess injury thresholds.” (Doc.
88-1, ¶ 19). Moreover, he clarifies that “[c]omparative load testing ... is routinely performed by experts in my
field to assess the relative safety performance of restraint systems.” (Id.).

11 Dr. Van Arsdell clarifies in his declaration that the Big Kid seat was stored in a warehouse without exposure
to light or extreme temperatures to be available for testing if necessary. (Doc. 88-1, ¶ 20). He also clarifies
that the sled fixture is designed to be robust, consistent with FMVSS 213, to withstand repeat testing. (Id. ¶
23). And the Honda third-row bench seat used in the testing is consistent with industry practice. (Id. ¶ 25).
Finally, Dr. Van Arsdell clarifies why there are gaps in the test sequence numbers. (Id. ¶ 26).

End of Document © 2023 Thomson Reuters. No claim to original U.S. Government Works.
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Footnotes

1 Defendants contend in their reply briefs that Plaintiff's oppositions should be stricken from the record and
that Plaintiff should not be heard in opposition because Plaintiff untimely served her oppositions in violation
of L.R. 78–230. Although, Plaintiff electronically filed and served her oppositions fourteen (14) days before
the hearing, rather than personally serving Defendants or electronically serving Defendants seventeen (17)
days before the hearing, this court will not strike the oppositions nor dismiss Plaintiff's case.

Under L.R. 78–230, an untimely filed opposition may result in the party not being heard at oral argument. In
the instant matter, Plaintiff timely filed her oppositions but did not timely serve her oppositions.

Parties who are untimely served may request additional time. Here, Defendants did not request additional
time and given the Defendants' detailed reply briefs, additional time does not appear to be necessary. Thus,
the court finds that the Defendants were not prejudiced by Plaintiff's untimely service of her oppositions.

2 Hayes was designated to testify as to the mechanics of how Tia and Keilan received their fatal injuries in
the accident.

3 The court's admissibility ruling on Plaintiff's experts' testimony is only for purposes of Defendants' motion
for summary judgment. This ruling does not preclude the parties from raising new, subsequent, pre-trial
evidentiary objections, such as motions in limine. If a timely objection is made, the court will rule at that time.

4 Additionally, the court takes judicial notice that on March 26, 2008, in a vehicle collision case, this court denied
Defendant Takata Seat Belts Inc.'s motion to exclude Plaintiff's expert's (Broadhead) opinion that the seat belt
web guides were defective. Case No. CV F 06–1539 LJO–SMS. Judge O'Neill reasoned that although there
appeared to be a discrepancy in Broadhead's deposition testimony, the discrepancy provided grounds for
vigorous cross-examination. Judge O'Neill further noted that “ultimately it will be up to the trier of fact to make
the finding of which opinion the expert has, whether it has merit, and whether the witness has credibility.”

5 Further, Broadhead declares that he has never been excluded from testifying as an expert on any basis. See
Broadhead Decla. ¶ 2.

6 Broadhead disagrees with Defendants' seat belt expert's (Greg Miller) claim that 23 G forces were sustained
in the accident. Broadhead opines that 23 G forces are excessive and inaccurate because Greg Miller
misapplied tensile force equations in rollover accidents. See Broadhead Rebuttal Report at page 3.
Nevertheless, for purposes of Defendants' motion to exclude Broadhead, Broadhead accepts Greg Miller's
23 G force estimate.

7 “Dynamic Analysis of ELR Retractor Spoolout,” Steven E. Meyer, et. al. and “Rollover Ejection While Wearing
a Lap & Shoulder Harness: The Role of the Retractor,” David A. Renfroe.

8 Defendants also contend that Broadhead's testimony will not assist the jury in understanding the evidence
pursuant to Rule 403. Rule 403 allows the court to exclude relevant evidence if “its probative value is
substantially outweighed by the dangers of unfair prejudice, confusion of the issues, or misleading the jury,
or by considerations of undue delay, waste of time, or needless presentation of cumulative evidence.” The
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court has broad discretion in assessing admissibility under Rule 403. Getter v. Wal–Mart Stores, Inc., 66
F.3d 1119, 1124 (10th Cir.1995). For the reasons described above, Defendants' objections are overruled as
Broadhead's testimony will aid the jury in understanding the evidence and is not substantially outweighed by
any of the countervailing factors set forth in Rule 403.

9 Defendants also contend that Hayes is unqualified to testify in this case because he has been twice excluded
from providing expert testimony in Maricopa County, Arizona and Cameron County, Texas. The Maricopa
County state court order reveals that Hayes was allowed to testify as to his biomechanics opinion but was
prohibited from expressing “medical opinions.” It appears that his medical opinion was excluded because it
was duplicative of other medical experts. The Cameron County state court order does not indicate whether
that case presented similar facts to those present in the instant matter, and therefore is not instructive in this
matter. Thus, Defendants' objections relating to Hayes's previous disqualifications are overruled.

10 Hayes was retained to evaluate the evidence in this case and perform an accident reconstruction to
determine: (1) the speed of the vehicle prior to the loss of control; (2) the speed of the vehicle at the time of the
rollover trip; (3) the vehicle kinematics during the rollover event; (4) the occupant kinematics of Tia and Keilan
Santos during the rollover event; and (5) whether Tia and Keilan would have sustained fatal head, neck, and
chest injuries had their seat belts not failed to restrain them inside the vehicle. See Hayes Rule 26 report.

11 Plaintiff and TRW VSSI agree that the risk-benefit test applies as opposed to the consumer expectation test.

12 The court discusses the issue of causation more fully below.

13 The court does not intend to imply that Plaintiff will be meritorious in this action. Rather, the state of the
evidence demonstrates that a fact finder could reasonably conclude that a manufacturing defect existed in
the seat belts.

14 Plaintiff also relies on Elmore v. American Motors Corp., 70 Cal.2d 578, 75 Cal.Rptr. 652, 451 P.2d 84
(1969). However, Elmore's holding is in the context of a strict liability claim where privity is not a requirement.
As the discussion in Elmore does not involve warranties, it is inapposite.

End of Document © 2023 Thomson Reuters. No claim to original U.S. Government Works.
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Executive Summary 
 
Section 24221(a) of the Bipartisan Infrastructure Law (BIL) mandated a GAO study to evaluate the 
availability and use of crash test dummies. Section 24221(b) of the BIL also directed the Administrator of 
the U.S. Department of Transportation’s (DOT) National Highway Traffic Safety Administration (NHTSA)  
to transmit to Congress an interim report that identifies (1) the types of crash test dummies used by the 
NHTSA in the Federal Motor Vehicle Safety Standards (FMVSS) and the New Car Assessment Program 
(NCAP), (2) how each type of test dummy is tested with respect to seating position, and (3) any crash 
test dummies that the Administration is actively evaluating for future use in the FMVSS or NCAP. 
Appendix A contains the full statutory language. 
 
Safety is the top priority for the DOT and NHTSA and equity in safety outcomes is central to our mission 
across all categories of drivers. NHTSA’s use of crash test dummies dates to the 1970s, when the first 
dummy was codified into the FMVSS 49 CFR Part 572.  Since that time, NHTSA has regulated numerous 
other dummies that range in age, size, and sex, from children, to small females, to midsize males. NHTSA 
recently released a report examining sex disparities in crash fatalities resulting from similar physical 
impacts.1 The recent study contains encouraging findings on reductions in fatality risk disparities in 
newer model year vehicles. The overall difference in fatality risk between male and female occupants 
dropped from 18.3 percent for model year 1960-2009 vehicles to 2.9 percent for model year 2015-2020 
vehicles. While this reduction is noteworthy, any remaining disparity is unacceptable, and NHTSA is 
committed to eliminating it through effective approaches. Crash dummies will be a vital tool in that 
effort. 
 
Use of an expanded array of crash test dummies in NHTSA’s crash tests has helped to reduce crash 
fatalities.  This report provides an overview of the current crash test dummies used in NCAP as well as in 
compliance testing under the FMVSS, and those being developed and evaluated for future use. In 
addition, pursuant to § 24221(b), this report describes the Administration’s plans for implementing 
these dummies and the associated challenges and recommendations. Finally, this report discusses the 
ways in which we develop and use various computer simulation tools in our research to bolster our 
crash test program as a supplement to physical crash tests.  

Introduction 
 
The FMVSS identify mandatory minimum safety performance requirements for motor vehicles and 
certain motor vehicle equipment in the United States. Vehicles and equipment manufactured for sale in 
the United States must be certified to comply with all applicable FMVSS. In addition to FMVSS 
compliance, NCAP is a consumer information program that evaluates vehicle safety beyond the 
mandatory requirements. At times, a single crash test can be used to inform both FMVSS and NCAP 
assessments. Critical elements of both FMVSS and NCAP testing are crash test dummies, which are used 
to assess human injury potential in a crash. 
 
NHTSA’s use of crash test dummies dates to the 1970s, when the first dummy was codified into NHTSA’s 
regulation for Anthropomorphic Test Devices (ATD)2, 49 CFR Part 572. Since that time, as the FMVSS and 

 
1 Noh, E. Y., Atwood, J. R. E., Lee, E., Craig, M. J., (2022) Female crash fatality risk relative to rales for similar physical impacts 
(Report No. DOT HS 813 358). Washington, DC: National Highway Traffic Safety Administration. 
2 The technical term for a crash test dummy is ‘Anthropomorphic Test Device.’ 
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NCAP have evolved, NHTSA has codified numerous other dummies that range in size, age, and 
measurement capability, ranging from midsize adult males to small adult females to infants, toddlers, 
and older children. In addition, NHTSA has continually conducted research into advancements in crash 
safety, including the development of advanced dummies that better represent the interaction of vehicle 
occupants with modern restraint systems, such as force-limited three-point seat belts and air bags.  

Current Crash Test Dummies 
 
Regulated crash test dummies are documented in 49 CFR Part 572; ‘Anthropomorphic Test Devices.’ 
Motor vehicles and motor vehicle equipment are tested for compliance with the FMVSS using these 
crash test dummies. The design and performance criteria specified in 49 CFR Part 572 are intended to 
describe measuring tools with sufficient precision to give repeatable and correlative results under 
similar test conditions. Additionally, the criteria specified ensure the dummies adequately evaluate the 
protective performance of a vehicle or item of motor vehicle equipment with respect to human 
occupants in a reproducible manner. The same criteria will be applied to all dummies under 
development prior to their use in testing. The current crash test dummies, their respective test 
conditions, and their seating positions are comprehensively tabulated in Appendix B and summarized 
herein. Figures of select full-vehicle FMVSS and NCAP tests are further provided in Appendix C.  NHTSA 
tests the female test dummies in the same seating positions as male dummies where occupant body 
type has a bearing on crash outcome. The dummies used in crash tests are selected to address safety 
concerns identified in field and test data accounting for occupant demographics, occupant seating 
positions, and crash direction and speed. 

Adult Female 
The Hybrid III 5th Percentile Adult Female Frontal Crash Test Dummy (HIII-05F) was introduced into 49 
CFR Part 572, Subpart O in 2000. The HIII-05F represents a small adult female and has a seated height of 
78.7 cm (31.0 in) and weight of 49.1 kg (108.0 lbs). Current test modes where the HIII-05F is specified for 
use include FMVSS No. 208 “Occupant Crash Protection” and frontal impact in NCAP. As part of FMVSS 
No. 208, the HIII-05F is utilized in belted and unbelted conditions for the driver and right front passenger 
seating positions. Three FMVSS 208 dynamic frontal crash tests are conducted with the HIII-05F: 1) two 
belted dummies in a vehicle that impacts a full-width rigid barrier at an impact angle of 0 ± 5  at a speed 
of 56 km/h; 2) two unbelted dummies in a vehicle that impacts a full-width rigid barrier at an impact 
angle of 0 ± 5  at a speed of 32-40 km/h; and 3) two belted dummies in a vehicle that impacts a 
deformable barrier that is offset from the center of the vehicle by 40% at an impact speed of 40 km/h 
and at an impact angle of 0 . In addition, consistent with FMVSS No. 208, the HIII-05F is used in out-of-
position static air bag deployment tests. The frontal NCAP test is similar to the first FMVSS No. 208 test 
condition, except that the impact angle is 0  and the dummy is in the right front passenger seat position 
only. 
 
The Side Impact Dummy (SID)-IIs 5th Percentile Adult Female Side Crash Test Dummy (SID-IIs) was 
introduced into 49 CFR Part 572, Subpart V in 2006. The SID-IIs represents a small adult female and has a 
seated height of 79.0 cm (31.1 in) and weight of 44.5 kg (98.1 lbs). Current test modes where the SID-IIs 
is specified for use include FMVSS No. 214 “Side Impact Protection” and side impact in NCAP. This 
dummy is tested in two FMVSS 214 conditions: 1) moving deformable barrier impacting a vehicle at 27  
at 53 km/h (32.9 mph) (SID-IIs is in the struck-side rear passenger seat); and 2) vehicle impacting a 254 
mm (10 in) diameter rigid pole at an angle of 75  at 0-32 km/h (0-20 mph) (the SID-IIs is in the struck-
side driver’s seating position or in the struck-side right front seating position). The side moving 
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deformable barrier NCAP test condition is the same as the first FMVSS No. 214 test condition but 
conducted at an elevated speed of 62 km/h (38.5 mph). In the side pole NCAP test condition, the 
physical test configuration is the same as in FMVSS No. 214. Also, in the NCAP tests, the SID-IIs is utilized 
in belted out-of-position conditions. 

Adult Male 
The Hybrid III 50th Percentile Adult Male Frontal Crash Test Dummy (HIII-50M) was introduced into 49 
CFR Part 572, Subpart E in 1986. The HIII-50M represents a mid-sized adult male and has a seated height 
of 88.4 cm (34.8 in) and weight of 77.7 kg (171.0 lbs). Current test modes where the HIII-50M is specified 
for use include FMVSS No. 208 “Occupant Crash Protection” and frontal impact in NCAP. As part of 
FMVSS No. 208, the HIII-50M is utilized in the driver and right front passenger seating positions for two 
full-width frontal crash tests of a vehicle into a rigid barrier: 1) belted, 0  at 56 km/h (34.8 mph); and 2) 
unbelted, 0  ± 30  at 32-40 km/h (20-25 mph). The first test condition with the HIII-50M in the driver 
position also serves as the frontal NCAP test. The HIII-50M is also used in FMVSS 202a ‘Head Restraints’ 
for head restraint assessment. 
 
The EuroSID-2 with Rib Extensions 50th Percentile Adult Male Side Crash Test Dummy (ES2re) was 
introduced into 49 CFR Part 572, Subpart U in 2006. The ES2re represents a mid-sized adult male and 
has a seated height of 90.9 cm (35.8 in) and weight of 72.0 kg (159.0 lbs). Current test modes where the 
ES2re is specified for use include FMVSS No. 214 “Side Impact Protection” and side impact in NCAP. The 
ES2re is belted and utilized in the driver or right front passenger seating positions in these side impact 
tests so that the dummy is always seated on the impacted side. This dummy is tested in two FMVSS 214 
conditions: 1) moving deformable barrier impacting a vehicle at 27  at 53 km/h (32.9 mph); and 2) 
vehicle impacting a 254 mm (10 in) diameter rigid pole at an angle of 75  at 0-32 km/h (0-20 mph). The 
side NCAP condition is the same as the first FMVSS No. 214 test condition but conducted at an elevated 
speed of 62 km/h (38.5 mph). 

Child 
The Civil Aeromedical Institute Newborn Infant Crash Test Dummy (CAMI) was introduced into 49 CFR 
Part 572, Subpart K in 1993. Developed by the Civil Aeromedical Institute, this canvas-covered dummy 
represents a newborn infant and has a weight of 3.4 kg (7.5 lbs). As a representation of an infant, the 
CAMI has no representative “seated height.” The CAMI is used in FMVSS No. 213 “Child Restraint 
Systems” in addition to more recent advanced dummies, such as the CRABI. The CAMI is also referenced 
in FMVSS No. 208 for testing of car beds. 
 
The Child Restraint Air Bag Interaction (CRABI) 12-Month-Old Child Crash Test Dummy (CRABI) was 
introduced into 49 CFR Part 572, Subpart R in 2000. This dummy represents a 12-month-old child and 
has a seated height of 47.0 cm (18.5 in) and weight of 10.0 kg (22.0 lbs). The CRABI is used to evaluate 
air bag exposure to infants restrained in child safety seats that are placed in the front seat as specified in 
FMVSS No. 208, as well as air bag suppression testing. In total, there are 23 unique test conditions 
specified in FMVSS No. 208 using the CRABI. FMVSS No. 213 and FMVSS No. 213a also specify use of the 
CRABI to test child safety seat frontal and side crash protection. 
 
The Hybrid III 3-Year-Old Child Crash Test Dummy (HIII-3YO) was introduced into 49 CFR Part 572, 
Subpart P in 2000. This dummy represents a 3-year-old child and has a seated height of 54.6 cm (21.5 in) 
and weight of 16.2 kg (35.7 lbs). The HIII-3YO is specified for use in FMVSS No. 208 for out-of-position 
and suppression testing, where two unique test configurations are specified. The HIII-3YO is also 
specified for use in FMVSS No. 213, as well as for out-of-position test conditions in NCAP. 
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The Q3s 3-Year-Old Child Side Crash Test Dummy (Q3s) has recently been finalized by NHTSA, with a 
final rule issued in November 2020 (49 CFR Part 572, Subpart W). This dummy represents a 3-year-old 
child and has a seated height of 55.6 cm (21.9 in) and weight of 14.5 kg (32.0 lbs). NHTSA issued a final 
rule in June 2022 incorporating the Q3s ATD into FMVSS No. 213a “Child Restraint Systems – Side Impact 
Protection.”  
 
The Hybrid III 6-Year-Old Child Crash Test Dummy (HIII-6YO) was introduced into 49 CFR Part 572, 
Subpart N in 2000. This dummy represents a 6-year-old child and has a seated height of 63.5 cm (25.0 in) 
and weight of 23.4 kg (51.6 lbs). The HIII-6YO is specified for use in FMVSS No. 208 for out-of-position 
and suppression testing, where two unique test configurations are specified. The HIII-6YO is also 
specified for use in FMVSS No. 213, as well as for out-of-position test conditions in the side NCAP. 
 
The Hybrid III Weighted 6-Year-Old Child Crash Test Dummy (HIII-6YO-W) was introduced into 49 CFR 
Part 572, Subpart S in 2004. This dummy represents a larger 6-year-old child and has a seated height of 
63.5 cm (25.0 in) and weight of 23.4 kg (51.6 lbs). The HIII-6YO-W is specified for use in FMVSS No. 213 
to test child seats. 
 
The Hybrid III 10-Year-Old Child Crash Test Dummy (HIII-10YO) was introduced into 49 CFR Part 572, 
Subpart T in 2012. This dummy represents a 10-year-old child and has a seated height of 72.4 cm (28.5 
in) and weight of 35.3 kg (77.6 lbs). The HIII-10YO is suited to test the upper load and height limits of 
safety restraints and is used in FMVSS No. 213 to test belt-positioning booster seats. 

Crash Test Dummies Under Development 

Adult Female  
The Test Device for Human Occupant Restraint (THOR) 5th Percentile Adult Female Frontal Crash Test 
Dummy (THOR-05F) is currently being developed and evaluated by NHTSA. NHTSA has accelerated the 
development of the THOR-05F in this Administration. The THOR-05F represents a small adult female and 
has a seated height of 81.3 cm (32.0 in), approximate standing height of 151 cm (59.4 in), and weight of 
49 kg (108.0 lbs). NHTSA has incorporated improved designs resulting from the development of THOR-
50M related to the head, neck, thorax and lower extremities into the design of the THOR-05F. 
Additionally, the THOR-05F has other improved measurement capabilities over the HIII-05F, including 
face loads, clavicle loads, thorax displacement, abdominal pressure, acetabulum loads, and ankle 
displacements and loads. These measurements will permit evaluation of injury types not currently 
considered. THOR-05F may be used in in FMVSS No. 208 and NCAP frontal crash test conditions. 
 
Currently, NHTSA is evaluating the THOR-05F’s biofidelity and durability, developing design updates to 
improve durability, developing injury criteria, and developing documentation in coordination with the 
manufacturer. The standardization of the THOR 5th (RIN: 2127-AM56) is expected to start in 2023. 
 
The World Side Impact Dummy (WorldSID) 5th Percentile Adult Female Side Crash Test Dummy 
(WorldSID-05F) is currently under development. The WorldSID-05F represents a small adult female and 
has a seated height of 76.1 cm (30.0 in), approximate standing height of 151 cm (59.4 in), and weight of 
48 kg (105.8 lbs). The WorldSID-05F incorporates all of the improved measurement capabilities and 
internal data acquisition systems of the WorldSID-50M. Possible test modes in which the WorldSID-05F 
may be used include FMVSS No. 214 and NCAP side impact testing. 
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Current NHTSA activities include evaluating the WorldSID-05F’s biofidelity, evaluating new thoracic 
injury prediction instrumentation, and developing documentation. Completion of documentation is 
expected in 2025 to support a rulemaking decision.  

Adult Male  
The THOR 50th Percentile Adult Male Frontal Crash Test Dummy (THOR-50M) is currently being 
finalized by NHTSA for proposed inclusion in Part 572 and for use in FMVSS No. 208 as an optional test 
device. The THOR-50M represents a mid-sized adult male and has a seated height of 94 cm (37 in), an 
approximate standing height of 175 cm (68.9 in), and a weight of 76 kg (167.6 lbs). In comparison to the 
HIII-50M, the THOR-50M provides improved biofidelity (i.e., a measure of the dummy’s ability to mimic 
a human-like response in a crash) in the thorax, shoulder, spine, knee-thigh-hip, lower leg and abdomen, 
as well as improved kinematic response to a frontal crash. Additionally, the THOR-50M allows for multi-
point deflection measurements in the thorax and abdomen, upper and lower tibia load cells, and 
acetabulum load cells, all of which allow for measurement of new injury criteria. 
 
NHTSA has active rulemakings concerning both the standardization of the THOR-50M (RIN: 2127-AM20) 
and allowing for optional use of the THOR-50M in place of the HIII-50M in FMVSS No. 208 (RIN: 2127-
AM21). In addition to FMVSS No. 208 testing, possible uses for the THOR-50M include frontal NCAP 
tests. 
 
The WorldSID 50th Percentile Adult Male Side Crash Test Dummy (WorldSID-50M) is currently being 
finalized by NHTSA for proposed inclusion in Part 572 and for use in FMVSS No. 214 as an optional test 
device. The WorldSID-50M represents a mid-sized adult male and has a seated height of 87 cm (34.3 in), 
an approximate standing height of 175 cm (68.9 in), and a weight of 74 kg (163.1 lbs). The WorldSID-
50M offers improved lateral and oblique biofidelity in the thorax when compared to the ES-2re, 
improved biofidelity in the abdomen and pelvis, as well as the utilization of on-board data acquisition 
systems and multi-point deflection measurement in the thorax. 
 
NHTSA is currently planning to publish a 49 CFR Part 572 NPRM in the Winter of 2022 (RIN: 2127-AM22), 
and plans to publish an NPRM for optional use of the WorldSID-50M in place of the ES-2re in FMVSS No. 
214 at the same time (RIN: 2127-AM23). In addition to FMVSS No. 214 testing, possible uses for the 
WorldSID-50M include side NCAP tests. Finally, the WorldSID-50M is being evaluated for use in far-side 
test modes. 
 
The Biofidelic Rear Impact Dummy (BioRID) is currently under development. The BioRID was initially 
developed in Europe and NHTSA is evaluating its potential use in the U.S. The BioRID represents a mid-
sized adult male and has a seated height of 88 cm (34.6 in), an approximate standing height of 168 cm 
(66.1 in), and a weight of 78 kg (172.0). BioRID is the first dummy to have a continuous, articulated spine 
that can be instrumented in such a way that allows for the measurement of intervertebral rotations of 
the cervical spine. Hence, these measurements provide improved assessment of whiplash injury when 
compared to the HIII-50M. 
 
NHTSA is evaluating the BioRID’s biofidelity, developing injury criteria, and developing documentation. 
Potential applications of the BioRID include testing for FMVSS No. 202a “Head Restraints” and/or FMVSS 
No. 207 “Seating Systems.” Completion of documentation is anticipated in 2024 to support a rulemaking 
decision. 
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Child 
The Large Omnidirectional Child (LODC) 10-year-old Child Crash Test Dummy (LODC) is currently under 
development by NHTSA. The LODC represents a 10-year-old child and has a seated height of 68 cm (26.8 
in), approximate standing height of 130 cm (51.2 in), weight of 34.6 kg (76.3 lbs), and is designed to 
represent both male and female children. The LODC offers a flexible thoracic spine resulting in more 
accurate head motion, a biofidelic abdomen with pressure sensors for instrumentation. Also, the LODC 
incorporates biofidelity characteristics derived directly from pediatric biomechanical data, includes 
omnidirectional instrumentation, and represents improved anthropometry of a 10-year-old child in 
comparison to the HIII-10YO. 
 
Currently, NHTSA is completing testing and documentation development. The LODC is intended for use 
in FMVSS No. 213 and rear seat positions with or without a booster seat. Other possible test modes 
include FMVSS No. 208 and NCAP testing. Completion of documentation is expected in 2023 to support 
a rulemaking decision. 

Challenges for Crash Test Dummy Implementation 
 
Safety is NHTSA’s top priority, and the agency is committed to developing advanced crash test dummies 
that enable a more comprehensive assessment of injury mechanisms and safety features in new model 
year vehicles.  A crash test dummy on its own needs to be applied in a relevant crash test program with 
appropriate performance measures to be effective at promoting the development of safety 
countermeasures that reduce injuries and fatalities resulting from motor vehicle crashes. NHTSA takes 
great efforts to ensure that dummies are effective representations of motor vehicle occupants and have 
a human-like response, or are “biofidelic,” in a crash. To this end, crash test dummy development is a 
complex and lengthy process requiring a cooperative approach between NHTSA and dummy 
manufacturers, involving numerous design iterations aimed at refining accuracy and precision to best 
reflect actual human kinematics and resulting injury measures in a crash. An assessment of a dummy’s 
biofidelity includes, but is not limited to, anthropometry, mass properties, joint properties (e.g., range of 
motion), and response to crash forces. 
 
Biofidelity must be weighed against other requirements, including durability, repeatability, and 
reproducibility of the dummy motion and injury prediction. Biofidelity and durability are often 
competing priorities. Developing a dummy that not only has a human-like response but also remains 
intact through multiple crashes is a considerable challenge and necessitates the previously mentioned 
iterative design process with manufacturers. 
 
It is sometimes difficult to establish age, gender, and/or size specific injury criteria for different dummies 
in part due to the availability of test data from post-mortem human subjects with desired 
characteristics.  In the past, this has often meant that injury criteria were scaled from one dummy size to 
another (e.g., 50th male to 5th female). Currently, NHTSA is attempting to collect additional age, size, and 
gender appropriate data for describing response and injury measures for different adult dummies. 

Use of Computer Simulation to Supplement Physical Crash Tests 
 
NHTSA has long supported the development of computer simulation models of humans, crash test 
dummies, and vehicles. These state-of-the-art tools can be used in studying injuries and injury causation 
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as well as developing more advanced vehicle structures and restraint systems. It is not feasible to run an 
actual crash test to answer every research question related to occupant safety. The overarching benefit 
of computer simulations is that they offer a fast, efficient, and comprehensive method to supplement 
safety research. 
 
Computer simulation models (including finite element, lumped parameter, and machine learning) are 
commonly used among the vehicle safety community as part of vehicle design and crash safety 
assessment. Models of vehicles and their safety systems facilitate the evaluation and development of 
vehicle countermeasures (e.g., structures, air bags, seat belts) for an expanded range of simulated crash 
conditions, such as varying severities, impact directions, crash durations, etc. Further, occupant 
demographics such as age, gender, size, seating position, seating orientation, and posture can be 
considered in computer models. These modeling tools allow for research to expand out to other human 
demographics beyond the typical 5th percentile female and 50th percentile male used in crash tests 
(e.g., obese, elderly, etc.). Once adequately validated for their specific purpose, these vehicle and 
human models are often used together to analyze the effects of changing safety system designs and 
crash parameters on injury outcomes for varying occupant demographics. 
 
While industry and researchers also use simulation models extensively, establishing standards and 
criteria for specific simulation tools to be used and accepted by all users for vehicle safety assessments 
presents challenges. There are many important considerations associated with these simulation 
techniques. Primarily, such models need to be validated in real-world or standardized, representative 
crash test conditions. How to validate these models more broadly for conditions that extend beyond 
performed physical test conditions also needs to be considered. Further, procedures for validating and 
qualifying simulation models would need to be standardized. Consistency of results would need to be 
evaluated and other computing considerations standardized. Finally, in a regulatory framework, NHTSA 
must ascertain the compliance of vehicles as they are produced in the real world, not as idealized 
computer models that may not represent the design and manufacturing process accurately.  

Plans for Future Research 
 
People can have different risks of injury in a crash. NHTSA’s Annual Modal Research Plan3 outlines the 
research topics the Agency pursues, including those targeted to better understand and effectively 
address gender equity in crash safety outcomes. NHTSA is further developing a research plan that details 
several tracks to address the remaining disparities in crashworthiness safety testing and outcomes. 
These research efforts are specifically focused on female occupant crash safety, spanning field data 
analysis, tool development and demonstration application.  In addition, as described above, human 
body modeling research efforts are underway to consider occupants and vulnerable road users of all 
ages, shapes, and sizes.  
 
Previous NHTSA work has studied the fatality and injury risks for females and males. While males are 
overrepresented in overall fatalities, it is generally known that the overall risk-taking difference between 
males and females is a major confounding factor. To account for this, in a study by the agency4, NHTSA 
controlled for this dominant factor by focusing on comparable front-end crashes with similar 

 
3 RD&T Annual Modal Research Plans 
4 Kahane, C. J.,  (2013).  Injury vulnerability and effectiveness of occupant protection technologies for older occupants and women. (Report No. 
DOT HS 811 766). Washington, DC: National Highway Traffic Safety Administration. 
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characteristics only, which found that females had an overall 17.0% and 28.8% increased fatality and 
nonfatal-injury risk, respectively, relative to males, when looking at all historical fatal crashes involving 
all vehicle model years dating back to the 1960s. While this study and its finding control for the 
dominant risk-taking difference, the result is very heavily dominated by crashes involving vehicles that 
pre-date generations of crashworthiness improvements introduced into newer vehicles. Therefore, the 
overall finding in the 2013 report does not reflect fatality and nonfatal-injury risk differences in modern 
vehicles. The majority (78%) of vehicles used in the 2013 study were not equipped with the latest 
generations of seat belts and air bags, and many were designed before NHTSA adopted the use of 5th 
percentile adult female test dummies in FMVSS crash testing. As such, the 17.0% and 28.8% increased 
fatality and nonfatal-injury risk, respectively, of females relative to males does not reflect the crash 
protection safety performance of today’s vehicles.  
 
To better understand the differences in risk for females versus males in crashes in newer model year 
vehicles, NHTSA recently updated the fatality risk results of the 2013 study to include the latest crash 
data, which includes substantially more vehicles equipped with seat belts, dual advanced air bags, and 
other countermeasures designed for a greater diversity of occupants. The update found that the relative 
risk of fatality between females and males has been reduced, especially when considering newer 
vehicles5. The increase in fatality risk for females relative to males for model year 2010-2020 vehicles 
was found to be 6.3 ± 5.4% and is significantly less than for model year 1960-2009 vehicles (18.3 ± 1.2%). 
For model year 2015-2020 vehicles, the estimated difference in fatality risk between females and males 
appears further reduced to 2.9 ± 9.8% percent for the average of drivers and right-front passengers; 
however, due to data scarcity, this statistic will need further observation. In addition to comparing 
model year ranges, the study also assessed relative fatality risk for different generations of occupant 
protection systems. For the latest generation of systems (dual air bags, seat belt pretensioners and load 
limiters), the estimated increase in female fatality risk relative to males was 5.8 ± 3.8%, which is 
statistically significantly lower than for belted occupants in vehicles without those occupant protections 
(21.0 ± 3.5%). A 2015 NHTSA study6 demonstrated that three-point belts and air bags were equally 
effective in reducing fatalities for both males and females.  
 
NHTSA is also using the largest and newest crash database systems, such as the National Automotive 
Sampling System-Crashworthiness Data System (NASS-CDS) and the Crash Injury Sampling System (CISS) 
to describe injury odds ratios for females versus males given a comprehensive set of crash, restraint, and 
occupant-related factors. Understanding the relative risk difference in crashes involving modern vehicles 
is relevant; design changes to modern vehicles must address female crash safety differences identified in 
the current vehicle fleet. 
 
To better predict and prevent fatalities and injuries for female occupants involved in motor vehicle 
crashes, NHTSA has focused on developing tools such as advanced crash test dummies that are more 
human-like than current dummies. NHTSA is working with the dummy manufacturer to improve the 
durability of the advanced female dummies so they can be more robust and utilized in the many seating 
positions NHTSA seeks to assess for occupant crash protection. 
 

 
5 Noh, E. Y., Atwood, J. R. E., Lee, E., Craig, M. J., (2022) Female crash fatality risk relative to rales for similar physical impacts 
(Report No. DOT HS 813 358). Washington, DC: National Highway Traffic Safety Administration. 
6 Kahane, C. J., (2015). Lives saved by vehicle safety technologies and associated Federal Motor Vehicle Safety Standards, 1960 to 2012 – 
Passenger cars and LTVs – With reviews of 26 FMVSS and the effectiveness of their associated safety technologies in reducing fatalities, injuries, 
and crashes. (Report No. DOT HS 812 069). Washington, DC: National Highway Traffic Safety Administration. 
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In addition to being more biofidelic, the advanced crash dummies have improved instrumentation and 
sensing capabilities. For example, one important finding of our ongoing field data analysis is that women 
experience a higher rate of lower limb injuries than men. Current Hybrid III dummies do not have any 
ankle sensors that quantify loads during a crash, whereas advanced dummies such as the THOR-50M 
and THOR-05F are capable of measuring forces, moments, and angles in the ankle. NHTSA has recently 
accelerated the development of this measurement capability in the THOR dummies. While ankle injury 
criteria do not exist for the advanced dummies yet, NHTSA is working to collect the necessary data 
through postmortem human subjects (PMHS) testing. The combination of defining lower leg injury 
criteria and implementing these advanced dummies into testing programs will drive new vehicle 
countermeasures to reduce lower extremity injuries that will benefit all occupants. In the development 
of advanced female crash test dummies, NHTSA makes use of all available female-specific data for 
design, response, and injury criteria. Where female-specific data are not available, NHTSA has plans to 
collect those data through human subject and crash test dummy testing programs. 
 
NHTSA plans to continue to support the development of computer models to aid in the improvement of 
crash safety. Specifically, NHTSA supports the Global Human Body Models Consortium’s (GHBMC) 
development of finite element human body models (HBMs) and their use to study causes of injury, as 
described above. NHTSA is also using HBMs to assess possible benefits of developing new physical crash 
dummies (e.g., a female crash test dummy that is 50th percentile in size). 
 
After the development and refinement of advanced dummies and human body models, NHTSA plans to 
conduct fleet testing to assess how the advanced dummies interact with vehicle systems. These main 
research areas (field data, tool development and demonstration application) are aimed at 
understanding where disparities exist in crash outcomes and how to better predict and prevent fatality 
and injury for all occupants involved in motor vehicle crashes. In addition, this research will support 
agency decisions regarding possible future updates to regulation and/or NCAP. 

Recommendations and Conclusion 
 
Despite the demonstrable improvements observed in crash outcomes in newer model years, any 
disparity in safety outcomes is unacceptable.  NHTSA has long focused on developing advanced crash 
test dummies that are more human-like than current dummies and that have improved instrumentation 
and sensing capabilities. NHTSA recommends continuing field data statistical analyses to better 
understand current differences in fatality and injury risk based on demographic characteristics, including 
sex Any identified differences can then inform the direction of dummy technology and HBM 
development. NHTSA recommends continued research on fleet testing and countermeasure studies to 
understand how vehicle safety systems can be optimized for safety based on demographic needs. 
 
As required by Section 24221(b) of the BIL, this report documents crash test dummies currently used in 
the NCAP and testing relating to FMVSS and crash test dummies being actively developed and evaluated 
for future use. NHTSA has adopted numerous dummies that range in size and age, from child to small 
female to midsize male. NHTSA has continually conducted research into injury tolerance, advancements 
in crash safety and advanced dummies that better represent the interaction of vehicle occupants with 
modern restraint systems. 
 
In addition, NHTSA has long supported the development of computer models of humans. Computer 
simulation has the potential to be used to supplement physical crash tests; however, many challenges 

RECEIV
ED

 by M
SC 9/1/2023 2:26:51 PM



 

[12] 
 

with this approach still exist. Finally, the Administration is executing comprehensive research plans to 
address disparities in crashworthiness safety testing. NHTSA will continue to focus on identifying where 
disparities exist in crash outcomes and how to better predict and prevent fatalities and injuries for all 
occupants involved in motor vehicle crashes. 
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Appendix A – Statutory Language 
 

SEC. 24221. GAO REPORT ON CRASH DUMMIES. 

(a) IN GENERAL.—Not later than 1 year after the date of enactment of this Act, the Comptroller General 
of the United States shall conduct a study and submit to the Committee on Commerce, Science, and 
Transportation of the Senate and the Committee on Energy and Commerce of the House of 
Representatives a report that— 

(1) examines— 

(A) the processes used by the National Highway Traffic Safety Administration (referred to in this 
section as the ‘‘Administration’’) for studying and deploying crash test dummies; 

(B)(i) the types of crash test dummies used by the Administration as of the date of enactment of this 
Act; 

(ii) the seating positions in which those crash test dummies are tested; and 

(iii) whether the seating position affects disparities in motor vehicle safety outcomes based on 
demographic characteristics, including sex, and, if so, how the seating position affects those 
disparities; 

(C) the biofidelic crash test dummies that are available in the global and domestic marketplace that 
reflect the physical and demographic characteristics of the driving public in the United States, 
including— 

(i) females; 

(ii) the elderly; 

(iii) young adults; 

(iv) children; and 

(v) individuals of differing body weights; 

(D) how the Administration determines whether to study and deploy new biofidelic crash test 
dummies, including the biofidelic crash test dummies examined under subparagraph (C), and the 
timelines by which the Administration conducts the work of making those determinations and 
studying and deploying new biofidelic crash test dummies; 

(E) challenges the Administration faces in studying and deploying new crash test dummies; and 

(F) how the practices of the Administration with respect to crash test dummies compare to other 
programs that test vehicles and report results to the public, including the European New Car 
Assessment Programme; 

(2) evaluates potential improvements to the processes described in paragraph (1) that could reduce 
disparities in motor vehicle safety outcomes based on demographic characteristics, including sex; 

(3) analyzes the potential use of computer simulation techniques, as a supplement to physical crash 
tests, to conduct virtual simulations of vehicle crash tests in order to evaluate predicted motor vehicle 
safety outcomes based on the different physical and demographic characteristics of motor vehicle 
occupants; and 
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(4) includes, as applicable, any assessments or recommendations relating to crash test dummies that 
are relevant to reducing disparities in motor vehicle safety outcomes based on demographic 
characteristics, including sex. 

(b) INTERIM REPORT FROM THE ADMINISTRATION.—Not later than 90 days after the date of enactment 
of this Act, the Administrator of the Administration shall submit to the Committee on Commerce, 
Science, and Transportation of the Senate and the Committee on Energy and Commerce of the House of 
Representatives a report that— 

(1) identifies— 

(A) the types of crash test dummies used by the Administration as of the date of enactment of this 
Act with respect to— 

(i) the New Car Assessment Program of the Administration; and 

(ii) testing relating to Federal Motor Vehicle Safety Standards; 

(B) how each type of crash test dummy identified under subparagraph (A) is tested with respect to 
seating position; and 

(C) any crash test dummies that the Administration is actively evaluating for future use— 

(i) in the New Car Assessment Program of the Administration; or 

(ii) for testing relating to Federal Motor Vehicle Safety Standards; 

(2) explains— 

(A) the plans of the Administration, including the expected timelines, for putting any crash test 
dummies identified under paragraph (1)(C) to use as described in that paragraph; 

(B) any challenges to putting those crash test dummies to use; and 

(C) the potential use of computer simulation techniques, as a supplement to physical crash tests, to 
conduct virtual simulations of vehicle crash tests in order to evaluate predicted motor vehicle safety 
outcomes based on the different physical and demographic characteristics of motor vehicle 
occupants; and 

(3) provides policy recommendations for reducing disparities in motor vehicle safety testing and 
outcomes based on demographic characteristics, including sex. 
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Appendix B – Current Crash Test Dummies 
 

Table 1. Characteristics of current crash test dummies defined in 49 CFR Part 572. 

Crash Test Dummy Defined In Simulated 
Sex 

Seated 
Height Weight 

Hybrid III 50th Percentile Adult Male 
(HIII-50M) 

49 CFR Part 572, 
Subpart E 

Male 88.4 cm 
(34.8 in) 

77.7 kg 
(171 lb) 

ES-2re 50th Percentile Adult Male 
(ES2re) 

49 CFR Part 572, 
Subpart U 

Male 90.9 cm 
(35.8 in) 

72.0 kg 
(159 lb) 

Hybrid III 5th Percentile Adult Female 
(HIII-05F) 

49 CFR Part 572, 
Subpart O 

Female 78.7 cm 
(31 in) 

49.1 kg 
(108 lb) 

SID-IIs Small Adult Female 
(SID-IIs) 

49 CFR Part 572, 
Subpart V 

Female 79.0 cm 
(31.1 in) 

44.5 kg 
(98.1 lb) 

Civil Aeromedical Institute Newborn Infant 
(CAMI) 

49 CFR Part 572, 
Subpart K 

N/A* N/A 3.4 kg 
(7.5 lbs) 

CRABI 12-month-old child 
(CRABI) 

49 CFR Part 572, 
Subpart R 

N/A* 47 cm 
(18.5 in) 

10 kg 
(22 lb) 

Hybrid III 3-year-old child 
(HIII-3YO) 

49 CFR Part 572, 
Subpart P 

N/A* 54.6 cm 
(21.5 in) 

16.2 kg 
(35.7 lb) 

Q3s 3-year-old child 
(Q3s) 

49 CFR Part 572, 
Subpart W 

N/A* 55.6 cm 
(21.9 in) 

14.5 kg 
(32 lb) 

Hybrid III 6-year-old child 
(HIII-6YO) 

49 CFR Part 572, 
Subpart N 

N/A* 63.5 cm 
(25 in) 

23.4 kg 
(51.6 lb) 

Hybrid III Weighted 6-Year-Old Child 
(HIII-6YO-W) 

49 CFR Part 572, 
Subpart S 

N/A* 63.5 cm 
(25 in) 

27.9 kg 
(61.6 lbs) 

Hybrid III 10-year-old child 
(HIII-10YO) 

49 CFR Part 572, 
Subpart T 

N/A* 72.4 cm 
(28.5 in) 

35.3 kg 
(77.6 lb) 

*Child dummies are designed to represent both female and male children. 
 
Table 2. Test conditions and seating positions of current crash test dummies defined in 49 CFR Part 572. 

Figures of select full-vehicle FMVSS and NCAP tests are provided in Appendix C. 
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Appendix C – Figures of Select Full-Vehicle Crash Tests 
 

Figures are not to scale. 
 

FMVSS 208, Full Width Frontal 
 

                              Belted                                                               

 
 
                            Unbelted                                                          

 
 
FMVSS 208, Offset Frontal 
 

                               Belted 
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NCAP, Frontal 
 

                                  Belted 

 
 

FMVSS 214, Side Barrier (Exemplar Left-Side Test) 
 
                                                                    Belted 
 

 
 

FMVSS 214, Side Pole (Exemplar Left-Side Test) 
 
                                      Belted                                                                         
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NCAP, Side Barrier 
 

                                                                     Belted 
 

 
 

NCAP, Side Pole 
 

                                        Belted 
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