
11/17/23

1

Department of Public Health Sciences

Vehicle Design for Road Safety: 
What are the Gaps in Evidence?

Kavi Bhalla, PhD
Associate Professor

Public Health Sciences, University of Chicago
kavibhalla@gmail.com 

Launch of the Road Safety Evidence Gap Map, Sept 2022, TRIP C, IIT Delhi

1

Key Messages
1. Global road traffic deaths are not falling
2. But US/Europe have successfully reduced deaths
– Vehicle technologies have been very important
– Especially technologies for protecting car occupants

3. In India, most victims are motorcyclists and 
pedestrians. They’re killed by trucks and motorcycles.

4. The EGM shows:
a) There are very few  evaluations from LMICs
b) Robust study designs for evaluating vehicle safety (e.g. case-

control) are not commonly seen in studies from LMICs
c) Very few evaluations of vehicle technologies relevant to 

LMICs
d) There are no evaluations of indigenous vehicles

2

2

3

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2000 2005 2010 2015 2020 2025 2030

Tr
af

fic
 D

ea
th

s
M

ill
io

ns

2004 World Report on Road Traffic Injury Prevention (WHO & WB)
2005 UN General Assembly Resolution

2008 UN General Assembly Resolution

2010 UN General Assembly Resolution
2009 1st Global Ministerial Meeting (Moscow)

DECADE OF ACTION
  

(2011-2020) 

2012 UN General Assembly Resolution
2014 UN General Assembly Resolution

2015: SDGs Adopted (Target 3.6)
2016 2nd Global Ministerial Meeting (Brasilia)
2016 UN General Assembly Resolution

2018 UN General Assembly Resolution

2020 3rd Ministerial Meeting (2nd Decade of Action) 

… despite extensive global advocacy for road safety

Source: WHO GSRRS 2018
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But US/Europe have successfully reduced deaths. How?

S o u rce : d e a th  re g istra tio n  d a ta
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*Source: C. Kahane, 2015 (NHTSA Report)
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Vehicle technologies have been very important
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How did high-income countries get safety 
technologies in all vehicles?

1. Minimum design standards
– Legal requirements (government & legislation) 
– Sets minimum standards for what can be sold
– E.g. Federal Motor Vehicle Safety Standards  

2. Creating market competition (NCAPs)
– Using New Car Assessment Programs (NCAPs)
– Usually run by NGOs (e.g. Insurance Institute for Highway Safety)
– Star rating of cars based on testing; more stringent than 

regulations
– Goal is to provide consumers with information
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Large literature on effect of car design 
technologies on survival
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Original Contribution

Using Head-on Collisions to Compare Risk of Driver Death by Frontal Air Bag
Generation: A Matched-Pair Cohort Study

Elisa R. Braver1,2, Joseph A. Kufera1, Melvin T. Alexander1, Marge Scerbo1, Karen Volpini1, and
Joseph P. Lloyd1

1 National Study Center for Trauma and Emergency Medical Systems, Epidemiology and Preventive Medicine, University
of Maryland School of Medicine, Baltimore, MD.
2 War-Related Illness and Injury Study Center, Washington DC VA Medical Center, Washington, DC.

Received for publication June 26, 2007; accepted for publication October 23, 2007.

US air bag regulations were changed in 1997 to allow tests of unbelted male dummies in vehicles mounted and
accelerated on sleds, resulting in longer crash pulses than rigid-barrier crashes. This change facilitated depower-
ing of frontal air bags and was intended to reduce air bag–induced deaths. Controversy ensued as to whether
sled-certified air bags could increase adult fatality risk. A matched-pair cohort study of two-vehicle, head-on, fatal
collisions between drivers involving first-generation versus sled-certified air bags during 1998–2005 was con-
ducted by using Fatality Analysis Reporting System data. Sled certification was ascertained from public information
and a survey of automakers. Conditional Poisson regression for matched-pair cohorts was used to estimate risk
ratios adjusted for age, seat belt status, vehicle type, passenger car size, and model year for driver deaths in
vehicles with sled-certified air bags versus first-generation air bags. For all passenger-vehicle pairs, the adjusted
risk ratio was 0.87 (95% confidence interval: 0.77, 0.98). In head-on collisions involving only passenger cars, the
adjusted risk ratio was 1.04 (95% confidence interval: 0.85, 1.29). Increased fatality risk for drivers with sled-
certified air bags was not observed. A borderline significant interaction between vehicle type and air bag generation
suggested that sled-certified air bags may have reduced the risk of dying in head-on collisions among drivers of
pickup trucks.

accidents, traffic; air bags; automobiles; government regulation; seat belts

Abbreviations: FARS, Fatality Analysis Reporting System; NHTSA, National Highway Traffic Safety Administration; SUV, sport
utility vehicle.

Frontal air bags reduce the risk of deaths in frontal
crashes among drivers and adult right-front passengers
(1–7). As of January 1, 2007, the National Highway Traffic
Safety Administration (NHTSA) estimated that 22,855 lives
had been saved by frontal air bags between 1987 and 2006
(8). Yet, frontal air bags also caused children and other small
occupants to die or receive severe injuries in low-speed
crashes that likely would have resulted in no injuries or
minor injuries in the absence of an air bag (1, 4, 9, 10).
Nonuse of seat belts, improper belt use, placing rear-facing

child seats in front, or leaning toward air bags contributes
to air bag–induced injury (4, 6, 11). NHTSA reported 175
air bag–related deaths among children, 90 among drivers,
and 13 among adult front-seat passengers as of January 1,
2007 (8).

In response to the deaths and serious injuries caused by
frontal air bags, NHTSA promulgated a temporary rule,
effective for model year 1998, that gave automobile manu-
facturers the option of testing frontal crash performance for
unbelted male dummies by using 30-mph sled tests rather

Correspondence to Dr. Elisa R. Braver, National Study Center for Trauma and EMS, 701 West Pratt Street, Room 526, Baltimore, MD 21201
(e-mail: elisabraver@gmail.com).
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Tried & Tested Car Technologies
Including …
• Seat belts
• Belt pretensioners & load 

limiters
• Child safety seats
• Air bags: Front, side
• Rollover curtains
• Roof crush mitigation
• Collapsible steering columns
• Improved door locks
• Side-structure & padding
• Adhesive windshield bonding
• Side door beams
• Fuel System Integrity
• Conspicuity tape for trailers
• Lane Departure Warning*
• Brakes: Dual master & disc
• ABS (& motorcycle ABS)
• Automatic Braking*
• Electronic Stability Control
• Vehicle Front-end design* 
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• Proven effectiveness in real-world 
crashes (Extensive literature & many 
high-quality systematic reviews!)

• Most are required in HICs
• UN WP29 priority regulations aim to 

encourage their availability in LMICs

How much would it matter if LMICs 
had these technologies?  

* Emerging Technologies 
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Vehicles involved in crashes in Chhattisgarh

Source: Analysis of FIRs from Chattisgarh, 2017-2019

3. In India, most victims are motorcyclists and pedestrians. 
And, they’re killed by trucks and motorcycles.
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Motorcycles, Trucks, and Tractors together make up 81% of the 
vehicles involved in crashes
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Evidence Gap Map (EGM)

Our EGM focused ONLY on technologies 
that protect people outside cars.

We also included protective devices 
(helmets) in this section of the EGM.
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Here is what we found ….
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4.  The EGM shows:
a) There are very few impact evaluations of 

vehicle technologies done in LMICs
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4.  The EGM shows:
a) There are very few impact evaluations of 

vehicle technologies done in LMICs

0 1
5

64

0

10

20

30

40

50

60

70

Low Income Middle Income-
lower

Middle Income-
upper

High Income

Nu
m

be
r o

f s
tu

di
es

• No studies from low income countries 
• Only 1 study from a lower-middle income 

country (Cambodia on helmets)
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4.  The EGM shows:
d. Robust study designs for evaluating vehicle (e.g. case-
control) are not commonly seen in studies from LMICs
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4.  The EGM shows:
b. Very few evaluations of vehicle technologies 

relevant to LMICs; 
c. No evaluations of indigenous vehicles
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What Technologies Have been Evaluated?
 
Bicycle Technologies: 
All studies are on helmets except conspicuity (1 study)
Motorcycle Technologies:  
All studies are on effect of helmets except ABS (2 studies), 
Conspicuity (1), and Daytime lights (2)
Bus & Truck Technologies:
Daytime lights (1); General safety (2); Conspicuity (1)
Car technologies (for safety of non-occupants):
Daytime lights (3), Vehicle front-end (1), General regulations (1), 
Automatic Braking (1), Antilock brakes (1), Electronic Stability 
Control (1)
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EGM found no evaluation of bus/truck front design
– Proposed UN Regulations only target cars
– But, in LMICs, most pedestrians are not killed by cars
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What vehicles kill pedestrians?
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IRCOBI 
1992

Traffic Injury Prevention 1999

Intl. J. Crashworthiness 2008

• Researchers have been 
showing feasibility for 30 
years!

• Have still not been field 
tested

• Are receiving no attention 
in current policy & 
regulatory discussion

Safer Bus/Truck Fronts
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Chawla et al. 1999
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No Evaluations of Indigenous Vehicles 
Tuk-Tuks

Autorickshaws

Jeepneys
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Accident Analysis & Prevention 1997

Mechanical Engineering 2001

Sadhana 2007

IRCOBI 
2004

• Researchers have been 
showing feasibility for 25 
years!

• Technologies have still 
not been field tested

• Are receiving no attention 
in current policy & 
regulatory discussion

Safety of Indigenous
Vehicles
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Effect of autorickshaw design modifications

Design modifications include rearward facing passenger seat, driver seatbelt, interior 
padding, and front-end design (Source: Mohan et al., 1997)
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• Wide spectrum of poorly understood issues
– Examples
• Pedestrian safety in crashes with motorcycles
• Transport of people on agricultural tractor trailers
• Agriculture tractors being struck from the rear
• Flowing garments (e.g. saris) on motorcycles
• Kids on motorcycles

• Need for Research in LMICs
– Epidemiological investigations to identify key risks
– Engineering research to develop countermeasures
– Evaluation of field performance
– Scale up through regulation, consumer information, & 

other means

23

Conclusions

• There are many tried & tested technologies that 
focus on car occupants. These should be put in all 
cars. (via regulations & NCAP)

• However most victims in India (and LMICs) are not 
car occupants. We especially need technologies 
focused on trucks, motorcycles, agricultural 
tractors.

• EGM shows: no research in LMICs to address the 
many LMIC-specific concerns
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