
 

  
Abstract  This paper focuses on the effectiveness of helmets in reducing fatality and serious head injury for 
motorised two-wheeler riders. Field data from the Road Accident Sampling System – India crash database on 
1,197 motorised two-wheeler crashes was used to analyse the crash and injury pattern, helmet type and helmet 
damage. The analyses were performed using weighted and unweighted data. The results show that helmets are 
24% effective in reducing the risk of fatality and 10% effective in reducing the risk of serious/fatal injury. Injury 
analysis shows that an unhelmeted rider is approximately 1.5 times more likely to sustain an Abbreviated Injury 
Scale, AIS 3+ head injury compared to a helmeted rider (51% unhelmeted against 33% helmeted). AIS 3+ thoracic 
injuries were seen in case of both unhelmeted and helmeted riders (19% and 25% respectively). In addition, AIS 
2 injuries were found more commonly to the lower extremities in case of both unhelmeted (23%) and helmeted 
(26%) riders. Detailed injury analysis of helmeted riders with AIS 3+ head injury shows that helmets are 35% 
effective in reducing the risk of AIS 3+ head injuries. Investigation of helmeted riders with AIS 3+ head injuries 
show that majority of these riders had collided with heavy vehicles (55%) or fixed objects (40%). This is 
significantly different from the vehicle mix and crash conditions seen in developed countries. Consideration of 
vehicle compatibility for helmet design and crash avoidance through technology and infrastructure are proposed. 

  Keywords  Collision partners, helmet damage, head injury, helmet effectiveness, motorised two-wheelers  

I. INTRODUCTION 

In 2018, motor vehicle fatalities in India increased by 2.4% compared to 2017. National statistics show that, in 
all, 151,417 persons were killed and 469,418 sustained serious injuries. About one third (55,336) of the fatalities 
were motorised two-wheeler (M2W) riders [1]. Recent Indian crash studies have shown that nearly half of all 
serious/fatal injuries to M2W riders are to the head [2], with 57% of fatally injured M2W riders sustaining 
Maximum Abbreviated Injury Scale (MAIS) injury to the head and 23% to the thorax [3]. For non-fatal, seriously 
injured M2W riders, the lower extremity (46%) is the most commonly affected Abbreviate Injury Scale (AIS) body 
region [3].   

In India, protective headgear is certified by the Bureau of Indian Standards (BIS). BIS requires that all protective 
helmets for M2W riders meet or exceed the minimum performance requirements specified in Indian Standard 
4151 (IS 4151) [4]. This standard covers minimum impact and penetration capabilities, chin strap retention 
qualities, and a prescribed minimum field of view. Manufacturers place the Indian Standards Institution (ISI) mark 
on the back of each helmet to certify that their helmets meet all the requirements. The fourth revision of IS 4151 
has been aligned with Economic Commission for Europe (ECE) Regulation No. 22, Revision 4, incorporating the 05 
Series of amendments to the extent possible, keeping in view Indian conditions. For protective M2W helmets 
(with or without lower face cover), IS 4151 specifies material and construction requirements for the shell, 
protective padding, comfort padding, retention system, metal parts and visor. The standard also specifies 
requirements for dimensions, impact absorption, rigidity, retention system, peripheral vision, workmanship and 
finish.  

A number of studies worldwide have examined helmet damage and injury severity to address the performance 
of helmets in real world crashes. Helmet damage replication tests have been used for years to evaluate the helmet 
effectiveness [5-7] and head impact severity, and as a basis for governmental standards [8-10]. However, a study 
[11] of 1,082 motorcycle crashes in Thailand noted that the helmet damage is not a sole indicator of head injury 
and illustrated the need for multidisciplinary crash investigation including crash scene investigation, crash 
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reconstruction, helmet examination and injury examination to further assess the effectiveness and performance 
of helmets.  

The current study uses in-depth crash investigation data from the Road Accident Sampling System—India 
(RASSI) to address the effectiveness of helmets in reducing fatalities and serious injuries on Indian roads. This 
paper presents a preliminary evaluation of helmet effectiveness, injury patterns and crash factors associated with 
M2W crashes using Indian crash data. The objective is to provide analyses based on Indian data that may help 
determine future policies on helmet standards and design that will be suitable to the local conditions in India. 

II. METHODS 

Data Used 
The data from the RASSI database was analysed for this study. RASSI is a pioneering Indian initiative, supported 

by an international consortium of original equipment manufacturers, suppliers and research organisations aimed 
at collecting in-depth scientific road accident data on roads across India through on-scene and retrospective 
investigations [12]. To date, under the RASSI initiative, 5,000 crashes have been investigated and information on 
detailed on-scene examination, vehicle inspection, crash reconstruction, injury analyses and contributing factor 
analyses are included in the data. Under the RASSI initiative, in-depth crash data is being collected from five 
different sampling centres across India. These sampling centres include urban and semi-urban roads, state 
highways, national highways and expressways. RASSI data is a sample of crashes occurring on Indian roads and 
are statistically weighted to represent the crashes at national level using police data collected from each of the 
five sampling centres [13]. A stratified sampling system, has been developed to derive national estimates from 
RASSI data and published national statistics by the Ministry of Road Transport and Highways (MoRTH) [1], India. 
The methodology used to derive national estimates for RASSI data is based on the National Automotive Sampling 
System – Crashworthiness Data System (NASS/CDS) weighted sampling design developed by The National 
Highway Traffic Safety Administration (NHTSA) [14] and weighted sampling design developed for German In-
Depth Accident Study (GIDAS) data [15] in Germany.  

In the RASSI database, fatal occupants are defined as those who die within 30 days of a crash, and serious 
occupants as those hospitalised for more than 24 hours or die after 30 days or more from the date of accident. A 
M2W rider is defined as someone riding a motorcycle, scooter or moped. A rider is helmeted when the helmet 
usage variable is coded as full-face helmet, half shell, or three-quarter shell. A rider is unhelmeted when the 
helmet usage is coded as none used or helmet used improperly (chain strap not buckled). 

A total of 3,046 crashes from the RASSI database for the period April 2011 to March 2018 were considered for 
this study. Of the 3,046 total crashes obtained from the RASSI database, 1,238 crashes involved at least one M2W. 
These 1,238 crashes involved a total of 1,359 M2Ws with 1,983 riders. Of the 1,983 riders, only 203 riders (10%) 
were helmeted and 1,702 riders (86%) were unhelmeted. The helmet usage was not known for the remaining 78 
riders (4%). This paper examines the helmet effectiveness based on the 1,905 riders (203 helmeted and 1,702 
unhelmeted) from 1,197 crashes.  

For the RASSI study, detailed medical records of all possible road users involved in the crash are collected. Of 
the 1,905 riders, medical records were available for 1,061 riders. Detailed injury related analyses were performed 
based on this sample of 105 helmeted riders and 956 unhelmeted riders with medical records. Table I presents 
the sample used for this study.  

TABLE I 
SAMPLE USED 

Description Unweighted sample Weighted sample 
Total number of crashes  1,197 crashes 2,737,515 crashes 
Total number of M2Ws 1,308 M2Ws 3,111,507 M2Ws 
Total number of unhelmeted riders 1,702 riders 3,681,054 riders 
Total number of unhelmeted riders with medical record 956 riders 1,623,310 riders 
Total number of helmeted riders 203 riders 310,428 riders 
Total number of helmeted riders with medical record 105 riders 184,749 riders 
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Methodology 
The analyses were performed for both unweighted and weighted data. The effectiveness was calculated based 
on the conventional method used in several other studies [16-30].  

The effectiveness of helmet usage in reducing the risk of fatality is defined as: 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐸𝐸𝐸𝐸𝐸𝐸𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸𝐸𝐸𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸𝐸𝐸 = 
                       (𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑟𝑟𝑓𝑓𝑟𝑟𝑟𝑟 𝑓𝑓𝑓𝑓𝑟𝑟 𝑢𝑢𝑢𝑢ℎ𝑒𝑒𝑓𝑓𝑒𝑒𝑒𝑒𝑓𝑓𝑒𝑒𝑒𝑒 𝑟𝑟𝑓𝑓𝑒𝑒𝑒𝑒𝑟𝑟𝑟𝑟 – 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑟𝑟𝑓𝑓𝑟𝑟𝑟𝑟 𝑓𝑓𝑓𝑓𝑟𝑟 ℎ𝑒𝑒𝑓𝑓𝑒𝑒𝑒𝑒𝑓𝑓𝑒𝑒𝑒𝑒 𝑟𝑟𝑓𝑓𝑒𝑒𝑒𝑒𝑟𝑟𝑟𝑟)

(𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑟𝑟𝑓𝑓𝑟𝑟𝑟𝑟 𝑓𝑓𝑓𝑓𝑟𝑟 𝑢𝑢𝑢𝑢ℎ𝑒𝑒𝑓𝑓𝑒𝑒𝑒𝑒𝑓𝑓𝑒𝑒𝑒𝑒 𝑟𝑟𝑓𝑓𝑒𝑒𝑒𝑒𝑟𝑟𝑟𝑟) × 100                                   (1)         

The effectiveness of helmet usage in reducing the risk of serious/fatal injury is defined as:    

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐸𝐸𝐸𝐸𝐸𝐸𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸𝐸𝐸𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸𝐸𝐸 =
  (𝑆𝑆𝑒𝑒𝑟𝑟𝑓𝑓𝑓𝑓𝑢𝑢𝑟𝑟 𝑓𝑓𝑟𝑟 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑓𝑓𝑢𝑢𝑖𝑖𝑢𝑢𝑟𝑟𝑓𝑓 𝑟𝑟𝑓𝑓𝑟𝑟𝑟𝑟 𝑓𝑓𝑓𝑓𝑟𝑟 𝑢𝑢𝑢𝑢ℎ𝑒𝑒𝑓𝑓𝑒𝑒𝑒𝑒𝑓𝑓𝑒𝑒𝑒𝑒 𝑟𝑟𝑓𝑓𝑒𝑒𝑒𝑒𝑟𝑟𝑟𝑟 – 𝑆𝑆𝑒𝑒𝑟𝑟𝑓𝑓𝑓𝑓𝑢𝑢𝑟𝑟 𝑓𝑓𝑟𝑟 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  𝑓𝑓𝑢𝑢𝑖𝑖𝑢𝑢𝑟𝑟𝑓𝑓 𝑟𝑟𝑓𝑓𝑟𝑟𝑟𝑟 𝑓𝑓𝑓𝑓𝑟𝑟 ℎ𝑒𝑒𝑓𝑓𝑒𝑒𝑒𝑒𝑓𝑓𝑒𝑒𝑒𝑒 𝑟𝑟𝑓𝑓𝑒𝑒𝑒𝑒𝑟𝑟𝑟𝑟)

(𝑆𝑆𝑒𝑒𝑟𝑟𝑓𝑓𝑓𝑓𝑢𝑢𝑟𝑟 𝑓𝑓𝑟𝑟 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑓𝑓𝑢𝑢𝑖𝑖𝑢𝑢𝑟𝑟𝑓𝑓 𝑟𝑟𝑓𝑓𝑟𝑟𝑟𝑟 𝑓𝑓𝑓𝑓𝑟𝑟 𝑢𝑢𝑢𝑢ℎ𝑒𝑒𝑓𝑓𝑒𝑒𝑒𝑒𝑓𝑓𝑒𝑒𝑒𝑒 𝑟𝑟𝑓𝑓𝑒𝑒𝑒𝑒𝑟𝑟𝑟𝑟) × 100         (2) 

For the 1,061 riders with detailed medical records, a list of injuries sustained by each rider is extracted. An 
Abbreviated Injury Scale 2008 (AIS 08) code [31] is assigned to each injury sustained by the rider. Nature of the 
injuries sustained by the riders were studied by body region and AIS severity to understand the influence of 
helmet usage on the injuries sustained by the riders. 

Since M2W helmets are designed to reduce or mitigate serious head injuries, a separate analysis was performed 
for riders sustaining at least one AIS 3+ head injury to understand the effectiveness of helmet usage in reducing 
AIS 3+ head injury.  
 
The effectiveness of helmet usage in reducing AIS 3+ head injury is defined as:  

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐸𝐸𝐸𝐸𝐸𝐸𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸𝐸𝐸𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸𝐸𝐸 = 
           (𝐴𝐴𝐴𝐴𝑆𝑆 3+ ℎ𝑒𝑒𝑓𝑓𝑒𝑒 𝑓𝑓𝑢𝑢𝑖𝑖𝑢𝑢𝑟𝑟𝑓𝑓 𝑟𝑟𝑓𝑓𝑟𝑟𝑟𝑟 𝑓𝑓𝑓𝑓𝑟𝑟 𝑢𝑢𝑢𝑢ℎ𝑒𝑒𝑓𝑓𝑒𝑒𝑒𝑒𝑓𝑓𝑒𝑒𝑒𝑒 𝑟𝑟𝑓𝑓𝑒𝑒𝑒𝑒𝑟𝑟𝑟𝑟 – 𝐴𝐴𝐴𝐴𝑆𝑆 3+ ℎ𝑒𝑒𝑓𝑓𝑒𝑒 𝑓𝑓𝑢𝑢𝑖𝑖𝑢𝑢𝑟𝑟𝑓𝑓 𝑟𝑟𝑓𝑓𝑟𝑟𝑟𝑟 𝑓𝑓𝑓𝑓𝑟𝑟 ℎ𝑒𝑒𝑓𝑓𝑒𝑒𝑒𝑒𝑓𝑓𝑒𝑒𝑒𝑒 𝑟𝑟𝑓𝑓𝑒𝑒𝑒𝑒𝑟𝑟𝑟𝑟)

(𝐴𝐴𝐴𝐴𝑆𝑆 3+ ℎ𝑒𝑒𝑓𝑓𝑒𝑒 𝑓𝑓𝑢𝑢𝑖𝑖𝑢𝑢𝑟𝑟𝑓𝑓 𝑟𝑟𝑓𝑓𝑟𝑟𝑟𝑟 𝑓𝑓𝑓𝑓𝑟𝑟 𝑢𝑢𝑢𝑢ℎ𝑒𝑒𝑓𝑓𝑒𝑒𝑒𝑒𝑓𝑓𝑒𝑒𝑒𝑒 𝑟𝑟𝑓𝑓𝑒𝑒𝑒𝑒𝑟𝑟𝑟𝑟) × 100       (3) 

Then, the crash conditions and the collision partners of crashes involving helmeted M2W riders sustaining AIS 
3+ head injury were analysed to understand the severity of the crashes and the vehicle mix on the Indian roads.  

Crash data and photographs were examined to identify the helmet type, helmet certification standard, collision 
partner and post impact helmet damage condition of riders who had sustained AIS 3+ head injury.  

III. RESULTS 

Of the 1,702 unhelmeted riders, 34% were fatally injured. Of the 203 helmeted riders, 26% were fatally injured. 
Figure 1 presents the risk of fatality by helmet usage.  

 
Fig. 1. Risk of Fatal Injury, by Helmet Usage (RASSI, April 2011 – March 2018). 

The effectiveness of a helmet in reducing the risk of fatality as per Equation 1 is: 

 (0.34 - 0.26 / 0.34) * 100 = 24% 
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Of the 1,702 unhelmeted riders, 73% sustained serious/fatal injury. Of the 203 helmeted riders, 66% sustained 
serious/fatal injury. The risk of serious/fatal injury by helmet usage is presented in Figure 2.  

 
Fig. 2. Risk of Serious/Fatal Injury, by Helmet Usage (RASSI, April 2011 – March 2018). 

The effectiveness of a helmet in reducing the risk of serious/fatal injury as per Equation 2 is: 

 (0.73 - 0.66 / 0.73) * 100 = 10%      

Injury pattern and severity by helmet usage 
Detailed medical records were available for 1,061 M2W riders. Of this, 105 riders were helmeted, and 956 

riders were unhelmeted. Table II presents the percentage of injuries by body region and by injury severity for 
both helmeted and unhelmeted riders. Of the 1,061 riders, 76 helmeted riders and 745 unhelmeted riders 
sustained at least one AIS 2+ injuries. Remaining 240 riders sustained only AIS 1 injuries. A total of 350 and 3,625 
AIS 2+ injuries were sustained by helmeted and unhelmeted riders respectively.  

TABLE II 
         PERCENT OF INJURIES BY BODY REGION AND BY AIS SEVERITY for Helmeted AND UNHELMETED RIDERS WITH MEDICAL RECORDS 

Body Region AIS 2 AIS 3-6 
 Helmeted Unhelmeted Helmeted Unhelmeted 

Head 11% 29% 33% 51% 
Face/Neck 3% 5% 4% 3% 

Thorax 7% 5% 25% 19% 
Abdomen 16% 13% 18% 8% 

Spine 11% 7% 1% 4% 
Upper Extremity* 25% 18% 2% 1% 
Lower Extremity* 26% 23% 17% 14% 

Total Number of Injuries 201 1,909 149 1,716 
       * On the AIS injury severity scale, which is based on threat to life,   
               lower extremity injuries are primarily coded AIS 1, 2, or 3.  

Comparison of AIS 3+ head injuries of helmeted and unhelmeted riders from table II shows that, an unhelmeted 
rider is approximately 1.5 times more likely to sustain an AIS 3+ head injury compared to a helmeted rider (51% 
unhelmeted against 33% helmeted). Similarly, an unhelmeted rider is approximately 2.5 times more likely to 
sustain an AIS 2 head injury compared to a helmeted rider (29% vs 11%, respectively). AIS 3+ thoracic injuries 
were seen in case of both unhelmeted and helmeted riders (19% and 25%, respectively). Table II also shows that, 
a majority of AIS 2 injuries sustained by both unhelmeted and helmeted riders were to the extremities (41% and 
51%, respectively) including tibia and fibula fractures which are less likely to be life threatening but require long-
term medical attention or hospitalisation.   
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Helmet effectiveness in reducing AIS 3+ injuries 
Serious (AIS 3+) head injuries are more frequent than any other injury type for M2W riders and, consequently, 

a separate analysis was performed for riders sustaining at least one AIS 3+ severity injury to the head (serious 
head injury). There were 31 helmeted M2W riders who sustained at least one serious injury (AIS 3+ Injury) to the 
head and 438 unhelmeted riders with at least one serious injury (AIS 3+ injury) to head. Medical records were 
available for 105 helmeted and 956 unhelmeted riders. Hence, the risk of AIS 3+ head injury is 30% (31/105) for 
helmeted riders and 46% (438/956) for unhelmeted riders. Figure 3 presents the risk of serious head injury by 
helmet usage.  

 
Fig. 3. Risk of AIS 3+ (Serious) Head Injury, by Helmet Usage (RASSI, April 2011 – March 2018). 

 

The effectiveness of a helmet in reducing the risk of AIS 3+ (serious) head injuries as per Equation 3 is:  

 (0.46 - 0.30) / 0.46 = 35%  

Investigation of AIS 3+ head injuries for helmeted riders 

There were 31 helmeted M2W riders who had sustained at least one AIS 3+ injury to the head, including 11 riders 
who were involved in runover accidents. Injury analysis of these 11 riders shows that all 11 crashes involved a 
heavy vehicle running over the head of the rider, and the helmets were completely destroyed.  

The remaining 20 Non-runover crashes were studied to ascertain the factors influencing serious (AIS 3+) head 
injuries to the helmeted riders. The collision partner analysis of these 20 non-runover riders shows that 55% (11 
riders) of the riders sustained AIS 3+ head injury as a result of an impact with a truck or a bus, 40% (8 riders) as a 
result of an impact with a fixed object and 5% (1 rider) as a result of an impact with a Mini truck. This is significantly 
different from the vehicle mix and crash conditions seen in developed countries.  

Appendix 1 shows the types of helmets used by the 20 non-runover riders with AIS 3+ head injuries and the 
damage these helmets sustained. Of the 20 riders, 17 riders were using a full-face helmet, two were using a three-
quarter shell helmet and one was using a half-shell helmet. About, 16 out of 20 helmets were ISI certified and 3 
were DOT or ECE certified. Helmets of all these 20 riders were either destroyed (catastrophic damage, such as 
collapse of or intrusions to the shell) or damaged (cracks, scratches, etc.). The high percentage of destroyed 
helmets indicates crash severity or other design factors that need to be examined in the future to ensure helmet 
performance and effectiveness.  

Results from Weighted Data 
The analyses were repeated using sampling weights developed for crashes captured in the RASSI database 

between May 2011 and March 2018. (Sampling weights for April 2018 to March 2019 are currently under 
development). The results were consistent, as discussed below. 

The raw count of 1,905 riders were extrapolated to represent 3,991,482 riders on a national level. The results 
using weighted data are presented below:    

• The helmet usage is 8% compared to 10% using unweighted data. 
• The effectiveness of helmets in reducing the fatality risk is 28% (compared to 24% for unweighted). 
•  The effectiveness of helmets in reducing serious injuries/fatalities is 9% (compared to 10% for 

unweighted).     
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• About, 40% (compared to 33% for unweighted) of the AIS 3-6 injuries to helmeted riders were to the 
head.   

• About, 58% (compared to 51% for unweighted) of the AIS 3-6 injuries to unhelmeted riders were to the 
head.  

• In case of helmeted riders, 22% (compared to 26% for unweighted) of the AIS 2 injuries were lower 
extremity injuries and about 25% (compared to 25% for unweighted) of AIS 2 injuries were upper 
extremity injuries.  

• In case of unhelmeted riders, 27% (compared to 23% for unweighted) of the AIS 2 injuries were lower 
extremity injuries and about 18% (compared to 18% for unweighted) of AIS 2 injuries were upper 
extremity injuries.  

Data on serious (AIS 3+) head injuries to helmeted riders was based on 31 incidents. No attempt was made at 
this time to use sampling weights to estimate effectiveness for reduction of serious (AIS 3+) head injury. 

IV. DISCUSSION 
 

There is a significant difference in purpose, crash environment and vehicle mix experienced by M2W riders in 
European countries compared to India. In India, about 70% of the registered vehicles are M2Ws [1] and for many, 
M2Ws are the primary and necessary mode of transportation. While in Europe and the US, M2Ws are used more 
for recreational purposes. Consequently, any additional safety devices that need to be purchased by riders might 
be influenced by economic and practical considerations in India more than the safety aspect. Policies promoting 
safety, design suitable for local conditions and proper testing and use of helmets are warranted to educate the 
Indian public, in combination with stricter helmet use enforcement. In August 2019, the Indian Motor Vehicle Act 
1988 including enforcement of helmet usage [32] was revised and the new Motor vehicle Act, 2019 came into 
force [33]. The revisions involved increased monetary fines and stringent regulations for helmet and seat belt 
usage, traffic violations and licensing. This new legislation is a step in the right direction.   

The Indian crash data shows that, while helmets reduce fatalities (24% effectiveness), they are only 10% 
effective in reducing the risk of all serious/fatal injury. Helmet effectiveness could be improved if crash factors 
unique to India were taken into account. For example, this study shows that in a high percentage of crashes where 
the helmeted rider had sustained AIS 3+ head injury, the M2W rider had collided with a much larger vehicle (such 
as a truck or bus) (55%), resulting in a high severity crash. A review of the helmets worn by riders in such crashes 
shows that in over half of the cases these helmets were destroyed. A more stringent testing and design standard 
and quality control might be warranted to reach the maximum injury reduction potential of helmets in India due 
to the dangers posed by vehicle compatibility issues on Indian roads. Alternatively, the M2Ws will also need to 
be separated from heavy vehicle traffic through road and infrastructure design. The study also shows that a higher 
proportion of helmeted riders sustaining AIS 3+ head injury had collided with fixed objects (40%) such as lamp 
posts, road delineators, trees and other roadside furniture. Installation of energy absorbing features before these 
solid objects or redesigning the objects to be more crash worthy can reduce the severity of the crash and resulting 
injuries.   

The results of this study show that 11 of the 31 helmeted riders sustained AIS 3+ head injury in runover crashes. 
In four of these crashes, the critical situation involved hard braking of the M2W, which caused the vehicle to fall 
down, followed by a heavy vehicle running over a M2W rider (Main rider or pillion rider). So this shows that, in 
addition to crash injury reduction, it is also important to address crash avoidance for M2W riders. Active safety 
systems, such as Anti-lock Braking System (ABS), maintain steerability and vehicle stability during emergency 
braking [34]. Improper braking resulting in loss of control was identified as a major pre-crash factor in motorcycle 
crashes [35]. The Indian government has mandated ABS for M2Ws from 2019. This new legislation is a step in the 
right direction. The effectiveness of ABS in reducing crashes can be addressed in the future as more data on M2Ws 
with ABS becomes available. 

In addition, this study also shows that approximately a quarter of all AIS 2 injuries seen in both helmeted and 
unhelmeted riders were to the lower extremities.  The AIS body region “lower extremity” includes the pelvis, hip, 
thigh, knee, lower leg, ankle and foot. According to a 2008 study [36], while lower extremity injuries are less likely 
to be life threatening (compared to consequences associated with head injuries), many AIS 2 lower extremity 
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injuries involve leg injuries resulting in tibia and fibula fractures and require long-term medical attention or 
hospitalisation. These lower extremity injuries (even AIS 2 severity) need to be addressed to better understand 
the nature of leg, knee and ankle injuries, particularly those that might result in fractures, amputations or long-
term disability. There are safety devices besides helmets that might help reduce the specific types of injuries most 
often seen in Indian crash data.  

This study uses data from the only comprehensive, scientific, in-depth crash investigation data (RASSI) collected 
on Indian roads to understand the helmet effectiveness, injury patterns and crash factors associated with M2W 
crashes. Although the study is based on a limited sample of helmeted riders, the results of the paper highlight key 
issues related to the quality of the helmets and the dangers posed by vehicle compatibility issues on Indian roads. 
The results from this study may pave the way in determining future policies on helmet standards and design that 
will be suitable to the local conditions in India. In August 2019, the revised Indian Motor Vehicle, 2019 came into 
effect [33]. The regulations were made more stringent and the fines for violations were increased drastically for 
unhelmeted riders. JP Research USA commissioned an observational survey on helmet usage and seat-belt usage 
in all five RASSI locations in January 2020. The survey included about 20,000 M2W riders. The results from this 
survey shows that the overall helmet usage rate across all five locations had increased considerably to 60%, an 
increase from a previous 10%. This shows that regulations and enforcement play a key role in improving human 
behaviour in regard to road safety. In light of increased helmet use, this study will be repeated in the future. 

V. CONCLUSIONS  

The findings presented in this paper are part of a pioneering M2W helmet study based on Indian data from the 
RASSI database. It is the first study of its kind using such data, which consists of more than 3,000 crashes studied 
and coded in detail over 7 years of in-depth data collection on Indian roadways. This Indian data shows that: 

• The helmet usage rate by M2W riders on Indian roads is low, as only 10% (8% as per weighted data) of 
the riders in the database were helmeted. 

• The effectiveness of helmets in reducing fatalities under Indian crash conditions is 24% (28% as per 
weighted data). 

• Helmets are only 10% (9% as per weighted data) effective in reducing the risk of all serious/fatal injuries 
for M2W riders under Indian crash conditions. 

• An unhelmeted rider is 1.5 times more likely to sustain a serious (AIS 3+) head injury, compared to a 
helmeted rider.  

• Similarly, an unhelmeted rider is approximately 2.5 times more likely to sustain an AIS 2 head injury 
compared to a helmeted rider.  

• Helmets are 35% effective in reducing the risk of AIS 3+ head injuries on Indian roads. 
• Majority of the helmeted riders who had sustained AIS 3+ head injuries on Indian roads had a collision 

either with a heavy vehicle (such as a bus or a truck) (55%) or a fixed object (40%). This is significantly 
different from the vehicle mix and crash conditions seen in developed countries.     

• All helmets of riders with AIS 3+ head injury were either destroyed (catastrophic damage, such as collapse 
or penetration of the shell) or damaged (cracks, scratches, etc.).  

• The crash conditions seen on the Indian roads and the destroyed helmets indicate that the crash severity 
and the helmet design and standards needs to be examined to ensure better helmet performance for 
Indian conditions. Alternatively, crash avoidance needs to be considered through safety technologies 
such as ABS and separation of M2W traffic from heavy vehicle traffic through road design and 
infrastructure. 

This paper provides evidence of the nature and types of injuries and crashes experienced by M2W riders, using 
Indian crash data. As an overview of trends, it offers findings useful for helmet manufacturers, public policy 
makers, and the auto safety research community. As the database grows, more in-depth analyses using RASSI 
data could provide valuable insights to further address M2W rider safety. 

IRC-20-67 IRCOBI conference 2020

587



 

VI. ACKNOWLEDGEMENT 

The authors gratefully acknowledge the support of the RASSI consortium members: Robert Bosch GmbH, Nissan 
Motor Company, Daimler AG, Toyota, Renault SAS, Hyundai KIA Motors, Honda, Autoliv, Maruti Suzuki, TATA 
motors, Mahindra Rise, Continental and JP Research, Inc. We extend sincere thanks to all the crash investigators 
in JPRI who have worked hard to collect the in-depth accident data in challenging conditions.  

VII. REFERENCES  

[1] Transport Research Wing (Ministry of Road Transport and Highways, Government of India) Road Accidents 
in India – 2018. (2019) Government of India, pp.2–3. 

[2] Arjun P, et al. An in-depth study of motorized two-wheeler accidents in India. Proceedings of IRCOBI   
Conference, 2014, Berlin, Germany. 

[3] Murtuza S, Saurabh B, Muddassar P. Injuries sustained by riders and pillions of M2W in India. Proceedings of 
IRCOBI ASIA Conference, 2018, Lonavala, India. 

[4] Bureau of Indian Standards. Protective Helmets for Two-Wheeler Riders – Specification, IS 4151, Fourth 
Revision. 

[5] Hurt HH, Jr, Ouellet JV, Wagar IJ. Analysis of accident involved motorcycle safety helmets. Association for 
the Advancement of Automotive Medicine Annual Conference Proceedings, 1976, Atlanta, USA.  

[6] Hurt HH, Jr, Thom DR. Laboratory tests and accident performance of bicycle safety helmets. Association for 
the Advancement of Automotive Medicine Annual Conference Proceedings, 1985, Washington, DC, USA. 

[7] Smith TA, Tees D, Thom DR, Hurt HH, Jr. Evaluation and replication of impact damage to bicycle helmets. 
Association for the Advancement of Automotive Medicine Annual Conference Proceedings, 1993, San 
Antonio, USA 

[8] United States Department of Transportation. Federal Motor Vehicle Safety Standard 208, NHTSA; 2000a. 
 
[9] United States Department of Transportation. Federal Motor Vehicle Safety Standard 218, NHTSA; 2000b. 
 
[10] Thailand Department of Highways. Thai Industrial Standard – Protective Helmets for Vehicle Users. 1996; 

369–2539 

[11] Wobrock J, Smith T, Kasantikul V, Whiting W. Effectiveness of collision-involved motorcycle helmets in 
Thailand. Association for the Advancement of Automotive Medicine Annual Conference Proceedings, 2003, 
Lisbon, Portugal. 

[12] Rameshkrishnan N, et al. The New In-Depth, At-Scene, Accident Investigation Database in India. Proceedings 
of IRCOBI Conference, 2013, Gothenburg, Sweden. 

[13] Padmanaban J, Ravishankar R, Dandapani A. Methodology to Derive National Estimates of Injuries and 
Fatalities in Road Traffic Crashes in India. SAE technical paper 2017-26-0016, 2017, doi:10.4271/2017-26-
0016. 

[14] National Highway Traffic Safety Administration. NASS-CDS: Sample Design and Weights. NHTSA, DOT HS 811 
807, July 2013.  

[15] Otte D, et al. Scientific Approach and Methodology of a New In-Depth-Investigation Study in Germany so 
called GIDAS. Enhanced Safety Vehicle conference proceedings, 2003, Nagoya, Japan.  

[16] Hochberg Y. A study of Seatbelt Effectiveness Based on a Methodology for Analyzing General Categorical 
Data with Miscalculation Errors. Proceedings of Sixth International Technical Conference on Experimental 
Safety Vehicles, 1976, Washington, D.C., USA. 

[17] Mackay M. Two Years’ Experience with the Seat Belt Law in Britain. SAE Technical Paper 851234, 1985, 
doi:10.4271/851234. 

[18] Ashton SJ, Mackay M, et al. The Effects of Mandatory Seatbelt Use in Great Britain. Proceedings of Tenth 
International Technical Conference on Experimental Safety Vehicles, 1985, Washington, D.C., USA.   

IRC-20-67 IRCOBI conference 2020

588



 

[19] Evans L. Occupant Protection Device Effectiveness – Some Conceptual Considerations. Journal of Safety 
Research, 1987, Vol. 18 (3):pp.137-144.  

[20] Dalmotas D, Krzyzewski J. Restraint System Effectiveness as a Function of Seating Position. SAE Technical 
Paper 870489, 1987, doi;10.4271/870489 

[21] Padmanaban J, Ray R. Safety Performance of Rear Seat Occupant Restraint Systems. SAE Technical Paper 
922524, 1992, doi:10.4271/922524. 

[22] United States Department of Transportation. First Report to Congress, Effectiveness of Occupant Protection 
Systems and Their Use, DOT-HS-808-019, NHTSA, 1993.  

[23] Evans L. Safety-belt Effectiveness: The Influence of Crash Severity and Selective Recruitment. Accident 
Analysis & Prevention, 1996, Vol. 28 (4):pp.423-433.  

[24] Warner CY, et al. Usage and effectiveness of rear-seat-belt restraints in severe frontal crashes. ISATA, 1997 
Florence, Italy. 

[25] Cuerden R, Mackay M, et al. The Potential Effectiveness of Adaptive Restraints. Proceedings of IRCOBI 
Conference, 2001, Isle of Man, UK. 

[26] Rosen E, et al. Pedestrian Injury Mitigation by Autonomous Braking. Accident Analysis & Prevention, 2010, 
Vol. 42 (6):pp.1949-1957.  

[27] Padmanaban J, Fitzgerald. Effectiveness of Rollover-Activated Side Curtain Airbags in Reducing Fatalities in 
Rollovers. Proceedings of IRCOBI Conference, 2012, Dublin, Ireland 

[28] Scanlon J, et al. Potential Safety Benefits of Lane Departure Warning and Prevention Systems in the US 
Vehicle Fleet. Journal of the Transportation Research Board, 2016, pp.17-23. Doi:10.3141/2559-03 

[29] Saadé J, et al. Prospective Evaluation of the Effectiveness of Autonomous Emergency Braking Systems in 
Increasing Pedestrian Road Safety in France. Proceedings of IRCOBI Conference, 2019, Florence, Italy. 

[30] Chajmowicz H, et al. Prospective Assessment of the Effectiveness of Autonomous Emergency Braking in Car-
to-Cyclist Accidents in France. Association for the Advancement of Automotive Medicine Annual Conference 
Proceedings, 2019, Madrid, Spain.    

[31] Association for the Advancement of Automotive Medicine 2008. Abbreviated Injury Scale 2005 (Update 
2008). Barrington (IL): Author. 

[32] The Indian Motor Vehicle Act, 1988. Internet: 
[https://indiacode.nic.in/bitstream/123456789/1798/1/A1988-59.pdf] [accessed 1 April 2020] 

[33] The Indian Motor Vehicle Act, 2019. Internet: [http://egazette.nic.in/WriteReadData/2019/210413.pdf] 
[accessed 1 April 2020] 

[34] Lich T, Kumaresh G, Moennich J. Benefit estimation of anti-lock braking system for powered two-wheeler on 
Indian highways. SAE Technical Paper 2015-26-0167, 2015, doi:10.4271/2015-26-0167 

[35] Teoh ER. Effects of Antilock Braking Systems on Motorcycle Fatal Crashes: An Update. Insurance Institute for 
Highway Safety,May 2013. 

[36] National Highway Traffic Safety Administration. Lower-Extremity Injuries in Motorcycle Crashes. NHTSA, 
DOT HS 810 982, August 2008. 

  

IRC-20-67 IRCOBI conference 2020

589



 

VIII. APPENDIX 

Appendix 1: Helmet Type, Damage Extent and Collision Partner for 20 Non-Runover Crashes Involving Serious 
(AIS 3+) Head Injury 

Helmet Damage: Destroyed  

Case Id: 91-2017-014-0108 
Helmet Damage: Catastrophic 
damage 
Collision Partner: Lamp post 
Accident Configuration: Object  
Certification: None   

Case Id: 91-2017-011-0051 
Helmet Damage: Catastrophic 
damage 
Collision Partner: Curb 
Accident Configuration: Object  
Certification: ISI  

  

Case Id: 91-2016-011-0084 
Helmet Damage: Catastrophic 
damage 
Collision Partner: Truck 
Accident Configuration: Crushed 
between two trucks  
Certification: ISI 

 

 

Case Id: 91-2012-002-0110 
Helmet damage: Helmet split 
into two 
Collision Partner: Truck 
Accident Configuration: Head-on 
sideswipe 
Certification: ISI 

 

 

Case Id: 91-2016-002-0065 
Helmet damage: Frontal shell 
came off 
Collision Partner: Mini truck 
Accident Configuration: Head-on 
sideswipe 
Certification: ISI 

  

Case Id: 91-2016-002-0044 
Helmet damage: Catastrophic 
damage 
Collision Partner: Truck 
Accident Configuration: Side 
Impact 
Certification: ISI  
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Case Id: 91-2013-002-0066 
Helmet damage: Catastrophic 
damage  
Collision Partenr: Truck  
Accident Configuration: Head-on  
Certification: ISI   

Case Id: 91-2016-011-0023 
Helmet damage: Catastrophic 
damage (Helmet was not 
available for inspection) 
Collision Partenr: Jersey wall and 
lamp post 
Accident Configuration: Object 
Certification: ISI 
 

  

 

Helmet Damage: Damaged 

Case Id: 91-2017-014-0118 
Helmet Damage: Deep Scratches 
Collision Partner: Pedestrian and 
then fall 
Accident Configuration: 
Pedestrian  
Certification: DOT 
 

 
 

Case Id: 91-2018-002-0012 
Helmet Damage: Cracked 
Collision Partner: Truck 
Accident Configuration: Rear-End  
Certification: ISI 
 

  

Case Id: 91-2016-002-0121 
Helmet Damage: Cracked 
Collision Partner: Bus 
Accident Configuration: Head-on 
Certification: ISI 

 
 

Case Id: 91-2016-002-0099 
Helmet damage: Scratches and 
blood found 
Collision Partner: Concrete pole 
Accident Configuration: Object 
Certification: ISI 
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Case Id: 91-2012-002-0125 
Helmet damage: Scratches  
Collision Partner: Truck 
Accident Configuration: 
Sideswipe 
Certification: ISI 
   

Case Id: 91-2015-002-0075 
Helmet damage: Chin guard 
cracked  
Collision Partner: Truck 
Accident Configuration: Side 
Impact 
Certification: ISI 
 

  

Case Id: 91-2014-002-0111 
Helmet damage: Chin guard 
cracked  
Collision Partenr: Truck  
Accident Configuration: Head-on  
Certification: ISI 
 

  

Case Id: 91-2015-002-0077 
Helmet Damage: Visor damage 
(High speed) 
Collision Partner: Farm Tractor 
Accident Configuration: Front-
Side 
Certification: DOT 
 

  

Case Id: 91-2017-011-0097 
Helmet Damage: Visor damage 
(High speed) 
Collision Partner: Truck 
Accident Configuration: Head-on 
sideswipe 
Certification: ECE & DOT 
 

  

Case Id: 91-2013-010-0027 
Helmet Damage: Scratches 
Collision Partner: Ground 
Accident Configuration: Swipe 
with a truck and fall on the 
ground 
Certification: ISI 
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Case Id: 91-2017-011-0121 
Helmet damage: Scratches  
Collision Partner: Object and 
then fall 
Accident Configuration: Object 
and then fall 
Certification: ISI 
 

 

 

Case Id: 91-2015-011-0041 
Helmet damage: Scratches & 
Visor damage 
Collision Partner: Object and 
then fall 
Accident Configuration: Object 
and then fall 
Certification: ISI 
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