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ABSTRACT - In Malaysia, riding motorcycles is a popular mode of transportation, particularly in 
urban areas where traffic congestion is prevalent. Additionally, motorcycles are relatively affordable 
and have low fuel consumption, which makes them an attractive option for many. Per Malaysian 
traffic laws, riders must wear helmets while riding. As a result, various brands and types of helmets 
are available for purchase. However, with the increasing popularity of online shopping platforms, 
many individuals opt to purchase helmets online despite the uncertain quality control of these 
products. This study aims to assess the effectiveness of three different types of motorcycle helmets 
in protecting the head from injury. The helmet types evaluated in this unbiased study include full-
face, open-face, and half-coverage helmets. The head injury predictors used in this study include 
Peak Linear Acceleration (PLA), Peak Rotational Acceleration (PRA), Head Injury Criterion (HIC), 
and Brain Injury Criterion (BrIC). Each helmet was subjected to an impact in a controlled 
environment using a 6-kg cylinder attached to a pendulum arm, with the impact directed at the front 
of the helmet at a speed of approximately 6 m/s. Full-face and open-face helmets performed 
exceptionally well in terms of linear parameters (PLA and HIC). The PLA and HIC of half-coverage 
helmets are nearly 70% and 50% higher than full-face and open-face helmets. All helmets perform 
poorly against rotational impact (PRA and BrIC). This shows that helmet design needs to be 
improved to enhance protection against rotational impact. This study represents the first case study 
in Malaysia to gather mechanical head injury data comparing the protective performance of different 
helmet types under both linear and rotational impact. These findings may provide a more accurate 
understanding of helmet performance in protecting against head injuries. 
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1.0 INTRODUCTION 
There remains a significant disparity in the rate of road death between high-income countries and middle to low-

income countries, according to data from the World Health Organization (WHO). High-income countries such as the 
United States of America (USA) and Europe have successfully reduced the rate of road death to 15.6 and 9.3 deaths per 
100,000 population, respectively. In contrast, Africa and Southeast Asia struggle with high road death rates, currently at 
26.6 and 20.7 deaths per 100,000 people, respectively [1]. The authors of this study concur with the statement made by 
Zainal Abidin and colleagues that Malaysia and other countries worldwide also face the same issue of rising road deaths 
[2]. Figure 1 illustrates a sudden rise in annual road deaths in Malaysia between 1992 and 1996, after which the statistics 
fluctuated above 6,000 people until recent years. Policy-makers in the country are actively developing solutions to address 
this issue and reduce road deaths.  

Figure 1. Total road deaths in Malaysia from 1972 until 2018 
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One possibility for reducing road deaths is that the government has implemented stricter traffic laws and regulations. 
The constant road safety interventions organised by the government may have slowly contributed to the decrease in the 
road death index. These interventions include the Safety Helmet Rules in 1973, Seat Belt Rules in 1978, Road Transport 
Act 1987 for Drunken Driving Speed, Speed Limit Rules in 1989, Motorcycle Daytime Running Headlight Regulation in 
1992, Road Safety Programmes in 1997, Integrated Road Safety Operations (Ops Sikap) since 2001, and many road safety 
plans. Statistical analysis has been used to predict future road traffic accidents, with the aim to halve its number in 
accordance with the sustainable development goal (SDG) 3.6 [3]–[5]. More recently, machine learning algorithms, such 
as Artificial Neural Networks and Support Vector Machines, have been used in many sectors to predict the outcome of 
an action [6]–[10], including road traffic accidents [11]–[13]. 

1.1 Motorcycle Road Death in Malaysia 

Motorcycles are primarily used for leisure in high-income countries such as the USA and Europe, whereas in Malaysia, 
standard or scooter-type motorcycles are a common choice. The population of Malaysia has developed a preference for 
low-engine capacity motorcycles due to their affordability and low fuel consumption. Furthermore, motorcycles are 
optimal for traffic congestion, particularly in big cities. This trend resembles other heavily populated Southeast Asian 
nations such as Thailand, Vietnam, Indonesia, and the Philippines. The rise of motorcycles on the roads of Malaysia has 
preceded a dominant representation of motorcycle accidents in the nation’s traffic fatality data, accounting for more than 
half of all road deaths each year [14]–[17]. The issue of motorcycling in Malaysia is distinctive with the term “Mat 
Rempit” or daredevil riders. These daredevil riders are often involved in illegal street racing and dangerous riding stunts. 
Most daredevil riders in Malaysia are young Malay males, some as young as 12 [18]–[20]. Furthermore, these riders are 
believed to possess only learner driving licenses or no licenses [21].  

1.2 Traumatic Brain Injury 

The Safety Helmet Rules that were enacted in 1973 obligated Malaysian riders to wear motorcycle helmets as 
protective equipment to avoid head injury occurrences, which mostly lead to Traumatic Brain Injury (TBI) [5], [22], [23]. 
TBI is a severe public health concern, with high death rates reported in the United States. Unfortunately, there has been 
a lack of published TBI statistics for Malaysia in recent years. The National Trauma Database, Malaysia (NTrD), has not 
yet released any data on TBI cases. However, in 2011, NTrD published major trauma statistics based on data collected 
from January to December 2009 in eight emergency and trauma departments in hospitals across Malaysia. During that 
year, there were 166,786 admissions to emergency and trauma departments. 78.35% of the 4,453 primary trauma patients 
had head and neck injuries with an Abbreviated Injury Score (AIS) ≥ 3, which indicates a serious, severe, critical, or 
maximal injury. Road traffic injuries contributed to nearly 80% of Malaysia’s trauma cases in 2009, with most cases 
occurring in males aged 15 to 24 [24], [25]. Motorcyclists and their passengers had the highest statistics, accounting for 
72.36% of all road traffic injuries. 

An observational study conducted in 2011–2015 found that 90% of the study population wore helmets, yet head injury 
remained a significant factor in fatalities [16]; therefore, the effectiveness of motorcycle helmets in preventing head 
injuries has been debated worldwide. Full-face helmets are the most effective in reducing the risk of head injury [26]–
[28]. A retrospective study in a small town in Korea concluded that full-face helmet has the lowest injury severity score 
among other types of helmet. Another retrospective study in California concluded head and neck injury of the full-face 
helmet wearer has the lowest percentages as compared to open-face and half-coverage helmets. However, some studies 
have found no significant difference between full-face helmets and other types of helmets except for improper helmet 
usage [29]–[32]. However, universal helmet laws have been shown to reduce head injuries in some countries [33], [34], 
contradicting the Malaysian case scenario when the universal helmet law was first introduced, where the rate of 
motorcyclist fatality spiked [5]. The lack of public awareness and law enforcement at the time may have contributed to 
the lack of compliance with the law. 

1.3 International Certification of Motorcycle Helmet 

Motorcycle helmets must meet international safety standards to ensure their quality and effectiveness in protecting 
riders. These standards are set by codes such as FMVSS No. 218, Snell M2015/M2020, BS 6658, ECE 22.05, and JIS T 
8133: 2000. International certification organisation bodies mandate that helmets must undergo impact testing at specific 
speeds. For example, FMVSS No. 218 requires impact testing at speeds of 5.2 m/s and 6.0 m/s, while BS 6658 requires 
testing at speeds ranging from 4.6 to 7.5 m/s. UNR 22.05, Snell M2000, and M2005 standards may test at a speed of 6.6 
to 7.8 m/s. In addition to these international standards, the Road Transport Department (RTD) of Malaysia has regulations 
that require all helmets sold in the country to meet the safety standards MS 1 adopted from the UNR 22.05, which includes 
the resistance to penetration test and an impact absorption test. 

In Malaysia, the quality and safety of motorcycle helmets are evaluated by the Department of Standards Malaysia 
(STANDARDS MALAYSIA) and the Standard and Industrial Research Institute of Malaysia (SIRIM Berhad) through a 
series of tests. These tests include a penetration resistance test and an impact absorption test. The penetration resistance 
test requires a 4.5 kg steel striker to be dropped onto the helmet from a height of 2,000 mm. Meanwhile, the helmet is 
dropped from a height of 2,150 mm onto a flat anvil in an impact absorption test. The helmet’s ability to absorb impact 
is measured using linear accelerometer cables [35]. To be certified and legally sold in Malaysia, helmets must not exceed 
275 g Peak Linear Acceleration (PLA) and 2,400 Head Injury Criterion (HIC) score. It’s worth mentioning that, as Meng 
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observed, head injuries sustained during road accidents may also be caused by rotational acceleration, such as subdural 
hematomas or diffuse brain injuries. Rotational acceleration is considered to be more dangerous than linear acceleration 
[36]. The current certification test does not take into account rotational acceleration [37]–[39]; hence, there’s a need for 
further research to understand the association between rotational motion and TBI [40]. 

Despite these regulations by international organisations, there is a growing concern over the availability of non-
certified motorcycle helmets, mainly imported from China and sold online. These helmets are either non-certified by 
international standards or need proper safety precautions, such as half-coverage helmets. Non-certified helmet usage is 
prevalent among occupational riders in Malaysia, according to studies by Kulanthayan et al. (2012) and Yellappan et al. 
(2019) [41], [42]. As such, it is crucial to assess the protective performance of motorcycle helmets better to understand 
the association between helmet use and head injury. Thus, the primary goal of this study was to study the protective 
performance of full-face helmets, open-face helmets, and half-coverage helmets.  

2.0 METHODOLOGY 
2.1 Experiment Equipment and Devices 

Head impact analysis is normally performed using a commercialised monorail impact test. However, purchasing a 
commercialised high-impact testing machine is not a viable option for this study due to its high cost. Hence, a customised 
pendulum impact test rig was developed to bring the same purpose as the head impact experiment. The pendulum impact 
test rig is emulating Thorne and colleagues’ method of striking the NOCSAE head form [43]. The rig measured 
2.00×0.62×2.06 m, as shown in Figure 2.  

 
Figure 2. Dimension of the pendulum test rig 

A 1.50 m pendulum arm was attached to the middle of the test rig. It was designed in a pendulum style to enable easy 
repetition of impacts. The pendulum arm could be released from a maximum of 90° to lower angles depending on the 
approximate desired velocity. The impact in this research was conducted at the lowest point of gravity to maximise the 
possible speed. The average recorded speed was 5.58 ± 0.29 m/s (measured using the SpeedClock app for iOS, which 
records the footage at 240 frames per second). Motorcycle helmet testing worldwide is conducted at speeds ranging from 
3.05 to 10.0 m/s [44]–[50]. Thus, the research in this study selected a speed within that range, which is nearly 6.0 m/s. 

The materials used in the rig’s construction were chosen based on their availability in the research lab, with a focus 
on aluminium profiles for their strength and durability. Aluminum is a lightweight yet robust material that has excellent 
mechanical properties. This makes it ideal for use in applications where high strength-to-weight ratios are essential. 
Additionally, aluminium is corrosion-resistant, non-magnetic, and has good thermal conductivity, all desirable 
characteristics for a test rig. Furthermore, aluminium profiles can be easily machined and assembled, thus making them 
a convenient and practical material choice for constructing customised test rigs.  

To simulate the impact absorption that may occur to a human in a road traffic accident, researchers in this study 
utilised an Anthropomorphic Test Device (ATD) or a crash test dummy. Another test platform made of aluminium profiles 
was placed on the ground to mount the ATD, as shown in Figure 3. The ATD used in this research was a Hybrid III head 
and neck dummy developed by Humanetics. The ATD dummy is widely acknowledged and used in many automotive 
testing and road safety applications. It is designed to be biofidelic, meaning it has size, weight, stiffness, and impact 
absorption characteristics that mimic an actual human. ATDs are generally classified by age, impact direction, size, and 
sex. The Hybrid III head and neck are composed of cast aluminium parts that weigh 6.08 kg, and the skin is made of 

5.58 m/s
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removable vinyl. The neck is made of segmented rubber and aluminium, and it can simulate rotational, flexion, and 
extension responses to impact testing.  

 
Figure 3. The hybrid III head and neck dummy 

A Shimmer 200g Inertial Measurement Unit (IMU) sensor was placed inside the Hybrid III dummy’s skull at the 
head’s centre of gravity to collect data on linear and rotational velocities during the crash impact experiment. Figure 4 
shows the sensor equipped with three accelerometers and a gyroscope. The data was transmitted directly from the 
Shimmer to a laptop through Bluetooth and recorded in real-time using ConsensysPro software version 1.6.0.  

  
(a) (b) 

Figure 4. The Shimmer 200g Inertial Measurement Unit (IMU) 

The raw data on linear velocities were uncalibrated and needed to be processed using MATLAB® 2016b software to 
produce calibrated data, which generate linear accelerations in the x, y, and z axes every 0.001 seconds. On the other hand, 
the raw data on rotational velocities could be easily converted into a .csv format and viewed on Microsoft Excel for further 
analysis using ConsensysPro. The calibrated data on the linear and rotational motion was prepared for further processing 
and viewed as a line graph in Microsoft Excel to shorten the data at the area of impact for easier management. 

The gyroscope in the sensor was able to measure rotational velocities in the three axes of x, y, and z. The rotational 
motion data in all three axes underwent numerical differentiation once to obtain rotational velocities. Still, this data needed 
to be filtered using a fourth-order Butterworth filter with a cut-off frequency of 167 Hz to eliminate error accumulation. 
This process could be achieved by installing a Microsoft Excel add-in. The resulting linear acceleration was calculated 
from the data in the x, y, and z axes. In contrast, the highest value of rotational velocities in the x, y, and z axes was 
determined for the rotational motion output calculation. 

2.2 Experimental Procedure 

In the crash impact experiment, three categories of motorcycle helmets were employed, as detailed in Table 1. The 
full-face, open-face, and half-coverage helmets had 3, 5, and 6 counts, respectively, and the average experimental results 
were recorded for each helmet type. The impact location was fixed at frontal impact only because head-on collisions are 
the most common type of accident for motorcycles and other vehicles in interactions involving two or more vehicles and 
motorcycles. Therefore, the helmet’s frontal location is considered the most common location for rider head injuries. 
Figure 5 illustrates the design of three different motorcycle helmet types used in the experimental procedure. Several 
helmet brands were purchased and considered for each type in the experiment. Nevertheless, conducting tests without 
disclosing the helmet’s brand name is standard practice to ensure unbiased and objective testing. The purpose of impact 
testing is to evaluate the helmet’s performance in protecting the wearer’s head from injury during an impact without any 
preconceptions or preferences based on the brand name; thus, the motorcycle helmet brand is typically not disclosed to 
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prevent any potential bias or influence on the test results. If the helmet brand were disclosed, the test results could be 
influenced by factors such as brand reputation, previous experience with the brand, or even personal biases. This helps 
maintain the integrity and credibility of the testing process and the results obtained, ultimately leading to improved helmet 
safety standards and better protection for motorcyclists. 

Table 1. Details of each motorcycle helmet 
No. Type of motorcycle helmet Count Average weight (g) Certification 
1. Full-face helmet Three helmets 1,559 Certified by SIRIM MS 1 2. Open face helmet Five helmets 1,258 
3. Half coverage helmet Six helmets 651 Non-certified 

 

  
 

(a) full-face helmet (b) open-face helmet (c) half-coverage helmet 

Figure 5. Different types of helmet design  

Both full-face and open-face helmets used in the experiment are SIRIM MS 1 certified, with the full-face helmet 
regarded as the safest motorcycle helmet due to its characteristics covering the entire head and having a hard shell-
supported chin bar near the mouth area. Meanwhile, the open-face helmet type is commonly used by motorcyclists in 
Malaysia due to its affordable price, yet it is SIRIM certified. The half-coverage helmet used in the experiment has no 
certification approval and is the lightest among the helmets. This suggests that more materials as well as accessories were 
included in both helmets, especially the full-face helmet. 

The experiment also involved testing an unhelmeted ATD as a control or baseline condition. This allows researchers 
to compare the effects of different helmets with the impact on an unprotected head. By having a reference point without 
any protection, they can determine the extent to which each type of helmet reduces the risk of injury compared to not 
wearing any helmet. The pendulum arm was released such that it impacted the forehead of ATD. Figure 6 shows 
photographs of before, upon, and after the helmet impact. A nylon cap was positioned to cover the top of the cylinder to 
prevent it from unintentionally damaging the ATD’s skin. This action was only performed once at the frontal location of 
the helmet to prevent data inconsistency due to the degradation of helmet performance. It is important to note that each 
helmet was firmly buckled to ensure the impact was secured at the helmet’s hard-shell body and not on the visor. The 
neck of the Hybrid III was not locked to the test platform to simulate the idea that the human neck may not be strengthened 
during an impact. Therefore, the Hybrid III slides after being impacted by the pendulum weight, as victims in any accident 
may not expect the incoming hit. However, this may differ for head impact experimental procedures in sports such as 
soccer heading, where players may intentionally strengthen their necks before commencing soccer heading. 

   
Figure 6. Sequence of pendulum impact when the pendulum cylinder struck the open-face helmet 

2.3 Head Injury Predictors 

In the field of traumatic brain injury research, various parameters have been identified that can be used to predict head 
injuries. These include peak linear acceleration (PLA), peak rotational acceleration (PRA), head injury criterion (HIC), 
and brain injury criterion (BrIC). In this study, we focused on evaluating the protective performance of helmets using 
these indicators. Initially, data were extracted for PLA and PRA, representing the maximum linear and rotational 
acceleration values, respectively, as calculated using Equation 1. PLA and PRA are the maximum linear and rotational 
acceleration value measured during an impact event. Linear acceleration and rotational acceleration are the rate of change 
of an object’s velocity in a straight line and an object’s rotational velocity upon impact. PLA is commonly used in helmet 
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standards to evaluate the protective performance of helmets, whereas, on the other hand, PRA is a relatively new indicator 
that is receiving increasing attention in helmet testing. 

|𝑅𝑅| = �𝑥𝑥2 + 𝑦𝑦2 + 𝑧𝑧2 (1) 

where |𝑅𝑅| is resultant acceleration, 𝑥𝑥 is acceleration in the x-direction, 𝑦𝑦 is acceleration in the y-direction, and 𝑧𝑧 is 
acceleration in the z-direction. 

The HIC in Eq. (2) is a measure of the severity of a head injury that results from an impact. It is a value calculated 
from the linear acceleration data, including the PLA. It is intended to estimate the risk of head injury based on the PLA 
and the impact duration. The impact duration used for calculating the HIC is typically within a range of 10 to 20 
milliseconds. The exact duration used for the HIC calculation can vary depending on the specific helmet standard. The 
duration of 0.015 seconds is commonly used in several helmet standards, such as the Snell Memorial Foundation and 
FMVSS218 in the USA. This duration is chosen based on the research showing that most injury-causing events occur 
within this time frame.  

𝐻𝐻𝐻𝐻𝐻𝐻 = �(𝑡𝑡2 − 𝑡𝑡1) � 1
𝑡𝑡2−𝑡𝑡1

∫ 𝑎𝑎(𝑡𝑡)𝑑𝑑𝑡𝑡𝑡𝑡2
𝑡𝑡1

�
2.5
�𝑚𝑚𝑎𝑎𝑥𝑥  (2) 

where 𝐻𝐻𝐻𝐻𝐻𝐻 represents the Head Injury Criterion, 𝑡𝑡1 is the initial time when HIC is calculated, 𝑡𝑡2 is the final time when 
HIC is calculated, and 𝑎𝑎(𝑡𝑡)𝑑𝑑𝑡𝑡 is linear acceleration. The HIC is a widely accepted standard for evaluating the protective 
performance of helmets and is used in many international helmet standards. The HIC is calculated by integrating the 
acceleration over a certain period, including the PLA. The resulting area under the curve (AUC) is then multiplied by a 
weighting factor that considers the impact’s duration, and this product is the HIC score. The HIC score is a relative 
measure of head injury risk. A higher score means a higher risk of injury and vice versa. 

In addition to linear motion, this research also focused on rotational motion and using the BrIC to predict head injuries. 
The BrIC is a measure of the severity of a brain injury that results from an impact. It is similar to the HIC in that it is 
calculated from the acceleration data. Still, instead of linear acceleration, it is based on rotational acceleration. The BrIC 
is intended to estimate the risk of brain injury based on the peak rotational acceleration and the impact duration. The BrIC 
is calculated by taking the maximum value of the rotational acceleration over three perpendicular axes (x, y, z), as shown 
in Eq. (3) [51]. The BrIC score is also a relative measure of injury risk, with a higher score indicating a higher risk of 
injury. The BrIC is a relatively new indicator receiving increasing attention in helmet testing [51]–[53]. It is not yet widely 
used in international helmet standards. However, some studies have found that the BrIC provides a more accurate measure 
of the risk of brain injury than the HIC. It has been proposed as a potential replacement or addition to HIC in future helmet 
standards. The BrIC was calculated using the formula in Eq. (3), which takes into account rotational velocity in the 
direction of the -x, -y, and -z-axis, measured in rad/s, and critical rotational velocities provided by Takhounts et al. [51]. 

𝐵𝐵𝐵𝐵𝐻𝐻𝐻𝐻 = ��
𝑚𝑚𝑎𝑎𝑥𝑥(|𝜔𝜔𝑥𝑥|)

𝜔𝜔𝑥𝑥𝑥𝑥
�
2

+ �
𝑚𝑚𝑎𝑎𝑥𝑥�|𝜔𝜔𝑦𝑦|�

𝜔𝜔𝑦𝑦𝑥𝑥
�
2

+ �
𝑚𝑚𝑎𝑎𝑥𝑥(|𝜔𝜔𝑧𝑧|)

𝜔𝜔𝑧𝑧𝑥𝑥
�
2

 (3) 

where 𝐵𝐵𝐵𝐵𝐻𝐻𝐻𝐻 represents Brain Injury Criterion, 𝜔𝜔𝑥𝑥 is the angular velocity in x-direction, 𝜔𝜔𝑥𝑥𝑥𝑥  is the critical angular velocity 
in x-direction (66.25), 𝜔𝜔𝑦𝑦 is the angular velocity in y-direction, ωyC is the critical angular velocity in y-direction (56.45), 
ωz is the angular velocity in z-direction, and ωzC is the critical angular velocity in z-direction (42.87).  

3.0 RESULTS AND DISCUSSION 
This study aims to evaluate the effectiveness of three distinct types of motorcycle helmets in protecting the head from 

injury. It is worth noting that the current international standard certification for helmets only requires manufacturers to 
meet criteria for head injury predictors at linear acceleration. The results of this controlled environment experiment 
indicate that both full-face and open-face helmets exhibit superior protection in terms of peak linear acceleration (PLA), 
as depicted in Figure 7(a). Furthermore, our findings align with those other researchers who have found no significant 
difference in head injury severity between full-face and open-face helmets, provided they are appropriately worn [29], 
[30], [32]. However, it should be noted that a case study conducted by Tsai, Sung, Erhardt, and colleagues concluded that 
full-face helmets are the best option for reducing the risk of head injury based on data collected in Taiwan, Korea, and 
California [26]–[28]. Nevertheless, this study is observational, whereas ours provides mechanical data. It is worth noting 
that the open-face and full-face helmets have lower HIC than half coverage and unhelmeted impact. Both half coverage 
and unhelmeted impact have similar HIC averages. Overall, the risk of head injury due to linear motion is lower if certified 
open-face and full-face helmets are used. The risk could be further reduced by incorporating additional padding within 
the helmet.  
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(a) 

 

 
(b) 

Figure 7. Boxplot display of (a) peak linear acceleration (b) head injury criterion 

The study then explores further the evaluation of PRA and BrIC scores. Figure 8(a) presented both open-face and full-
face helmets, again suggesting giving the best protection towards rotational motion, PRA injury predictor. Interestingly, 
Figure 8(b) illustrates that all helmet types and unhelmeted impacts have quite a similar BrIC average. This is true, 
indicating all helmet type used in the experiment was not featured with technology to overcome rotational injury. It is 
essential to note that the full-face, open-face, and half-coverage helmets used in this study are conventional helmets that 
are commonly available in the market. They are manufactured to meet the current certification standards, focusing only 
on linear motion impact. However, rotational motion is different as the head can be rotated, for example, at 25 rad/s, even 
while wearing a conventional helmet. Therefore, the risk of injury due to rotational motion may still occur even with 
additional padding. Previous research has agreed that the friction coefficient significantly influences rotational 
acceleration [54], [55].  

 
(a) 
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(b) 

Figure 8. Boxplot display of (a) peak rotational acceleration (b) brain injury criterion 

Recently, Multi-directional Impact Protection System (MIPS) technology was developed with the principle of a low-
friction layer between the helmet shell and the head [56]. Yu and colleagues have taken the initiative to compare the 
protective performance of rotational motion among three popular technologies compared to the conventional full-face 
helmet. The technologies considered in their research are MIPS (low-friction layer), Flex (three-layer impact liner) and 
Omni-Directional Suspension (ODS). Based on their findings, MIPS was capable of providing a lower BrIC score 
compared to the conventional full-face helmet. At the same time, both Flex and ODS did not have a significant difference 
compared to the conventional helmet [57]. 

The analysis was further compared against the helmet weight. It is known that each helmet type has a significantly 
different weight. This is due to various factors, including their design, materials used, and the level of protection they 
provide. For example, a half-coverage helmet typically covers only a portion of the head, while a full-face helmet provides 
complete coverage. A full-face helmet’s additional components, such as a face shield or chin bar, can contribute to its 
higher weight than a half-coverage helmet. These helmets can include a combination of polycarbonate, fibreglass, carbon 
fibre, or other composite materials to provide impact protection. The type and amount of these materials used in the 
helmet’s shell and inner padding also can influence its weight. For instance, a helmet with more layers or thicker padding 
may have more weight due to the increased material density. In regards to the HIC and BrIC values, the presence of 
outliers for both the full-face helmet and half-coverage helmet in HIC and half-coverage helmet in BrIC indicate that 
there are extreme values that significantly differ from the rest of the data points. Therefore, it can be assumed to hold a 
different conclusion than the rest of the group.  

The indicator of injury severity in terms of rotational motion, the PRA value of half coverage helmet seems imbalanced 
in its data dispersion in which it scatters in the range of 4,882.47 to 11,032.67. It’s also worth noting that while the BrIC 
values may not show significant differences, other parameters such as PLA, HIC, and PRA do demonstrate variations 
among the different helmet types, as presented in Figure 9. In this case, the BrIC values are relatively similar across all 
three helmet types, ranging from 0.38 to 0.52. The lack of significant difference suggests that the different helmet types 
do not substantially impact reducing the risk of brain injury. It could be due to factors such as the helmets’ design 
similarities, which do not consider rotational motion in the conventional helmet. 
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Figure 9. Tabulation of head injury predictors (a) peak linear acceleration (b) head injury criterion (c) peak rotational 
acceleration (d) brain injury criterion values against helmet weight 

The results of this study, depicted in Figure 10, provide a clearer understanding of the correlation between HIC and 
PLA and the correlation between BrIC and PRA. The results indicate a surprising discrepancy between linear and 
rotational impact for the full-face helmet. While the full-face helmet performs exceptionally well in terms of linear impact, 
it performs poorly in terms of rotational impact. Similarly, the non-certified half-coverage helmet appears to perform 
adequately in terms of linear impact but surprisingly performs exceptionally well in terms of rotational impact. This study 
is a preliminary investigation of the protective performance of helmets under both linear and rotational motion impact 
using a pendulum swing impact machine. Including more helmets in the experiment is recommended to confirm the 
pattern of how helmets behave upon impact. Additionally, it is suggested to vary the impact location on the helmets to 
obtain a more comprehensive understanding of their protective performance.  
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(a) 

 

 
(b) 

Figure 10. Tabulation of (a) HIC vs. PLA (b) BrIC vs. PRA 

4.0 CONCLUSIONS 
It can be concluded that there is a significant difference between both full-face and open-face helmets with the half-

coverage helmet with regards to PLA, HIC, and PRA. The helmet weight also plays a role in distinguishing the PLA 
result between the certified and non-certified helmet, but it is not so much different when comparing HIC, PRA, and 
BrIC. This study represents a pioneering effort in Malaysia to gather mechanical data comparing the protective 
performance of three distinct helmet types under both linear and rotational impact. Furthermore, it serves as a benchmark 
for evaluating the performance of helmets commonly sold in the country. These findings may align with or contradict 
previous research that relied on observational data such as police reports or hospital admission records of individuals 
involved in traffic accidents in Malaysia. The results of this study can be used to improve the safety standards of helmets 
in the country by providing a more accurate understanding of their performance in protecting against head injuries. 

5.0 ACKNOWLEDGEMENT 
The authors would like to acknowledge ASEAN NCAP, FIA Foundation, Global NCAP, OEMs and the Society of 

Automotive Engineers Malaysia (SAE Malaysia) for funding this research under the ASEAN NCAP Holistic 
Collaborative Research (ANCHOR IV) grant UIC221509. Also, the authors are thankful to the Universiti Malaysia 
Pahang Al-Sultan Abdullah for providing the facilities to conduct the research. 

6.0 REFERENCES 
[1] World Health Organization, “Global Status Report on Road Safety 2018,” Geneva, Switzerland, 2018. 
[2] A.S. Jamaludin, A.N.S. Zainal Abidin, A. Roslan, R. Shahril, A.H. Azmi, et al., “Malaysian road traffic crash data: Where do 

we stand now,” Journal of Modern Manufacturing Systems and Technology, vol. 5, no. 2, pp. 88–94, 2021. 
[3] R. S. Radin Umar, “Model kematian jalan raya di Malaysia: Unjuran tahun 2000,” Pertanika Journal of Science & Technology, 

vol. 108, no. 62, pp. 107–119, 1998. 
[4] R. Sarani, S. A. Syed Mohamed Rahim, J. Mohd Marjan, and S. V. Wong, ‘Predicting Malaysian road fatalities for year 2020’, 

Malaysian Institute of Road Safety Research, Kuala Lumpur, Research report, MRR 06/2012, 2012. 
[5] Yusria Darma, “A time series analysis of road traffic fatalities in Malaysia,” Ph.D thesis, University of Malaya, 2017. 
[6] M.N.A. Shapiee, M.A.R. Ibrahim, MA Mohd Razman, M.A. Abdullah, R.M. Musa, et al., “The classification of skateboarding 

trick manoeuvres through the integration of image processing techniques and machine learning,” In Proceedings of the 5th 
International Conference on Electrical, Control & Computer Engineering, 2020, vol. 632. 

0

50

100

150

200

0 500 1000 1500 2000 2500
H

ea
d 

in
ju

ry
 c

rit
er

io
n

Peak linear acceleration
Unhelmeted Half coverage Open face Full face

0.3

0.35

0.4

0.45

0.5

0.55

0 2000 4000 6000 8000 10000 12000

B
ra

in
 in

ju
ry

 c
rit

er
io

n

Peak rotational acceleration
Unhelmeted Half coverage Open face Full face



Radzuan et al. │ International Journal of Automotive and Mechanical Engineering │ Vol. 20, Issue 3 (2023) 

ijame.ump.edu.my  10796 

[7] M. R. Vinutha and J. Chandrika, “Prediction of liver disease using regression tree,” International Journal of Online and 
Biomedical Engineering, vol. 17, no. 2, pp. 164–172, 2021. 

[8] W. Deng, Z. Huang, J. Zhang, and J. Xu, “A data mining-based system for transaction fraud detection,” In 2021 IEEE 
International Conference on Consumer Electronics and Computer Engineering, ICCECE 2021, 2021, pp. 542–545. 

[9] I. El Guabassi, Z. Bousalem, R. Marah, and A. Qazdar, “A recommender system for predicting students’ admission to a graduate 
program using machine learning algorithms,” International Journal of Online and Biomedical Engineering, vol. 17, no. 2, pp. 
135–147, 2021. 

[10] Z. Taha, R. M. Musa, A. P.P. Abdul Majeed, M. M. Alim, and M. R. Abdullah, “The identification of high potential archers 
based on fitness and motor ability variables: A support vector machine approach,” Human Movement Science, vol. 57, no. April 
2017, pp. 184–193, 2018. 

[11] N. Q. Radzuan, M. H. A. Hassan, A. P. P. Abdul Majeed, R. M. Musa, M. A. Mohd Razman, and K. A. Abu Kassim, “Predicting 
serious injuries due to road traffic accidents in Malaysia by means of artificial neural network,” in Lecture Notes in Mechanical 
Engineering, vol. 1, pp. 75–80, 2020. 

[12] N. Q. Radzuan, M. H. A. Hassan, R. M. Musa, A. P. P. Abdul Majeed, M. A. Mohd Razman, and K. A. Abu Kassim, “A 
support vector machine approach in predicting road traffic mortality in Malaysia,” Journal of the Society of Automotive 
Engineers Malaysia, vol. 4, no. 2, pp. 135–144, 2020. 

[13] N. Q. Radzuan, M.H.A. Hassan, A.P.P.A. Majeed, K.A.A. Kassim, R.M. Musa, et al., “Forecasting road deaths in Malaysia 
using support vector machine,” in Lecture Notes in Electrical Engineering, vol. 632, pp. 261–267, 2020. 

[14] M. M. Abdul Manan, T. Jonsson, and A. Várhelyi, “Development of a safety performance function for motorcycle accident 
fatalities on Malaysian primary roads,” Safety Science, vol. 60, pp. 13–20, 2013. 

[15] Z. Sultan, N. I. Ngadiman, F. D. A. Kadir, N. F. Roslan, and M. Moeinaddini, “Factor analysis of motorcycle crashes in 
Malaysia,” Planning Malaysia, vol. 4, no. Special Issue 4, pp. 135–146, 2016. 

[16] H. Tan Chor Lip, J. H. Tan, Y. Mohamad, A. C. Ariffin, R. Imran, and T. N. A. Tuan Mat, “Clinical characteristics of 1653 
injured motorcyclists and factors that predict mortality from motorcycle crashes in Malaysia,” Chinese Journal of 
Traumatology - English Edition, vol. 22, no. 2, pp. 69–74, 2019. 

[17] Jabatan Keselamatan Jalan Raya, “Buku Statistik Keselamatan Jalan Raya 2019,” Putrajaya, 2020. 
[18] L. P. Wong, “Socio-demographic and behavioural characteristics of illegal motorcycle street racers in Malaysia,” BMC Public 

Health, vol. 11, no. 446, pp.1-8, 2011. 
[19] A. S. Nurullah, P. R. Makol-Abdul, and S. Abdul Rahman, “Gender and motivations for street racing in Malaysia,” Journal of 

Sociological Research, vol. 3, no. 1, pp. 67–79, 2012. 
[20] N. Amit, R. Ismail, N. Ibrahim, Z. Said, and S. E. Ghazali, “Sensation seeking and self-esteem differences among illegal street 

racers in Malaysia,” Mediterranean Journal of Social Sciences, vol. 7, no. 1, pp. 96–102, 2016. 
[21] R. Ismail and N. Ibrahim, “Faktor-faktor mempengaruhi keterlibatan remaja dalam perlumbaan motorsikal haram dan 

hubungannya dengan jenis personaliti, sokongan sosial dan coping skill,” Institut Penyelidikan Pembangunan Belia Malaysia 
Kementerian Belia Dan Sukan, Putrajaya, Laporan akhir penyelidikan, 2007. 

[22] T. H. Law and R. U. Radin Sohadi, “The effect of economic crisis and targeted motorcycle safety program on traffic deaths in 
Malaysia,” Journal - The Institution of Engineers, Malaysia, vol. 65, no. 3/4, pp. 28–32, 2004. 

[23] J. Oxley, S. O”Hern, and A. Jamaludin, “An observational study of restraint and helmet wearing behaviour in Malaysia,” 
Transportation Research Part F: Traffic Psychology and Behaviour, vol. 56, pp. 176–184, 2018. 

[24] S. F. Jamaluddin, M. Abd Wahab, M. Y. Abdul Wahab, T. M. Yeoh, and I. Mohd Saiboon, National trauma database, Sungai 
Buloh, Selangor: Selangor: National Trauma Database (NrTD), 2011. 

[25] A. Arulsamy and M. F. Shaikh, “Current status of traumatic brain injury research in Malaysia: A systematic review,” 
Neuroscience Research Notes, vol. 3, no. 4, pp. 1–21, 2020. 

[26] Y.-J. Tsai, J.-D. Wang, and W.-F. Huang, “Case-control study of the effectiveness of different types of helmets for the 
prevention of head injuries among motorcycle riders in Taipei, Taiwan,” American Journal of Epidemiology, vol. 142, no. 9, 
pp. 974–981, 1995. 

[27] K. M. Sung, J. Noble, S-C. Kim, H-J. Jeon, J-Y. Kim et al., “The preventive effect of head injury by helmet type in motorcycle 
crashes: A rural Korean single-center observational study,” BioMed Research International, vol. 2016, p. 1849134, 2016. 

[28] T. Erhardt, T. Rice, L. Troszak, and M. Zhu, “Motorcycle helmet type and the risk of head injury and neck injury during 
motorcycle collisions in California,” Accident Analysis and Prevention, vol. 86, pp. 23–28, 2016. 

[29] M. Hitosugi, A. Shigeta, A. Takatsu, T. Yokoyama, and S. Tokudome, “Analysis of fatal injuries to motorcyclists by helmet 
type,” American Journal of Forensic Medicine and Pathology, vol. 25, no. 2, pp. 125–128, 2004. 

[30] W. Y. Yu, C. Y. Chen, W. T. Chiu, and M. R. Lin, “Effectiveness of different types of motorcycle helmets and effects of their 
improper use on head injuries,” International Journal of Epidemiology, vol. 40, no. 3, pp. 794–803, 2011. 

[31] R. Ramli and J. Oxley, “Motorcycle helmet fixation status is more crucial than helmet type in providing protection to the head,” 
Injury, vol. 47, no. 11, pp. 2442–2449, 2016. 

[32] R. Ramli, J. Oxley, P. Hillard, A. F. Mohd Sadullah, and R. McClure, “The effect of motorcycle helmet type, components and 
fixation status on facial injury in Klang Valley, Malaysia: A case control study,” BMC Emergency Medicine, vol. 14, no. 1, pp. 
1–11, 2014. 

[33] C. S. Olsen, A.M. Thomas, M. Singleton, A.M. Gaichas, T.J. Smith, et al., “Motorcycle helmet effectiveness in reducing head, 
face and brain injuries by state and helmet law,” Injury Epidemiology, vol. 3, no. 1, p. 8, 2016. 

[34] F. Servadei, C. Begliomini, E. Gardini, M. Giustini, F. Taggi, and J. Kraus, “Effect of Italy’s motorcycle helmet law on 
traumatic brain injuries,” Injury Prevention, vol. 9, pp. 257–260, 2003. 

[35] A. Hamzah, M. T. S. Helmy Syamza, M. A. Ahmad, A. H. Ariffin, M. S. Solah, and N. F. Paiman, “Assessing motorcycle 
safety helmet standards compliance,” Journal of the Society of Automotive Engineers Malaysia, vol. 3, no. 4, pp. 48–56, 2021. 

[36] L. Zhang, K. H. Yang, A. I. King, and D. C. Viano, “A new biomechanical predictor for mild traumatic brain injury - A 
preliminary finding,” In Summer Bioengineering Conference, 2003, pp. 137–138. 

[37] F. Servadei, C. Begliomini, E. Gardini, M. Giustini, F. Taggi, and J. Kraus, “Effect of Italy’s motorcycle helmet law on 
traumatic brain injuries,” Injury Prevention, vol. 9, no. 3, pp. 257–260, 2003. 



Radzuan et al. │ International Journal of Automotive and Mechanical Engineering │ Vol. 20, Issue 3 (2023) 

ijame.ump.edu.my  10797 

[38] M. D. Singleton, “Differential protective effects of motorcycle helmets against head injury,” Traffic Injury Prevention, vol. 18, 
no. 4, pp. 387–392, 2017. 

[39] A. Mallory, S. Duffy, and H. Rhule, “Head injuries to helmeted and unhelmeted motorcyclists in US Trauma Data,” In 
International Research Council on Biomechanics of Injury Conference, p. 443, 2013. 

[40] Z. Xiao, L. Wang, F. Mo, X. Lv, and C. Yang, “Influences of impact scenarios and vehicle front-end design on head injury risk 
of motorcyclist,” Accident Analysis and Prevention, vol. 145, no. 105697, pp. 1–11, 2020. 

[41] S. Kulanthayan, L. G. See, Y. Kaviyarasu, and M. Z. Nor Afiah, “Prevalence and determinants of non-standard motorcycle 
safety helmets amongst food delivery workers in Selangor and Kuala Lumpur,” Injury, vol. 43, no. 5, pp. 653–659, 2012. 

[42] K. Yellappan, K. K. C. Mani, and S. B. Shamsul, “How safe are standard certified motorcycle safety helmets? Malaysian postal 
delivery rider’s scenario,” Traffic Injury Prevention, vol. 20, no. 6, pp. 624–629, 2019. 

[43] B. Thorne, “Pendulum based impact testing of athletic helmets using the NOCSAE headform,” Ph.D thesis, University of 
Nevada, USA, 2016. 

[44] S. Meng, “Towards improved motorcycle helmet test methods for head impact protection: Using experimental and numerical 
methods,” Ph.D thesis, KTH Royal Institute of Technology, Sweeden, 2019. 

[45] J. R. Engsberg, J. W. Standeven, T. L. Shurtleff, J. M. Tricamo, and W. M. Landau, “Spinal cord and brain injury protection: 
Testing concept for a protective device,” Spinal Cord, vol. 47, no. 8, pp. 634–639, 2009. 

[46] A. L. DeMarco, D. D. Chimich, J. C. Gardiner, R. W. Nightingale, and G. P. Siegmund, “The impact response of motorcycle 
helmets at different impact severities,” Accident Analysis and Prevention, vol. 42, no. 6, pp. 1778–1784, 2010. 

[47] T. Whyte, T. Gibson, D. Eager, and B. Milthorpe, “Full-face motorcycle helmet protection from facial impacts: An 
investigation using THOR dummy impacts and SIMon finite element head model,” Injury Prevention, vol. 23, no. 3, pp. 205–
210, 2017. 

[48] I. Ebrahimi, F. Golnaraghi, and G. G. Wang, “Factors influencing the oblique impact test of motorcycle helmets,” Traffic Injury 
Prevention, vol. 16, no. 4, pp. 404–408, 2015. 

[49] J. D. Lloyd, “Biomechanical evaluation of motorcycle helmets: Protection against head and brain injuries,” Journal of Forensic 
Biomechanics, vol. 08, no. 03, pp. 1-9, 2017. 

[50] H. J. Mertz, “Anthropomorphic test devices,” in Accidental Injury, 2nd ed., A. M. Nahum and J. W. Melvin, Eds., New York: 
Springer New York, NY, 2002, pp. 72–88. 

[51] E. G. Takhounts, M. J. Craig, K. Moorhouse, J. McFadden, and V. Hasija, “Development of Brain Injury Criteria (BrIC),” 
Stapp Car Crash Journal, vol. 57, no. November, pp. 243–266, 2013. 

[52] L. F. Gabler, “Development of improved metrics for predicting brain strain in diverse impacts,” Ph.D thesis, University of 
Virginia, USA, 2017. 

[53] M. Craig, D. Parent, E. Lee, R. Rudd, and E. Takhounts, “Injury criteria for the THOR 50th Male ATD,” Washington DC, 
2020. 

[54] M. Aare, “Prevention of head injuries- focusing specifically on oblique impacts,” Ph.D thesis, Royal Institute of Technology 
(KTH), Sweeden, 2003. 

[55] J. D. Finan, R. W. Nightingale, and B. S. Myers, “The influence of reduced friction on head injury metrics in helmeted head 
impacts,” Traffic Injury Prevention, vol. 9, no. 5, pp. 483–488, 2008. 

[56] P. Halldin, A. Gilchrist, and N. J. Mills, “A new oblique impact test for motorcycle helmets,” International Journal of 
Crashworthiness, vol. 6, no. 1, pp. 53–64, 2001. 

[57] X. Yu, I. Logan, I. de Pedro Sarasola, A. Dasaratha, and M. Ghajari, “The protective performance of modern motorcycle 
helmets under oblique impacts,” Annals of Biomedical Engineering, vol. 50, no. 11, pp. 1674–1688, 2022. 

 
 
 

 


	1.0 Introduction
	1.1 Motorcycle Road Death in Malaysia
	1.2 Traumatic Brain Injury
	1.3 International Certification of Motorcycle Helmet

	2.0 METHODOLOGY
	2.1 Experiment Equipment and Devices
	2.2 Experimental Procedure
	2.3 Head Injury Predictors

	3.0 Results and discussion
	4.0 ConclusionS
	5.0 Acknowledgement
	6.0 References

