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INTRODUCTION 

Physicians prescribe medical-grade helmets to people 
who are believed to be at a high risk for experiencing 
a brain injury. Typical patients include those with post-
operative craniectomies, cranial vault reconstructions, 
skull anomalies, seizures, self-injurious behaviour, 
and or poor balance.  With 40% of traumatic brain 
injuries occurring as the result of a fall, protecting the 
head in patients who are prone to falling or have 
compromised head integrity is extremely important 
(CDC, 2010). There is much research being done on 
different helmets for athletes involved in sports like 
football, lacrosse, and cycling, but medical grade 
helmets lack a sound evidence base for what 
materials work best and why they do.  The purpose of 
this study was to test the amount of linear 
acceleration absorbed by custom medical-grade 
helmets comprised of differing materials and compare 
the protective qualities of the various materials and 
layup combinations. 
 
METHOD 

Nine helmets of different materials were fabricated 
and tested in this study, with a no helmet group acting 
as the control. A casted urethane headform was 
attached to dual-wire guided drop tower. A triaxial 
accelerometer was planted inside the headform and 
data was collected from it at 2000Hz. Each helmet 
was placed on the headform and dropped onto a steel 
anvil from a height of 45mm.  Each helmet was tested 
10 times at 3 different drop sites (anterior, lateral, and 
posterior sides of the head), as was the control test 
without a helmet.  The data was collected in MATLAB 
and converted to peak linear accelerations. The 6 
best representative trials from each test site and each 
helmet were chosen and ANOVA and paired T-tests 
were run to analyze the data. 

 

Table 1. All plastics were 1/8” and Aliplast was ½”. 

RESULTS 

All results were grouped by plastic type.  Of the 9 
helmets, 2 were found to be statistically significant 
(p<0.05). The significant helmets were Helmet 5 
(Surlyn with medium durometer Aliplast) and Helmet 7 

(LDPE with soft durometer Aliplast).  No significant 
difference was found between helmets 5 and 7. 

 

Figure 1. Surlyn helmets 

 

Figure 2. Low Density Polyethylene helmets 

DISCUSSION 

The Abbreviated Injury Scale assigns levels of brain 
injury according to the degree of peak linear 
acceleration upon impact. The 2 statistically 
significant helmets both kept the acceleration force 
below 100g at all 3 impact locations, the level at 
which a brain injury occurs (Ziejewski, 2014). These 
materials, Surlyn with medium Aliplast and LDPE with 
soft Aliplast, are similar materials to what most off-
the-shelf helmets are made from. 

CONCLUSION 

Much research is still needed to determine the optimal 
material selection for medical-grade helmets.  This 
study begins to verify the material selection that is 
currently being used in many medical-grade 
protective helmets. 

CLINICAL APPLICATIONS 

With no real standard for choosing materials with 
which to fabricate protective helmets, this study can 
give some guidance in selecting the most protective 
materials for medical-grade helmets. 
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