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INTRODUCTION 
Ten per cent of soccer related cases of mild traumatic brain 
injury (a.k.a. concussion) are caused by impacts between 
the player’s head and a natural playing surface (i.e. grass) 
[1].  This rate doubles when playing on synthetic surfaces 
[2, 3].  Subsequently, the issue of head impact injury risk 
on synthetic turf is important, especially when considering 
their increasing popularity Worldwide. 
 
Synthetic turfs provide amateur athletes consistent playing 
conditions by way of their resilience to high use and/or 
extreme climatic conditions.  There is also however, an 
increasing use of synthetic surfaces in professional sport, 
subject to their accreditation by the relevant sporting 
governing bodies.  Whilst each governing body currently 
has its independent requirements, the Fédération 
Internationale de Football Association (FIFA) and the 
International Rugby Board (IRB) are proposing to develop 
a unified surface assessment criterion.  It is proposed that 
the performance of the surface, with respect to head 
impact, will be defined by IRB Regulation 22 [4], which 
states that a surface must not exceed a prescribed head 
impact acceleration-time injury threshold, expressed as a 
head injury criterion (HIC) threshold score of 1000, when 
impacted from a height = 1m.  HIC1000 corresponds to a 
16% risk of sustaining life threatening brain injury.   
 
This study compares the properties of 3rd generation 
synthetic surfaces with a natural professional soccer 
surface, to determine whether soccer players will be at an 
increased risk of head injury as a consequence of adopting 
IRB Regulation 22.  
 
 
METHODS  
Head impacts were simulated using a headform impactor 
(representing a 50th percentile male pedestrian) mounted 
in a portable guidance system, to allow for repeatable, 
vertical impacts (Figure 1).  An accelerometer was located 
on the vertical axis of the headform, providing 
measurement of the translational acceleration.  The peak 
acceleration, duration of loading and impulse of each 
impact was recorded, enabling calculation of the head 
impact criterion (HIC).  
 
Six 3rd generation synthetic surfaces were investigated, to 
establish the minimum fall height required to achieve 
HIC1000.  Table 1 describes the composition of each 
surface.  The surfaces were investigated within a 
laboratory environment, to ensure consistent testing 
conditions.  Each turf was cut to 0.8m x 0.8m before being 
set-up in accordance with the manufacturer’s installation 
specifications.  The stone base was dynamically  
 

 
 

 
Figure 1: Schematic representation of equipment setup  
 
compressed, before impacts were performed from a range 
of heights to identify the HIC1000 threshold.    
 
On-site HIC impact tests were also conducted on a natural 
(i.e. grass) professional soccer surface, which represented 
a ‘gold standard’.   
 
Table 1: Synthetic surface composition 
 

 
 
RESULTS AND DISCUSSION 
The impact equipment proved to be of insufficient height 
to achieve HIC1000 when testing the natural, professional 
surface.  Extrapolating the recorded data indicates that 
HIC1000 = 3.5m.  Clearly, it is inconceivable that a soccer 
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player would ever be in a scenario to achieve such a fall 
height.  HIC1000 data from the 6 synthetic surfaces is 
displayed in Table 2. 
 
Table 2: Minimum fall height to achieve HIC1000 
 

Surface HIC 1000 

A 1.45m 

B 1.24m 

C 1.13m 

D 1.24m 

E 1.48m 

F 1.88m 
 
The data presented in Table 2 represents a series of 
conceivable heights from which head impact may occur 
during soccer.   
 
Having tested a range of synthetic turf compositions in 
‘bedded-in’ laboratory conditions, this study indicates that 
3rd generation synthetic surfaces present a significantly 
greater risk of sustaining life threatening brain injury (i.e. 
HIC1000) following head impact, than the ‘gold standard’ 
natural turf playing surface.  Such a difference in head 
injury risk is also supported by the epidemiological 
literature [2, 3].  Given the increased likelihood of players 
sustaining head injury following impact on to a synthetic 
surface, it is suggested that FIFA consider a more stringent 
threshold criterion.   
 
Additionally, consideration of both the presented data 
(Table 2) and the realistic possibility of head fall heights 
>3m in rugby union (e.g. falling unsupported from a line-
out) leads to questioning of the appropriateness of the HIC 
threshold.  Indeed, whilst all 6 synthetic surfaces represent 
a significantly increased risk of sustaining serious head 
injury when compared to a natural soccer surface, all pass 
the current IRB Regulation 22 threshold (1m) [4] and 
hence would be deemed, for the purpose of head injury 
risk prevention at least, acceptable surfaces for hosting 
professional sport.   
 

Hence, this study suggests that the suitability of applying a 
unified 1m HIC1000 threshold, for synthetic rugby 
union/soccer surfaces, should be investigated further, 
perhaps by conducting future synthetic turf assessments 
using HIC400 – which equates to a 10% chance of 
sustaining mild traumatic brain injury (i.e. concussion) – 
and thus, may represent a more appropriate assessment 
tool. 
 
 
CONCLUSIONS  
A natural, professional soccer playing surface could 
accommodate a head impact from twice the height of the 
majority of 3rd generation synthetic surfaces tested, before 
a threshold for sustaining a 16% risk of life threatening 
brain injury was reached.  Hence, based on the data 
collated within this study, concerns are raised regarding 
the sensitivity of a unified 1m threshold, and indeed the 
appropriateness of applying HIC1000 to such sports .   
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