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EXPERIMENTAL DESIGN 

SOCCER-HEADING MODEL 

SUBJECTS:  20 healthy collegiate soccer players 

  Experimental Group (N = 10) 
  (8 males, 2 females; 21 + 1.1 years old, 178 + 9 cm, 75 + 9 kg, 15 + 2 years played) 

  Control Group (N = 10) 
  (7 males, 3 females; 19 + 1.1 years old, 176 + 5 cm, 74 + 4 kg, 11 + 4 years played) 
 
  

ü  Measured head 
impacts 11 - 24 g. 

KINEMATIC MEASUREMENT 
Dynamic visual feedback walking test: 
-  Trunk orientation to vertical was represented as a moving 

cursor on a bullseye screen. 
-  Subjects were instructed to maintain the cursor within the 

center of the bullseye as long as possible while walking on 
the treadmill for 3 two-minute trials. 

-  The amount of time the cursor is maintained within the 
center circle of the bullseye is converted to a performance 
score out of a maximum of 1200 points.  

  
Vestibular-postural standing test : 
-  Galvanic Vestibular Stimulation (GVS) set at±1mA binaural-

monopolar sinusoidal galvanic stimulus at 0.36 Hz  
-  Standing on a foam pad with eyes closed while applying 

GVS at mastoid process.  
-  135 sec/ trial, 8 trials 

Sub-Concussion 
-  Defined as a head impact that does not result in 

concussion observed at clinical levels. 
-  An under-recognized phenomenon that has the capability 

to cause significant current and future detrimental 
neurological effects. 

Soccer heading 
-  Provides a safe and unique human model to study 

controlled head impacts. 

Multi-sensory Processing 
-  Previous studies has suggested that processing of multi-

sensory information, which is crucial for control of 
upright balance, may be affected with repeated mild 
head impacts. 

-  Vestibular input is thought to provide information about 
the orientation of head in space, and sets a frame of 
reference for other sensory inputs in order for the body 
to maintain stability during self-motion.  

-  Besides providing information about the external 
environment, visual information provides concurrent 
information on task performance.  

 
 

Pre 
(24 hours 
before) 

• Kinematic 
measurements 

H 0-2 
(0 - 2 hours  after) 

• Kinematic 
measurements 

H 24 
(24 hours after) 

• Kinematic 
measurements 

Soccer 
Heading 

JUGs soccer machine 

projected at 40 ° from 
horizontal at 11.2 m/s 

(25mph)  ball speed 
10 front headers   

in standing posture 

To investigate the effects of sub-
concussive impacts from soccer heading 
on walking and standing stability in a 
pre-, 0-2 hour post-, 24 hour post-
heading repeated measures design.   
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Figure	  3	  and	  4.	  Difference	  of	  first	  3	  days	  VS	  last	  3	  days	  	  mean	  variance	  below	  .7Hz	  for	  all	  subjects.	  ReducCon	  in	  low	  frequency	  movement	  is	  shown	  in	  COM	  translaCon	  in	  both	  AP	  and	  ML	  direcCon	  
during	  VFB	  training.	  Low	  frequency	  movement	  in	  trunk	  angle	  decreased	  in	  all	  condiCons. 

Figure	  1.	  Times	  series	  graph	  for	  ML	  COM	  displacement	  for	  single	  trial	  
during	  first	  and	  last	  day	  with	  orientaCon	  feedback. 

RESULTS 

Dynamic visual feedback walking test: 
Performance scores from the walking task. 
Groups Pre-Test H 0 - 2 H 24 
Experimental 1018 ± 126 1057 ± 50 1065 ± 47 
Control 1088 ± 43 1099 ± 40 1100 ± 37 
Data are presented as mean ± standard deviation of the mean 

Root mean square (RMS) of Medial-Lateral (ML) Trunk Movement 

* p < 0.05 represents significant group effect from ANCOVA with pre-test set as covariate.  
** p < 0.05 represents significant time effect from 2-tailed pair t-test. 

Table 1. Experimental and Control group scores from walking on the treadmill while maintaining the 
curser at the center of the bullseye.  

Figure 1A and 1B. Root mean square valves for medial-lateral trunk displacement and velocity while performing the feedback 
task on treadmill.  

Figure 2A and 2B. Trunk angle gain and Center or pressure gain to GVS input. Due to GVS set-up being binaural-
monopolar, AP response is expected.  
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Vestibular-postural standing test: 
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CONCLUSION 

1B 1A 

An acute bout of mild head impact did not deter relative 
performance of a walking stability task that requires 
sensory integration.  
 
 

Trunk motion variability in ML direction increased 
immediately after the soccer heading but not after 24 hours 
when performing the walking task. 
 
 

Vestibular function related to postural control was 
disrupted immediately after heading and then recovered.  
 
Mild head impacts can cause alteration within visual and 
vestibular processing, leading to increase in trunk sway 
variability while walking.  
 
 

 
 
 


