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Effectiveness of the Kato Collar for Limiting Head and Neck Loading       
From Helmet-to-Helmet Impacts 

Guardian Athletics 
 

Introduction 

Limiting head and neck injuries is an important 
concern in American football.4 While football 
helmets have significantly reduced the risk of 
serious head injury, concussions remain an 
ongoing issue.6 Furthermore, helmets provide 
limited protection for neck or other whiplash-type 
injuries.11 Cervical collars originally were 
developed to lower the risk of stingers (burners), 
which are caused by excessive head and neck 
motion leading to brachial plexus injury.8,10 
Cervical collars have been found to reduce head-
neck range of motion, neck loads, and head 
acceleration under simulated helmet-to-helmet 
impacts.17 These findings suggest that cervical 
collars could assist with preventing concussion in 
addition to reducing neck injury risk.5 
Furthermore, since cervical collars are placed on 
the shoulder pads, they can respond to whiplash-
type injury mechanisms in which head and neck 
loading occurs from an initial impact to the torso.  

Despite their potential benefits, cervical collars 
have been criticized for restricting the athlete’s 
active head and neck motion, causing them 
discomfort and hindering their ability to visualize 
the field. The Kato Collar (Guardian Athletics, 
Mankato, MN) was developed to overcome this 
limitation by minimizing impact-induced passive 
head motion while permitting full active range of 
motion. Taken together, it is plausible that 
cervical collars, in particular the Kato Collar, 
could provide added protection beyond the 
helmet to mitigate the risk of stingers, 
concussion, and other head and neck injuries. 
However, research into cervical collars has been 
limited to only a handful of studies.2,8,10,17 Thus, 
the purpose of this study was to assess the ability 
of the Kato Collar to mitigate head and neck 
forces due to helmet impacts. Part I compared the 
Kato Collar to standard football equipment (no 
cervical collar), while Part II investigated the 
Kato Collar against two other commercial collars. 
It was hypothesized that the Kato Collar would 
reduce head displacement and head impact 

severity compared to no collar and that it would 
perform better than other commercial collars, 
particularly for front impacts. 

 

Methods 

Part I 

Helmet-to-helmet impacts were simulated with a 
pneumatic linear impactor. Impact speeds of 5, 6, 
and 7 m/s were selected to represent typical 
football impacts.15 A male 50th percentile Hybrid 
III head, neck, and torso was equipped with 
standard football shoulder pads and helmet. The 
Kato Collar was attached to the shoulder pads per 
manufacturer directions. The headform was 
instrumented with a three-axis accelerometer and 
three-axis angular rate sensor sampled at 20 kHz. 
The dummy was placed in an upright posture and 
fixed to a linear trolley to allow movement after 
impact. Impacts were delivered to the front, front 
boss, and side of the helmet, with and without the 
Kato Collar (Figure 1). Three trials were recorded 
for the front and front boss conditions, while one 
trial was executed for the side condition. Head 
response was evaluated by calculating peak 
resultant linear acceleration, Severity Index (SI)7, 
and head displacement after impact. Neck 
response was evaluated by estimating peak neck 
forces at the occipital condyle via inverse 
dynamics.20  

 

 
Figure 1. Front, front boss, and side head impact 
locations. The impactor setup shown was used for 
Study 1. The Kato Collar is visible in the left and 
center images. 
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Figure 2. Axes used to 
describe head and neck 
response in both studies. 
The x-axis pointed anterior, 
the y-axis pointed 
rightward, and z-axis 
pointed down. 

 

 

 
Figure 3. Pneumatic linear impactor used for testing 
in Study 2. From Jeffries et al.12 

 

Part II 

A pneumatic linear impactor was used to deliver 
helmet impacts at 3 and 5 m/s (Figure 3), 
representing low and average football impact 
speeds, respectively.15 A medium-sized 50th 
percentile NOCSAE headform and custom 
neckform12 were fitted with standard football 
shoulder pads and helmet. The headform was 
instrumented with three accelerometers and 
sampled at 20 kHz. Four collar conditions were 
tested: no collar, Kato Collar, Douglas Butterfly 
Restrictor, and Kerr Collar. Each collar was 
attached to the shoulder pads per manufacturer 
directions. The torso was positioned upright for 
each impact. Front, front boss, and side impact 
locations were tested. Three trials were 
conducted for each condition for a total of 72 
trials. The following metrics were computed: 
peak resultant linear acceleration, Head Injury 
Criterion (HIC) 14, and head displacement. 
 

RESULTS 

Results are discussed below for impact speeds of 
3, 5, and 7 m/s. All data can be found in Tables 1 
and 2 at the end of the paper. 

 

Comparison to No Collar 

For front impacts, the addition of the Kato Collar 
reduced head displacement, peak linear 
acceleration, SI, and HIC at all speeds (Figure 4). 
It also reduced anterior-posterior and resultant 
upper neck force at both tested speeds. 

For front boss impacts, the Kato Collar reduced 
head displacement at all speeds, peak linear 
acceleration at 3 and 5 m/s (Study 2), and HIC at 
5 m/s. The Kato Collar reduced axial neck force 
at 7 m/s but not other neck force parameters. 

For side impacts, the Kato collar was particularly 
effective at 7 m/s, reducing all head and neck 
response parameters. The Kato Collar also 
reduced peak linear acceleration at 3 m/s and 
head displacement at 5 m/s. 

 

 
Figure 4. Effect of the Kato Collar for front impact, 
compared to no collar. The Kato Collar reduced key 
head and neck response parameters for all tested 
speeds. 

 

Comparison to Other Collars 

For front impacts, the Kato Collar outperformed 
the other collars (Figure 5). Except for similar 
reductions by all three collars in 3 m/s peak linear 
acceleration, the Kato Collar reduced head 
displacement, peak linear acceleration, and HIC 
more than the other tested collars. 

For front boss impacts, the Kato Collar produced 
the largest reductions in head displacements. For 
peak linear acceleration and HIC, it performed 
better than the Kerr Collar but was not as 
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effective as the Douglas Butterfly Restrictor 
(Figure 6). 

For side impacts, collar performance depended 
on metric and speed. At 3 m/s, the Kerr Collar 
managed head displacement and HIC best, while 
the Kato Collar produced the largest reductions in 
peak linear acceleration. At 5 m/s, the Kato and 
Kerr collars similarly reduced head displacement, 
whereas the Butterfly Restrictor performed best 
for peak linear acceleration and HIC. 

 

 
Figure 5. Load limiting capabilities of the Kato Collar 
compared to the Kerr Collar and the Douglas 
Butterfly Restrictor for 5 m/s front impacts. The Kato 
Collar performed the best of the three devices for all 
measures. 

 

 
Figure 6. Load limiting capabilities of the Kato Collar 
compared to the Kerr Collar and the Douglas 
Butterfly Restrictor for 5 m/s front boss impacts. 
Across 3 and 5 m/s speeds, the Kato Collar performed 
best for head displacement while the Douglas Butterfly 
Restrictor performed best for peak linear acceleration 
and Head Injury Criterion. 

 

DISCUSSION 

Cervical collars were developed to limit 
excessive head extension and lateral flexion from 
football impacts. Excessive passive motion in 
these directions has been associated with 
burner/stingers18,19 and concussions.1  The Kato 
Collar limited passive head displacement across 
all tested impact speeds and locations, suggesting 
it reduces burner/stinger risk. Likewise, peak 
linear acceleration, SI, and HIC, measures 
associated with concussion risk, were reduced by 
adding the Kato Collar. This was particularly 
apparent for front impacts but also occurred 
under other impact conditions. Taken together 
these data suggest that the Kato Collar provides 
added neurological injury protection beyond the 
helmet. 

It is important that restricting head loading does 
not lead to concomitant increases in loading at 
other body segments, notably the neck. Indeed, 
this was not evident in the present study. This 
concurs with the work of Rowson et al.,17 in 
which they determined that neck load reduction 
correlated with head and neck motion restriction. 
They hypothesized that the cervical collar acted 
to transmit load to the shoulders and away from 
the neck. The Kato Collar limited head motion 
better than other collars, which suggests it also 
best reduces neck loads, although this has not 
been examined directly.  

The Kato Collar was particularly effective for 
impacts to the front of the helmet, in which it 
reduced HIC by over 30%. It outperformed all 
examined collars for these impacts. This would 
be especially relevant to linemen and other 
positions, who experience a high percentage of 
impacts to the front of the helmet  and are most at 
risk for stingers.3,9 The Kato Collar also provided 
significant load reduction for side impacts at 7 
m/s. However, it had mixed efficacy for front 
boss and low-speed side impacts, similar to the 
other collars examined. This agrees with previous 
studies of commercial neck collars, which found 
that they had limited ability to manage side 
impacts.8,10,17 As side impacts have been 
implicated in football head injuries,13 future work 
should address improvements to the Kato 
Collar’s management of these motions.  
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Several limitations of the present study should be 
noted. The study was performed on older versions 
of the Kato Collar and should be updated to 
reflect the latest model. This study did not 
examine head rotation, which has been  
implicated for concussion risk.16 Finally, this 
study did not incorporate the typical football 
tackle/block posture, in which the torso is tilted 
forward, the head is up (extension), and the 
shoulders are raised. We expect that this posture 
would reveal greater reductions in head and neck 

loads based on previous research17, but it must be 
tested directly. 

In summary, the Kato Collar reduced head and 
neck loading in response to simulated football 
helmet-to-helmet impacts. It limited head 
displacement better than other commercial 
cervical collars without producing concomitant 
increases in estimated neck forces. The Kato 
Collar is promising technology for improving 
head and neck injury protection beyond the 
helmet.

 

Table 1. Head and neck response to simulated helmet-to-helmet impacts with and without the Kato 
Collar (Part I).   

5 m/s  6 m/s  7 m/s 

Impact 
Location 

 
No 

Collar 
Kato 

Collar  No 
Collar 

Kato 
Collar  No 

Collar 
Kato 

Collar 

Front d (cm) 10.4 8.1  10.8 8.9  11.6 9.5 
 PLA (G) 59 55  82 79  114 103 
 SI 162 149  283 226  449 307 
 Fx (N) 2644 2447  3646 3531  5037 4554 
 Fy (N) 324 233  236 278  216 290 
 Fz (N) 865 1155  1158 1028  1358 1238 
 Fr (N) 2802 2717  3835 3690  5221 4729 
Front Boss d (cm) 10.9 10.3  12.3 11.7  13.2 12.1 
 PLA (G) 55 63  69 83  96 104 
 SI 139 152  239 275  415 416  

Fx (N) 1244 1417  1618 1891  1986 2048  
Fy (N) 2193 2456  2666 3207  3833 4208  
Fz (N) 557 628  869 789  1239 1094  
Fr (N) 2583 2904  3240 3807  4492 4807 

Side d (cm) 10.6 9.8  12.6 11.9  13.8 13.0 
 PLA (G) 58 61  92 91  139 128 
 SI 162 181  361 383  742 711  

Fx (N) 184 204  261 223  361 260  
Fy (N) 2578 2750  4110 4067  6255 5764  
Fz (N) 782 690  1439 1303  2043 1856  
Fr (N) 2700 2842  4362 4276  6590 6061 

d: head displacement, PLA: peak resultant linear head acceleration, SI: Severity Index, Fx: anterior neck force, Fy: lateral neck force, Fz: 
axial neck force, Fr: resultant neck force 
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Table 2. Head response to simulated helmet-to-helmet impacts with a commercial neck collar 
compared to no collar (Part II). 

   Neck Collar 
Impact 
Location 

Impact 
Speed 

 

No Kato Kerr Butterfly 

Front 3 m/s d (cm) 27.96 20.01 25.90 22.2 
  PLA (G) 79 78 77 78 
  HIC 115 73 119 116 
 5 m/s d (cm) 33.31 23.94 27.5 28.38 
  PLA (G) 184 166 179 181 
  HIC 509 334 433 345 
Front Boss 3 m/s d (cm) 25.1 22.71 27.50 23.05 
  PLA (G) 37 35 34 31 
  HIC 86 93 94 62 
 5 m/s d (cm) 31.87 29.10 33.70 29.03 
  PLA (G) 139 136 139 101 
  HIC 836 675 823 449 
Side 3 m/s d (cm) 23.66 25.96 22.99 26.21 
  PLA (G) 43 41 51 43 
  HIC 69 75 34 63 
 5 m/s d (cm) 31.57 30.54 30.54 33.23 
  PLA (G) 69 72 82 60 
  HIC 294 320 408 146 
d: head displacement, PLA: peak resultant linear head acceleration, HIC: Head Injury Criterion, Butterfly: Douglas Butterfly 
Restrictor 
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