
PEER REVIEW HISTORY 

BMJ Open publishes all reviews undertaken for accepted manuscripts. Reviewers are asked to 

complete a checklist review form (see an example) and are provided with free text boxes to elaborate 

on their assessment. These free text comments are reproduced below.   

This paper was submitted to the BJSM  but declined for publication following peer review. The authors 

addressed the reviewers’ comments and submitted the revised paper to BMJ Open where it was re-

reviewed and accepted. 
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TITLE (PROVISIONAL) The Biomechanics of Concussion in Unhelmeted Football Players in 

Australia: a Case-Control study. 

AUTHORS McIntosh, Andrew; Patton, Declan; Frechede, Bertrand; Pierré, Paul-
André; Ferry, Edouard; Oberst, Tobias 

 

VERSION 1 - REVIEW 

REVIEWER The reviewer wished to be anonymous. 

REVIEW RETURNED 22-Jan-2013 

 

GENERAL COMMENTS The authors have conducted an interesting investigation on impact 
biomechanics in athletes not wearing protective equipment. These 
data support the findings of previously published investigations and 
add weight to a growing body of literature indicating that concussive 
injuries may be more likely to occur because of angular acceleration.  
 
That being said, there are some additional steps that could be 
implemented to improve the strength of this investigation. 1) I would 
suggest implementing a stepwise regression model to identify those 
variables that add significant predictive value in relation to the 
others. 2) There should be more discussion on the roll of linear 
acceleration. While your data and that of others indicate angular 
acceleration may have a greater influence, it does not occur in 
absence of linear acceleration.  
 
Specific Comments  
ABSTRACT  
P2, L14 and throughout: While "no-injury" head impacts is not 
incorrect, "sub-concussive" head impacts is probably a more 
contemporary term.  
 
INTRODUCTION  
P3, L33-35: …”however these studies have identified…” This is not 
entirely true. Greenwald (2008) developed the HITsp which weighted 
the influence of linear and angular acceleration and Broglio (2010) 
used both linear and angular acceleration for concussion prediction.  
 
P4, L39: Not sure the Guskiewicz or McCaffery studies belong here, 
as are you are looking to predict injury, not outcomes.  
 
METHODS  
P6, L14: I think this places bias in the selection of non-concussive 
impacts. Meaning, the athlete may have been injured, but did not 
display outwardly visible signs. In addition, it does not appear that 

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2014-005078 on 20 M

ay 2014. D
ow

nloaded from
 

http://bmjopen.bmj.com/site/about/resources/ScholarOne_Manuscripts.pdf
http://bmjopen.bmj.com/


the investigators were working with these teams directly to identify 
those athletes reporting their injury in the following day(s).  
 
P8, L30-31: It is not clear if linear velocity and impact location were 
included in the regression.  
 
RESULTS  
P9, L9-14: Including this sentence is confusing because you state 
you are including 122 non-injury and 65 mTBI cases, but in reality 
you only look at 13 and 27. It is also redundant with your methods 
section. I suggest removing.  
 
P9, L34: No crown impacts for either (mTBI and non)? or just one 
category. Also, it would be helpful if you could include the 
percentage of impacts (mTBI and non) by region.  
 
DISCUSSION  
P11, L10: I think this should be revised to read "most strongly 
associated with..." In reality, coronal acceleration and velocity are 
tightly linked and there is very little difference between coronal 
angular velocity and linear/angular resultant acceleration.  
 
P12, L3-6: This sentence is misleading by insinuating that recording 
all impacts is a bad thing. Rather, the instrumented helmets record a 
far greater number of impacts, providing a more complete dataset 
than the methods implemented here.  
 
P12, Table3: It is not clear what Table 3 has to do with the previous 
paragraph.  
 
P14, L20-22: I would suggest expanding on the techniques issue a 
bit as I am not aware of any technique that does anything other than 
avoid/minimize head impacts. 

 

- The manuscript received three reviews at the BJSM but the other referees have declined to 

make their reviews public. 

VERSION 1 – AUTHOR RESPONSE 

Reviewer 1 
Comments to the Author: 
The authors have completed an interesting investigation on impact/concussion biomechanics that 
evaluated the acceleration vectors in addition to the resultant values. This is a novel approach that will 
add to the literature. Some comment should be addressed: 
 
> Thank you. We agree that the results are valuable because they reinforce the growing body 
of literature in this field. Importantly, because the results are not from American Football and 
no helmets were worn, the similarity of the results as they relate to concussion tolerance 
provides some confidence that North American research is not biased because of the context. 
 
Abstract: 
 
Please indicate the number of concussed and non-concussed impacts that were evaluated. 
> The number of no-injury and concussion cases has been identified in the Abstract. 
 
Introduction: 
 
P3L14: Reference 4 should be updated to the most recent Concussion Consensus Statement (2013) 
> Reference updated. 
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L21-23: this sentence seems incomplete. Perhaps "...complex range of signs and symptoms 
associated with the injury." 
> Sentence has been revised for completeness. 
 
L52: Some additional text expanding on the Holbourn hypothesis would be useful, since much of the 
readership will not be familiar with it. 
> Sentence has been revised to include an outline of the Holbourn hypothesis. 
 
P4L11-15: “HIC is a standard…” This sentence is not clear. I would suggest splitting it into 2 separate 
sentences. 
> Sentence was found to be unnecessary and has been removed. 
L32-34: Not sure this sentence is relevant since the HIC of 700 is in reference to severe TBI (eg 
subdural bleeds). 
> Agreed. Sentence has been removed. 
 
L49: It should be noted that the Guskiewicz study (reference 16) was estimating cranial COM motion 
and not cerebral motion, which can be somewhat independent of the skull. 
> Sentence has been revised. 
 
P5L6-11: I would suggest moving this sentence to earlier in the paragraph to help with flow. 
 
> Paragraph has been re-ordered for clarity. 
 
METHODS 
P6L43: A 90% error rate for video quality and content seems high. The analysis of additional video 
should be considered. 
 
> As described in the methods and results, and now further clarified with a new flowchart, it 
was possible to determine using qualitative methods the location of head impact and the 
impacting object in 100% of the 122 cases. However, when we attempted to reconstruct those 
cases it was only possible to do this with confidence in 10% of the cases. The 90% was the 
exclusion rate due to the various reasons stated, e.g. parallax error. The sentence has been 
revised to clarify the selection process. The authors are unable to undertake any further 
analyses and are now working on a new data set from contemporary games where there is 
better clinical and radiological data.  
 
P7L39: Where your data/impacts are coming from are not clear. Above you state only 13 were used, 
but now you will include all 122. Please clarify and be consistent. Perhaps outline your selection 
criteria and data pool in the methods and then indicate that 13 non-concussive and 27 concussive 
impacts were used in the results section. 
 
> We feel that this has been presented in the first paragraph of the results in detail and the 
methods were explained clearly. The methods have been revised slightly to clarify any related 
issues and a new flowchart has been added that should prevent any confusion about the 
source of the data, the stages of analyses and any sampling bias. 
 
P8L13: is there justification for not evaluating linear velocity? 
 
> Linear velocity is not used as a head injury criterion.; however, change in velocity of the 
head can be a useful parameter for establishing impact tests for helmets.P8L33-35: what is the 
rationale for not including linear velocity and impact location in the regression analysis? The 
Greenwald paper (Neurosurgery 2008) and Broglio (Med Sci 2010) both indicate impact location plays 
a part in injury prediction. 
 
> Using the descriptive analysis, we have established that within the same cohort of players, 
same games and same rules, there is a difference in the location of head impacts that lead to 
concussion and those that occur without injury. The rationale for not including these variables 
in the analysis of the head impact reconstruction modeling outputs is: linear velocity is not a 
recognised or used head injury criterion; and, the data set is too small to be sensitive to 
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descriptive factors such as impact location. The analysis of component accelerations, e.g. 
angular acceleration in the coronal plane, provides an indication of impact location as there is 
a relationship between impact location and the head acceleration components. 
 
P9L43-46: Please clarify that there were no significant differences in impact location for objects 
striking the head. Also, it may be useful to the reader to provide the % of impacts by location. 
 
> There were significant differences for head impact location, between concussion and no-
injury cases, which have been reported in the results. The percentage of impacts by location 
has been reported. In order to reduce the length of the paper, some of these details were 
omitted in the original manuscript. The details are repeated in the new flow chart. 
 
All results: It would be useful to report the mean and standard deviation values in the text (even 
though they are available in the Figures) 
 
> The mean and standard deviation values have been included in the results and discussion. 
 
DISCUSSION 
I think the readership would benefit from some discussion on how rotational acceleration in the 
coronal plane may influence concussion risk from an anatomical perspective. Meaning, a discussion 
of increased strain rates that are influenced by cerebral anatomy/neuronal orientation. The authors 
should also compare their findings to those of Greenwald paper (Neurosurgery 2008) and Broglio 
(Med Sci 2010) that indicated impacts to the front, top, and back were more likely to result in injury. 
Possibly in part because of the American football helmet? 
 
> The authors have attempted to present the most important issues within the word limit of the 
journal. We agree that the points raised by the reviewer are important considerations, which 
are covered in detail in a complementary paper that uses kinematic data from this study as 
inputs into finite element head model. The impact location results from the Greenwald et al. 
(2008) and Broglio et al. (2010) papers have been compared to the results from the current 
study. 
 
Patton, D. A., A. S. McIntosh, et al. (2013). "The Biomechanical Determinants of Concussion: 
Finite Element Simulations to Investigate Brain Tissue Deformations During Sporting Impacts 
to the Unprotected Head." 
P12L7-21: I think you can also make the case that athletes struck on the temporal region would not 
have seen the impact coming and likely did not brace for impact. 
 
> This suggestion has been included in the discussion. 
 
P15L23-28: Not entirely true as there should be some discussion of the 2008 Greenwald paper that 
developed the HITsp measure. 
 
> The weighted principal component score of Greenwald (2008) has been discussed. 
 
L45: “It also suggests…” This sentence is not clear.  
 
> Sentence deleted. 
 
REFERENCES:  
Reference 20 should be Broglio SP 
 
> Reference updated.  
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VERSION 2 – REVIEW 

REVIEWER Broglio, Steven 
University of Michigan, USA 

REVIEW RETURNED 28-Feb-2014 

 

GENERAL COMMENTS L31: consider revising to "...head was more vulnerable..."  
 
Methods: relative to the non-injury cases. You can only assume 
there was no injury. Your selection criteria are fine, but it is possible 
some of the impacts resulted in unreported concussions.  
 
L119: revise to "no observable signs (eg..." Signs to you can see, 
symptoms are unseen, but reported by the athlete (eg headache)  
 
L131: why only use 13 cases? why not resample from your 103 
game dataset to get close to a comparable number concussed 
cases (ie 27)?  
 
L139: is using an "unaware occupant" model appropriate? Wouldn't 
some (if not all) of your non-concussed athletes know that the 
impact is coming and brace? please clarify.  
 
L230: suggest revising to "...is more commonly associated with..."  
 
L238: agreed that neck strength hasn't been shown to 
prevent/reduce injury, but impact anticipation has been shown to 
reduce head acceleration. see Mihalik Pediatrics. 2010 

 

 

VERSION 2 – AUTHOR RESPONSE 

 

Reviewer: 1  

 

The line numbers do not appear to match the line numbers provided by reviewer 1. I think we have 

identified the intended text and addressed it.  

 

L31: consider revising to "...head was more vulnerable..."  

 

> Revised  

 

Methods: relative to the non-injury cases. You can only assume there was no injury. Your selection 

criteria are fine, but it is possible some of the impacts resulted in unreported concussions.  

 

> We assume that in the "no-injury cases", no injury occurred based on no medical reports and the 

immediate on field management of each player. It is possible, but unlikely, that a player was 

concussed and did not report the injury.  

 

L119: revise to "no observable signs (eg..." Signs to you can see, symptoms are unseen, but reported 

by the athlete (eg headache)  
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> Revised  

 

L131: why only use 13 cases? why not resample from your 103 game dataset to get close to a 

comparable number concussed cases (ie 27)?  

 

> The study was limited by resources. Having first reviewed the games to identify the no injury cases, 

only thirteen met the criteria for the reconstruction. Increasing the number of cases would have been 

beneficial, but this was not practically possible at the time due to resource limitations and the very 

labour intensive methods.  

 

L139: is using an "unaware occupant" model appropriate? Wouldn't some (if not all) of your non-

concussed athletes know that the impact is coming and brace? please clarify.  

 

> The method describes the process - "Initially, the models were positioned in the same relative 

orientation as they were just prior to impact in the game footage and a state of generic muscular 

activation was applied by adding joint restraint torques. The initial position, body segment velocities 

and joint restraint torques were adjusted to correctly match the kinematic behavior of the simulation 

with the video event." It was not possible to (i) reliably assess and (ii) moreover to quantify and model 

a state of awareness in the simulations from the videos; as stated by Mihalik et al. (2010) such 

assessment may only be based on an “overall impression”. Therefore, a generic state of muscle 

activation was modelled by adding torque restraints so that the model’s would stay upright under the 

action of gravity. We have removed the description of the "unaware occupant" because it is only the 

starting point and the methods are more explicit in describing how the model was set up around this 

topic. Please see response to comment below.  

 

L230: suggest revising to "...is more commonly associated with..."  

 

> Revised  

 

L238: agreed that neck strength hasn't been shown to prevent/reduce injury, but impact anticipation 

has been shown to reduce head acceleration. see Mihalik Pediatrics. 2010  

 

> Perhaps this is correct, but it is even more challenging to train athletes to anticipate a collision and 

action that appropriately. In other impact areas, e.g. whiplash associated disorders, the unprepared 

volunteer does not begin to activate neck muscles until after the main loading phase. Therefore, for 

neck strengthening to be effective it would need to be coupled with the ability to anticipate an impact 

and utilise the neck strength. We are not sure whether the results obtained by Mihalik et al 2010 are 

transferable to a cohort of professional football players who may have already developed the skills, 

unlike the 14 year olds in Mihalik's study.  

 

The authors reported (ESV paper Ref. 27) similar trends (i.e. peak head linear acceleration 

decreasing with neck resistance) to those reported by e.g. Mihalik et al. However, it had also been 

assessed (same Ref.) that the influence of awareness (assumed to be resulting in bracing, including 

neck muscles’ contraction, and modelled by adding torque restraints in the model’s neck joints) on the 

model’s outputs (Linear acceleration, Angular acceleration, HIP) was not significant compared to 

other extrinsic variables such as impact location and relative direction. The authors acknowledge the 

limitations of the rigid-body modelling and of the simplified approach used to model the action of the 

muscles. However, by performing a parametric study, they were able to separate the influence of 

several variables (both intrinsic and extrinsic) on the impact dynamics independently. It is not clear 

whether other experimental results such as e.g. from Mihalik et al. do account for confounding effects 

of the other variables on their statistical analysis of awareness (e.g. awareness and impact direction 
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may not be independent, as a player would expectedly be more aware of potential impacts incoming 

from the front and within his field of view). For these reasons, we wish to leave this unchanged. 
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