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his first edition for 2021 may come out while much of the country remains in a level 4 lockdown. Not ideal 
but as many have found, a chance to catch up on some reading and always good to have the latest edition of 
NZJSM to add to your reading list! 

 
We start the edition with an insightful look at the challenges leading up to and during the Tokyo Olympics. This is 
hot-off-the-press from MIQ with my thanks to Bruce Hamilton for agreeing to contribute so soon after what was 
obviously a very challenging, yet rewarding, and ultimately very successful Olympic Games for the New Zealand 
team.  
 
We follow this with another instalment of nuggets from the ‘Best of British’ where Chris Milne looks at articles 
published in the British Journal of Sports Medicine across the second half of 2020.  
 
Next, we have a report from Sibi Walters on range of motion and strength in local club cricketers with and without 
shoulder pain. The outcomes measures used in this study are based on common clinical tests and thus should be of 
interest to a range of practitioners.  
 
Then comes a review from NetballSmart Development Officer and PhD candidate Suzanne Belcher, looking at the 
important topic of implementing injury prevention programmes. Many of you will be aware of the strong evidence 
for the efficacy of injury prevention programmes but the lack of effectiveness in real-world implementation. For 
those involved in trying to implement prevention initiatives with various sports, this review provides a nice 
summary of important factors to consider.  
 
We finish this issue with a very interesting case study of an unusual fracture dislocation in youth football which 
provides a useful review and update on management considerations. 
 
Finally, thanks to all those who have submitted manuscripts to the journal over the last six months and to the 
reviewers for their expertise during the review process. 
 
 
 

T 
In this issue ... 
CHRIS WHATMAN 
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INTRODUCTION 

s far as Olympic experiences go, 
the Tokyo Olympic Games were 
out of the box and hopefully a 

one off.   The following dialogue 
illustrates some of the unique health 
related elements of the 2021 Games but 
it is not a comprehensive discussion of all 
elements of health support in Tokyo.  
The report is written with the primary 
intention of providing some perspective 
on the scope and approach taken by the 
NZOC in preparing and operating a 
Games team in the midst of a pandemic.      
 
In late 2019 as the New Zealand team 
planning for Tokyo 2020 was beginning 
to be operationalised, the unique health 
considerations being planned for in 
Tokyo were focussed on the expected 
extreme heat and to a lesser extent the 
Japanese recovery from the devastating 
earthquake, tsunami and Fukushima 
nuclear reactor meltdown of 2011.  
However, that focus evolved in the first 
few weeks and months of 2020 as the  
SARS-CoV-2 virus showed its teeth 
globally.  By late February, COVID-19 was 
no longer an issue just for other 
countries, with New Zealand reporting its 
first case on February 28th, and the elite 
sporting world was battling to adjust to 
the emerging language and realities of 
lockdowns and travel restrictions.  On 
March 11, 2020 the World Health 

Organisation declared a COVID-19 
pandemic and it was only ten days later 
that New Zealand entered its first COVID-
19 Lockdown.   Despite rapidly growing 
COVID-19 infections and death rates 
around the world, there was a view that 
the Olympics were “too big to fail” and 
that the incentives for hosting the Games 
may outweigh the health based 
imperatives – that concern was 
ultimately misplaced and on March 24, 
2020 the IOC duly postponed the Games 
for 12 months.    
 
STAFFING THE NEW ZEALAND 
HEALTH TEAM IN TOKYO 
While the rationale for postponement 
was largely understood, it was met with 
a range of responses from athletes and 
support  teams alike – disappointment, 
frustration, anger, concern, regret, hope, 
happiness, pragmatism and uncertainty 
to illustrate a few.   The health team was 
not exempt from these responses.  At 
the time of the postponement, the NZOC 
Core Health Team (CHT) had been in 
place for over 8 months, but the majority 
of National Sporting Organisation (NSO) 
specific health team members (who 
generally had been identified and often 
were already embedded in sports), had 
not yet been formally appointed.   As it 
became clear that the Games would be  

going ahead in 2021 despite the ongoing 
pandemic,  the new reality was that 7 of 
the 12 core health team members were 
no longer available (similarly, of the 12 
reserves, 8 were unavailable).  
Subsequently, the core health team was 
‘re-jigged’ with several reserves offered 
roles, and a new round of recruitment 
for medical support was initiated. 
 
Over the last few Games, the medical 
composition of the NZOC Core Health 
Team has endeavoured to balance 
experience against the introduction of 
new practitioners, gender, and a broad 
range of skills (often mistakenly 
oversimplified as Sports Physicians 
versus General Practitioners); generally 
speaking this approach has appeared to 
work well.  However, in 2021 the medical 
elements of the Core Health Team took 
on a very different look, with the 2021 
medical team including two General 
Practitioners, a Sports Doctor, an 
Orthopaedic Surgeon, a 
Respiratory/Infectious Disease Specialist 
and a singular Sports Physician.  Only the 
latter had previously been part of a 
multi-disciplinary team delivering at an 
international multi-sport event.   For the 
CHT (particularly but not only the 
Doctors) this meant a rapid learning 
curve! 
 

 
 
 
 
 
 
 
 
 
 
 

 

A 

Tokyo 2020:  A most mystifying milieu of medicine and 
medals 
BRUCE HAMILTON 

Table One: New Zealand Core Health Team Tokyo 2020 
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UNCERTAIN BUT NOT UNPRECEDENTED:  

PREPARING FOR TOKYO 
Along with the recruitment of a new 
health team, it became clear that amidst 
the uncertainties of the pandemic, 
supporting the health and wellbeing of 
approximately 450 team members at the 
Tokyo Olympics would pose some 
unique, but not unprecedented 
challenges.    
 
Not unprecedented as in 1920, the 
Olympic Games in Belgium were held less 
than two years after the end of World 
War One and while the ‘Spanish Flu’ was 
still devastating the heavily 
immunocompromised global population- 
ultimately killing up to 50 million people.  
In 1920 (as in 2020), questions were 
asked as to the appropriateness of 
spending money on ‘games’ while there 
was such obvious need elsewhere, but 
the Games ultimately went ahead with 

reportedly little impact from the 
pandemic.    
 
As an aside, 1920 was also the first time 
the silver fern appeared at a Games after 
the New Zealand Olympic and British 
Empire Games Association (the 
NZOBEGA – the forerunner to the NZOC) 
was recognised by the IOC in 1919.  Four 
New Zealand athletes and one 
chaperone made the 9 week sea journey 
to Belgium and the 1920 Games were 
notable in that all team members made 
their respective finals (athletics, 
swimming, rowing – a standard not 
achieved since).  Furthermore, fifteen 
year old Violet Walrond became New 
Zealand’s first female Olympian and her 
father was her Chaperone and the fifth 
member of the team.   In 1920, New 
Zealand was still 44 years away from 
formally incorporating health care into 
an Olympic team! 

As preparation for the Games rolled into 
2021, it was clear that a COVID-19 
vaccine was going to be available, but it 
was unclear if the Olympic Team would 
be able to access it.  Along with many 
COVID-19 related initiatives, a cross-
organisational working group, including 
representatives from HPSNZ, Sport NZ, 
NZOC, PNZ and Government Agencies 
was key to working with the New 
Zealand Government for vaccine access, 
and on March 24 the Government 
announced that NZOC team members for 
Tokyo would be included in a category of 
“National Significance”.  This was an 
immense step forward in ensuring the 
health and safety of the team in Tokyo, 
and despite many logistical hurdles, 
ultimately 98% of the 434 team members 
were either fully or partially vaccinated.  
 
With national and international 
preparations accelerating and time  

Table Two: New Zealand NSO Health Team Tokyo 2021 
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rapidly running out, the IOC and Tokyo 
produced a series of “Playbooks” 
(released in February, April and June) 
with increasingly detailed requirements 
for mitigating the impact of COVID-19 
during the Games.   
 
A specific and logistically challenging 
requirement was for all team members 
to have two COVID-19 tests within 96 
hours of departure – and the NZOC 
instigated a further test requirement at 
14 days pre-departure (implemented for 
the specific purpose of ensuring the 
health team were aware of any possible 
positives in advance of the final travel 
window).   For New Zealand based team 
members, the NZOC utilised salivary PCR 
testing which ultimately proved an 
inciteful decision, with the convenience 
and processing times involved (in 
comparison with nasopharyngeal swabs) 
both proving beneficial.  Significant 
logistical support,  
requiring the rapid but transient 
recruitment of an additional 2-3 staff, 
was required to ensure the testing was 
completed at the right  
time (particularly the final test which had 
to be within 72 hours of starting 
travel), and that the reports were  

 
 
available, in the right format for 
Japanese authorities, to ensure all team 
shaves! The ‘Playbooks’ also dictated the  
vagaries and nuances of reusable masks, 
medical masks, P2 and N95 masks, and 
the business and bureaucracy of the  
mask industry.  Clarity on which masks, 
and how many masks the New Zealand 
team required was required urgently, 
and thus a decision was made to proceed 
with a range of single use mask options 
(including P2/N95 masks) in quantities 
that perhaps paradoxically could be both 
easily justified and simultaneously 
expectation that all team members 
would be wearing masks at all times 
(outside of training and competition).  
Thus began a rapid learning curve on the 
members got into Tokyo as planned.  
With over 200 team members travelling 
to Tokyo from outside New Zealand, this 
was no small task, but one which was 
achieved – albeit not without some close 
incomprehensible in magnitude (the 
number involved was in the range of 
70,000).  In addition to the team masks, 
team doctors travelling with the team 
were required to be specifically fitted for 
a different range of masks, such that 
they met the New Zealand Ministry of  
 

 
 
Health requirements for health care 
workers.   
 
With the uncertainty of COVID-19 
overlaying all team operations, there  
was heightened awareness of, and 
attention paid to health and safety 
requirements of international travel that 
required extensive cross-organisational 
engagement.  Incorporation of ‘Playbook’ 
expectations into the NZOC Health and 
Safety Framework and thereby into the 
New Zealand team COVID-19 protocols,  
followed by the sharing (‘socialising’) of 
those documents with the team and 
partners, was a key aspect of gaining 
support and participation from the 
broader team.  The NZOC health team 
was central to the development of the 
COVID-19 team protocols and the 
process of sharing this with the team - 
which took place over numerous on-line 
meetings with NSO’s, athletes and 
support staff over the months and weeks 
leading into the Games.   
 
To support the management of all 
COVID-19 related issues in both the lead 
up and during the Games, the NZOC 
established a COVID-19 Response Team 
(see below).  Key to the success of this 
team was the appointment of an 
individual within each NSO that would 
act as the ‘NSO COVID-19 Coordinator’, 
responsible for the sharing of 
information, maintenance of standards 
and support of logistics on the ground 
within their specific team.  Secondly, the 
recognition and appointment of technical 
/ operational support to ensure the 
appropriate and secure data 
management of vaccination, testing, 
health monitoring, entry and departure 
data was a critical in facilitating these 
requirements.   
 
Unlike any previous Games, it was the 
inter-disciplinary, cross-organisational 
preparation and communication that 
ensured our New Zealand Team arrived 
in Tokyo able to do the job on the playing 
field.    

Figure One: The NZOC COVID-19 Response Team (note that not depicted here is the 
fact that Mr Jake Wilkins, NZOC Team Services Director also played a key leadership 
role in this team) 
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TOKYO 2020: JULY 17 – AUGUST 9 2021 

Once on the ground in Tokyo, the Games 
proceeded as most Games do – clinical 
work with patients needing good advice, 
amidst spectacular sport - but with 
several unique characteristics.   
 
Firstly, the use of masks by all teams 
whenever outside of your individual 
room, combined with the need for 
physical distancing (and avoiding anyone 
outside of your own ‘bubble’) changed 
the nature of communication and 
comfort over the Games.  Effectively 
communicating while behind a mask, was 
a constant work on, and the limited 
interactions beyond the New Zealand 
team was an unusual aspect of the 
Games.       
 
A second unique element to these 
Games was the requirement to do a daily 
health check (on-line, for the IOC), and 
provide a daily saliva sample for antigen-
based COVID-19 testing.  While the 
logistics of testing and monitoring 434 
team members (plus New Zealand media 
and others) was challenging, the team 
was well prepared with medical and 
operational support to realise the 
process.  Ultimately, the New Zealand 
team delivered, analysed and reported 
on 6,555 saliva samples– accounting for 
97.3% of all possible tests for the team 
(the ‘missed’ tests were largely due to 
either forgetting to provide a sample, a 
lack of test tubes available for collection, 
or travel arrangements making it 
impossible to deliver a sample)  – and 
most importantly, the team received no 
positive COVID-19 results. 
 
A third significant change for the Tokyo 
Games to the operation and organisation 
of the New Zealand Core health team, 
was the delineation of two separate and 
distinct medical areas.  While the team 
retained a ‘Sport Health Clinic’, in which 
Physiotherapists, Massage Therapists 
and Doctors plied their trade,  a 
secondary medical area (the Infection 
Control Clinic, ICC) – for the consultation 

and treatment of anyone with potentially 
infectious symptoms, was also 
established.  This gave the team 
confidence that the ‘Sport Health Clinic’ 
was not going to potentially be 
compromised by infections at any time, 
and also allowed the appropriate space 
and systems to be developed in the ICC 
for assessing individuals who may have 
been infectious.  The latter arrangement 
also allowed for the isolation of up to 
three individuals at any given time 
without cross contamination, and this 
was required on approximately four 
occasions.  This was the first time the 
New Zealand team has separated the 
management of ‘healthy’ from 
‘unhealthy’ team members, but overall 
the approach was successful, and 
provided confidence to the broader team 
that the risk of cross contamination was 
being minimised.   
 
The Tokyo Games was also the first 
major multi-sport event in which the 
management of COVID-19 positive team 
members (either sick or well)  
and close-contacts has needed to be 
addressed.   While no New Zealand team 
members tested positive over the 
duration of the Games, approximately 
170 athletes or support team members 
from the broader Games ‘family’ tested 
positive for COVID-19 during the Games.  
Avoiding being an inadvertent close 
contact during the Games was one of the 
goals of the New Zealand mitigation 
protocols.  However, a significant area of 
concern for the New Zealand team was 
the potential for being defined as a close 
contact during international travel to the 
Games, and ultimately the New Zealand 
teams only confirmed close contact 
occurred in this manner.  While able to 
continue to train and prepare, being 
confirmed as a close contact meant that 
one member of the New Zealand team 
had to be isolated for approximately 9 
days prior to competing.  In addition to 
the significant impact on the Athletes 
preparation, a sustained period of 
isolation during the Games is a significant 

logistical exercise, requiring support from 
a range of individuals within the NZOC, 
the Health Team and the NSO.      
 
With the heavily interrupted preparation 
and the unique requirements of the 
Tokyo Games, the mental health of all 
team members was recognised early on 
in preparation as an area that would 
require an investment of resource.  
Psychologist Kylie Wilson should be 
commended for establishing an excellent 
gaggle of sport and clinical psychologists 
to support the mental wellbeing of the 
team.  The psychology team (who work  
independently but synergistically with 
the medical team) provided immense 
support to the athletes and staff in the 
often challenging environment of Tokyo.  
As attested by the tragic events that 
immediately followed the Games, mental 
health support is increasingly recognised 
as a critical component of elite athlete 
healthcare.  
 
Ultimately, the health team was central 
to supporting athletes and staff perform 
at their best during the Games.  While 
there were several injuries of varying 
impact, and a few illnesses, this was not 
a Games that was characterised by either 
a large number or the constant 
presentation of complex health related 
issues.  Only one athlete was unable to 
compete at the Games for health related 
reasons, and that related primarily to 
pre-Games issues.   When considering 
this, it is worth noting that at least 20% 
of athletes, and as least as many staff did 
not complete the pre-Games health 
evaluation – a poor reflection on the 
respect for the role of health checks.   
This is an unacceptable return rate, and 
an area that requires reconsideration.   
 
ATHLETES, COMPETITION AND 
MEDALS 
Of course, all of the above was designed 
to allow Athletes to perform at their best 
against the best in the world.  Any medal, 
or personal best performance at the 
Olympics is unbelievably challenging to  
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achieve, and by the share nature of our 
work, health teams are acutely aware of 
how easy it is not to perform well.   
These Games, with all the additional 
challenges and expectations posed of the 
team, made the performances of the 
New Zealand team all that more 
satisfying for all involved. 
The New Zealand team achieved more 
medals in Tokyo than at any previous 
Games, a stellar performance that should 
be celebrated.   Everyone involved in the 
Games will have special memories of 
moments in time, that will not be 
forgotten.  I know, I’ve got my own.  
 
RETURNING TO NEW ZEALAND 
The New Zealand team was again 
fortunate to have the support of the New 
Zealand Government in securing 
Managed Isolation and Quarantine (MIQ) 
spots for the team returning from Japan.  
This required the team to return on three 
pre-ordained charter flights, in order to 
ensure the availability of MIQ rooms.   It 
doesn’t take much to guess at the 
challenges this posed in determining who 
goes on which flights, and this was once  
 
 

 
 
again both a communication and logistics 
exercise that fortunately the health team 
was not involved in.  Recognition here 
must go to the work of the NZOC 
Operations team, but particularly to 
Chris Morrison, a recruit from HPSNZ, to 
(amongst other things) support this key 
role.   
 
I can attest to the fact that two weeks in 
MIQ is not much fun.  However, with 
New Zealand back in lock down at the 
time of writing, it is a key cog in 
maintaining a COVID-19 free New 
Zealand.  My thanks go out to the New 
Zealand Government for supporting our 
return travel so proactively.  
 
At the time of writing, no New Zealand 
team members have tested positive for 
COVID-19 in MIQ. 
 
FINAL REFLECTIONS 
The New Zealand team culture, 
exemplified by the formal welcome and 
presentation of the Pounamu to all team 
members, and the equally passionate 
welcome back to medal winners, makes  
 
 

 
 
being part of the Olympics a special 
experience.   More than that, the 
genuine enthusiasm, passion and 
enjoyment that is displayed constantly in 
the team is an amazing experience to 
have the privilege to experience.   
 
In 2021 the NZOC health team worked 
hard and played a key role in keeping the 
team safe, healthy and performing at 
their best.  For that, I would like to thank 
all the 39 members of both the core and 
NSO health teams – without any one 
individual’s contribution, the New 
Zealand team outcomes may have been 
very different.  I would like to thank the 
NZOC for giving me the opportunity to be 
part of this excellent team. 
 
Like no other Games, the 2020 Tokyo 
Olympics has shown me what can be 
achieved with the right people and the 
right motivations.  It wasn’t easy, but it 
was a hell of an experience – a most 
mystifying milieu of medicine and 
medals.     
 
Dr Bruce Hamilton 
NZOC Health Team Lead, Tokyo 2020 
HPSNZ Director of Performance Health 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   Figure Two: Members of the New Zealand Health Team, Tokyo 2020 
 



 
 

OLYMPIC REPORT - 11 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
  

Figure Three: The Olympic Rings in the Olympic Village 
 

Figure Four: NZOC Core Health Team 
 



 
 

BEST OF BRITISH 
 
 
 
 

 
his issue of Best of British 
column covered the journal 
from May to December inclusive 

in 2020.  These were some of the most 
challenging times for health practitioners 
and indeed for the world in general.  
These challenges were brought on by the 
COVID-19 pandemic.  Later in the year, 
articles began to emerge discussing the 
sports specific aspects of this condition.   
The May issue started with an article on 
diagnosis, prevention and treatment of 
common lower extremity muscle injuries 
in sport, written by Lasse Ishoi, Kristian 
Thorborg and colleagues,13 from 
Copenhagen in Denmark.  They 
evaluated various strategies for dealing 
with lower limb injuries and graded the 
evidence.  For the treatment of 
hamstring injuries, hamstring 
lengthening exercises showed the fastest 
return to play with a lower re-injury rate 
compared with conventional hamstring 
exercises.  PRP injection had no effect on 
time to return to play and reinjury risk 
after a hamstring injury compared with 
placebo or rehabilitation.   
 
Later in the same issue was a useful 
infographic outlining a roadmap to 
managing a person with musculoskeletal 
pain irrespective of body region.  
Authored by JP Caneiro and colleagues,6 
they went through five stages:  
1. Screen for serious pathology, 

biopsychosocial risk factors and 
health comorbidities 

2. Embrace patient centered 
communication 

3. Educate beyond words, using 
active learning approaches 

4. Coach towards self-management 
5. Address comorbid health factors 

As clinicians, we should endeavour to 
enact these principles in our daily clinical 
practice.   
 

Corticosteroid injections are in common 
use throughout the world.  John 
Orchard,20 senior Australian sports 
physician has written a provocative 
editorial entitled, ‘Corticosteroid 
Injections:  Glass Half Full, Half Empty or 
Full then Empty’.  He argues against use 
of cortisone injections for tennis elbow 
as the research has clearly indicated that 
although outcomes are superior in the 
short term, two to six weeks, injection is 
also inferior compared with placebo or 
conservative treatment from the three to 
twelve-month mark.  PRP injections 
could be considered if an injection is 
believed to be necessary.  He argues that 
systemic cortisone affects can benefit 
performance in the short term, but in the 
long term have catabolic effects.  In 
other words, clinicians can no longer 
assume that corticosteroid injections are 
benign.  Nevertheless, they are effective 
for a variety of conditions and the 
risk/benefit analysis has to be carried out 
for each patient and they should be 
involved in the decision making.   
 
Subacromial decompression is frequently 
performed for rotator cuff pain.  In the 
June issue Tuomas Lahdeoja and 
colleagues18 from major European 
centres performed a meta-analysis.  This 
included nine eligible trials including just 
over 1,000 patients.  Their conclusion 
was that subacromial decompression 
surgery did not offer a great deal in 
addition to standard conservative 
management including rehabilitation 
exercise plus a subacromial cortisone 
injection and activity modification.  
Nevertheless, there is probably a place 
for this surgery in selected patients for 
whom other strategies have been found 
wanting.   
 
Caffeine supplementation has been 
frequently touted to improve exercise 
performance.  Grgic and colleagues11 

from Melbourne Australia conducted an 
umbrella review of 21 published meta-
analyses and found that caffeine 
ingestion improved exercise 
performance in a broad range of exercise 
tasks.  In general, the effect of caffeine 
appeared greater for aerobic as 
compared with anaerobic exercise.   
 
Post traumatic arthritis is a relatively 
common condition.  Barbara Snoeker and 
colleagues26 looked at the risk of post 
traumatic arthritis after different types of 
knee injuries in young adults.  They 
found that the risk of future diagnosed 
arthritis increased about six-fold with the 
highest risks found after cruciate 
ligament injury, meniscal tear and intra 
articular fracture.  These results would 
accord closely with my clinical 
experience over the past forty years.   
 
How does exercise treatment compare 
with antihypertensive medication?  Naci 
and colleagues7 looked at 391 
randomised control trials and 197 of 
these evaluated exercise interventions 
whilst 194 evaluated antihypertensive 
medications.  They found in populations 
with systolic blood pressure above 
140mm/mg, exercise and tablets had 
pretty much the same effect.  A 
combination of endurance and resistance 
training was on a par with the effect of 
calcium channel blockers which in turn, 
were more effective than ACE inhibitors 
or angiotensin receptor blockers.  Yet 
another reason to encourage our 
population to be more active.   
 
Telemedicine has acquired a new 
prominence during the COVID-19 
pandemic.  Rana Hinman and 
colleagues12 from Melbourne evaluated 
telephone delivered exercise advice by 
physiotherapists with regard to knee 
osteoarthritis.  They found that this 
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advice modestly improved physical 
function but not the co-primary outcome 
of knee pain at six months.  Functional  
benefits were not sustained at twelve 
months.   
 
Managing diabetes is a complex issue.  
Nicola Keay and Richard Bracken16 
provided a good general article on 
managing Type 1 diabetes in the active 
population.  Their key points were always 
to consider the possibility of Type 1 
diabetes in athletes presenting with 
fatigue, providing adequate generic and 
sport specific education and encouraging 
support from teammates and coaches.  
The athletes should be encouraged to 
make personalised choices to optimise 
their glucose management and their 
teammates and coaches should identify 
the location of the emergency source of 
glucose during training and competition.   
 
Injury prevention is the holy grail we are 
all seeking.  Caroline Bolling and 
colleague4 provided a useful article 
where athletes, coaches and 
physiotherapists shared their 
perspectives on injury prevention in elite 
sports.  They emphasised the importance 
of teamwork and shared responsibility.  
Performance was presented as the core 
of the athlete’s daily practice, with injury 
prevention being a means to that end 
but not a goal in itself.  Keeping the lines 
of communication open was regarded as 
key.   
 
Travel fatigue and jet lag are major 
challenges for New Zealand athletes.  
When the availability of international 
competition returns, management of 
these issues will again assume significant 
importance.  Van Rensburg and 
colleagues14 from Pretoria in South Africa 
performed a systematic review.  They 
found fourteen RCT’s and eight non 
RCT’s.  No relevant travel fatigue papers 
were found.  Evidence for the successful 
management of jet lag in athletes was of 
low quality.  From my experience over 
two decades with the Chiefs’ super rugby 
team and the New Zealand 

representative rowing team, there is a 
wide spectrum of opinion amongst 
athletes and coaches as to what is best.  
Melatonin has its supporters, but I have 
found most benefit from use of short 
acting sedatives during a long flight and 
for a day or two after arrival in the 
destination if it is over six time zones 
away.  Anecdotally, compression 
garments for the lower limbs, e.g. Skins, 
can reduce lower limb muscle fatigue in 
the first few training sessions on arrival 
at the destination.  
 
Dental injuries are a common problem in 
contact sports.  Allison and Tamimi1 
provided a useful editorial explaining 
why mouth guards should be worn in 
contact sport.  Off the shelf mouth 
guards are relatively cheap, although 
they do not provide quite the same 
protection as custom made mouth 
guards.  I would strongly recommend 
their use in any players of collision sport. 
COVID-19 has changed the landscape of 
sport the world over.   
 
Robert Mann and colleagues19 explored 
the concept of athletes as community in 
the context of infection with concurrent 
sporting mega events and athlete health 
protection.  They identified the tensions 
of an athlete as a commodity versus 
athletes as a community, particularly in 
the context of the IOC’s decision to 
postpone the Tokyo Olympics for a year.  
They recommend consideration of 
athlete centered approaches as sporting 
mega events progressively get underway, 
and based on our experience in early 
2021, this looks like what has actually 
happened.   
 
There is a relative paucity of advice for 
women returning to sport postnatally.  
Donnelly and colleagues10 provided some 
useful advice with an attached 
infographic.  They emphasised that tissue 
healing following childbirth is understood 
to take four to six months.  These 
authors recommend that after having 
built up moderate physical activity over a 
minimum period of three months after 

giving birth, and in the absence of signs 
or symptoms of pelvic floor or abdominal 
wall dysfunction, more intense activity, 
such as running, can gradually resume.  
This is fine for the average person.  In my 
opinion, women who have been 
competitive athletes prior to becoming 
pregnant, can often achieve a return to 
their chosen sport in a shorter time 
frame than this, providing there are no 
other medical factors which 
contraindicate this.   
 
Aaron Baggish and Jonathan Drezner3 are 
two of the most respected voices in 
cardiac care for athletes.  They provided 
a useful editorial on resurgence of sport 
in the wake of COVID-19:  Cardiac 
Considerations in Competitive Athletes.  
They provide a variety of clinical 
scenarios.  They recommend falling back 
on the traditional medical evaluation 
model of a history and physical 
examination plus use of the 12 lead ECG 
to look out for patterns reflective of 
myocardial inflammation.  These include 
T-wave inversions and new ST segment 
changes.  In rare cases, more intensive 
investigation, e.g. echocardiography or 
cardiac MRI may need to be considered.   
 
In a similar vein, Jorstad and van den 
Aadweg15 consider the balancing act of 
when is an elite athlete who has had 
COVID-19 safe to return to play?  When 
does prudent investigation go offside 
into over-medicalised advice?  They 
reference a comprehensive article by 
Professor Matthew Wilson on 
cardiorespiratory considerations for 
return to play in elite athletes after 
COVID-19 infection.  This provides a 
practical guide for sport and exercise 
medicine physicians and includes a very 
useful table on page 1158 headed up Fig 
1.  This table provides clear cut guidance 
and the text of the article provides a  
cardiac return to play pathway plus a 
respiratory return to play pathway.  It is  
recommended for all of us who have to 
care for athletes who are recovering 
from COVID-19 infection.  Fortunately, in  
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New Zealand, there are very few of 
these.   
 
Later in the same issue was an article on 
telemedicine in the context of the 
COVID-19 pandemic.  This was 
coauthored by Paul Dijkstra and 
colleagues9 from the renowned Aspetar 
Sports Medicine Hospital in Doha, Qatar.  
They provide practical guidance on 
performing remote consultations and 
agreeing on a care plan including shared 
decision making.  In New Zealand, many 
of our larger practices including the Axis 
Sports Medicine Clinic in Auckland have 
accumulated significant expertise in this 
area.   
 
It is no surprise that the dog has been 
referred to as man’s best friend.  Ryan 
Rhodes and colleagues24 provided a 
useful article on increasing physical 
activity by four legs rather than two.  
They conducted a systematic review of 
dog facilitated physical activity 
interventions.  They looked at thirteen 
independent studies and found that 82% 
of these studies had changes favouring 
the canine facilitated intervention.  
Locally, John Molloy in Christchurch has 
championed this particular means of 
keeping our patients fit and active. 
 
Low back pain is one of the commonest 
musculoskeletal conditions we see in 
practise.  Patrick Owen and colleagues22 
provide an infographic describing what 
kinds of exercise are best for chronic low 
back pain.  They looked at 89 studies 
involving a total of 5,578 patients.  They 
found that only 7 studies had a low risk 
of bias.  They found that stretching and 
McKenzie exercise did not offer true 
control for pain or function.  In their 
analysis, stabilisation, motor control and 
Pilates had a greater effect on reducing 
pain. 
 
Issue 21 from November 2020 could well 
be called the Kiwi edition.  The editorial  
by our own Hamish Osborne and Daniel 
Exeter21 provided a summary of the 

articles appearing in the issue.  Whilst 
both Australia and New Zealand have 
adopted slightly different strategy with 
regard to controlling the COVID-19 
pandemic, each country has been pretty 
successful in achieving this.  Whilst there 
has been a lot of emphasis on the effects 
of the COVID pandemic on the Tokyo 
Olympics, the heat issue has largely been 
ignored by the media.   
 
Lee Taylor and colleague27 provide a 
useful summary and infographic on 
strategies for cooling athletes during this 
event.  They involve precooling with 
Slushies and use of cold-water immersion 
prior to and after the event with cool 
water or isotonic drinks every ten 
minutes, assuming that the sport 
regulations allow for this.   
Eating disorders and relative energy 
deficiency in sport are a huge and 
complex issue.  
  
Kimberley Wells and colleagues28 from 
the Australian Institute of Sport and 
National Eating Disorders collaboration 
provide a comprehensive position 
statement.  This describes the spectrum 
of eating behaviour and the relationship 
between low energy availability and 
disordered eating plus eating disorder.  
They include risk factors and also 
warning signs or red flags for disordered 
eating.  These include behavioural 
changes, physical changes and 
psychological changes.  Management 
needs to be multidisciplinary and it takes 
time to achieve a positive result but the 
rewards of doing so are well worth it. 
 
Issue 22 in November 2020 could well be 
called the arthroscopy issue.  The article 
by Sihvonen and colleagues25 reports on 
the Finnish degenerative meniscus lesion 
study trial with five year follow up.  They 
studied 146 adult men aged 52 years 
ranged 35 to 65 years with symptoms 
consistent with degenerative medial  
meniscus tear verified by MRI scan and 
arthroscopically with no clinical signs of 
knee OA.  They found a consistent 

slightly greater risk for progression of 
radiographic knee OA in the arthroscopic 
partial meniscectomy group as opposed 
to the placebo surgery group.   
 
The rate of partial meniscectomy has 
been declining over the past few decades 
and Clare Ardern and colleagues2 explore 
five reasons that could explain declining 
rates of common arthroscopic surgeries.  
These include media comments 
regarding the lack of evidence for 
efficacy of arthroscopy, change in GP 
referral practises and clinician led 
reversal of arthroscopy as first line 
clinical practice.  My personal practise is 
to discuss the various options with the 
patient, give them access to a summary 
of an article published in the BMJ 
recently stating the pros and cons, and 
letting the patient decide.  Certainly, if 
there is evidence of a locked knee or 
recurrent instability that seems to be due 
to an unstable flap tear of a meniscus, 
then the results from arthroscopy are 
demonstrably superior to non-operative 
treatment. 
 
The importance of self-care was well put 
in an article by Dawn Richards23 entitled, 
‘The Patient as Person:  An Update’.  She 
reported on living with an episodic 
chronic condition, in her case, 
rheumatoid arthritis and the value of 
being recognised as a person who can 
work with the health care provider or 
providers to get to a personally 
meaningful place in life.  She makes the 
point to clinicians to ‘please see me first 
as a person’ and to ask for context 
related to a person’s personal life and 
their ability to work with you.  In 
essence, this is the foundation of good 
primary care and is being increasingly 
recognised in secondary care.   
 
Not all hip related pain needs surgery.  
Joanne Kemp,17 senior physiotherapist 
from Latrobe University in Australia, and  
colleagues report on a meta-analysis of 
physiotherapist led interventions in 
improving pain and function in adults   
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with hip related pain.  There was a 
spectrum of results from the fourteen 
studies that they included for analysis. 
they emphasised that non-surgical 
treatment approaches should be the first 
line options for management and that 
hip arthroscopy surgery had a small 
positive benefit compared with 
physiotherapist led intervention at eight 
to twelve months.  However, at 24 
months, there was limited evidence 
suggesting no difference between the 
groups.  
 
The last issue of the year was entitled, 
‘The World Health Organisation 
Guidelines’ issue.  The key paper was a 
twelve-page summary of the WHO 2020 
guidelines on physical activity and 
sedentary behaviour.  This was 
coauthored by Professor Fiona Bull and 
colleagues.5  They recommended all 
adults should undertake 150 to 300 
minutes of moderate intensity or 75 to 
150 minutes of vigorous intensity 
physical activity per week.  The 
guidelines replaced those released by 
WHO in 2010 and reaffirm messages that 
some physical activity is better than none 
and that more physical activity is better 
for optimal health outcomes.  For the 
first time there are specific 
recommendations for subpopulations 
including pregnant and postpartum 
women and people living with chronic 
conditions or disability.  This article was 
open-access so you do not need to be a 
subscriber or part of an academic 
institution to gain access to it.   
 
Later in the same issue was an article 
entitled, ‘How does Occupational 
Physical Activity Influence Health?’.  Bart 
Cillekens8 reported on 23 health 
outcomes across 158 observational 
studies.  They found health benefits for 
those engaging in high occupational  
physical activity for multiple cancer 
outcomes, ischemic heart disease and  
stroke plus better mental wellbeing and 
life satisfaction.  I read this article in the 
same week as there was discussion 
about a rotary milking shed that would 

enable one person to milk 600 cows in 90 
minutes.  For a boy from the Waikato, 
one can see the writing on the wall.  
There is going to be more investment in 
automated systems and fewer 
occupations requiring hard physical work 
on farms as we go through the next 
decade or two. 
 
My pick for most valuable article of the 
second half of 2020 would be that 
relating to the World Health Organisation 
guidelines on physical activity and 
sedentary behaviour.  Having read all 
this, now is the time to get out and be 
active.   
 
That’s all for this issue folks.   
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ABSTRACT 

Background:  Structural anatomical adaptations to the stabilising soft tissues of the shoulder have been linked with long-term 
exposure to repetitive cricket bowling and throwing. Changes to the glenohumeral (GH) range of motion (ROM) and isometric muscle 
strength (IMS) have also been associated with cricketers’ shoulder pain. Hence, a comparison of the ROM and IMS was conducted 
between cricketers with and without shoulder pain.   
Methods:  During the 2018 New Zealand cricket season 26 male club-level fast bowlers (age 24.2 ± 5.7y, mass 82.3± 8.4kg, height 
1.84± 0.09m) voluntarily participated in the study. All the participants were objectively screened for the presence of shoulder pain 
and allocated into either a shoulder pain group (SPG) or a healthy shoulder group (HSG). ROM, IMS and posterior shoulder tightness 
were measured for both groups. 
Results:  During the testing, pain was elicited on the dominant bowling shoulders of nine (35%) fast bowlers; none of the participants 
reported shoulder pain on their non-dominant side. There were no significant differences in the ROM, IMS and posterior shoulder 
tightness between the groups. Bowlers with shoulder pain had non-significantly slightly lower ROM on their dominant shoulders, 
internal rotation ROM, (SCG; 76 ± 8º, HSG 79 ± 9º, P<0.44), and external rotation ROM (SCG; 81 ± 12º, HSG 86 ± 5º, P<0.25).  
Conclusion:  Although the bowlers with painful shoulders exhibited a slight trend of lower ROM on the dominant shoulders, it did not 
reach a statistical significance. This implies that although ROM and IMS assessments can help measure shoulder joint anatomical 
changes, they alone cannot identify a shoulder joint at injury risk.  
Keywords:  Shoulder injury; rotator cuff; cricket; fast bowler; injury prevention 
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INTRODUCTION 

n external rotation ROM of 90-
110º and internal rotation ROM 
of 70-80º indicates that there 

are no restrictions in the rotational 
movement of the GH joint 1. The 
available amplitude of movement 
depends on the rotator cuff strength and 
GH ligament laxity. The rotator cuff 
muscles act as the dynamic stabilisers, 
and the GH ligaments act as the static 
stabilisers 2. Long term bowling and 
throwing overload combined with low 
recovery periods may cause anatomical 
adaptions to the joints’ stabilisers and 
affect ROM 3. Pectoralis minor tightness 
is associated with internal rotation gain, 
and tightness of the posterior shoulder 
capsule may lead to a deficit in internal 
rotation.4 Anatomical adaptations 
leading to an increase in the external 
rotation ROM and decrease in the 
internal rotation ROM have been 
observed on the dominant shoulders of 
overhead throwing sports athletes 5. 
Particularly in baseball, as the pitchers 
undergo thousands of repetitive 
throwing every season, it is suggested 
that this frequent action causes 
anatomical adaptations to the GH joints’ 
stabilisers which leads internal rotation 
deficit 6. Similarly, in cricket, if an 
assessment of the shoulder ROM is 
conducted among bowlers, it may reveal 
the presence of any anatomical 
adaptations.    
    
During bowling and throwing actions, the 
shoulder undergoes abduction, 
extension, flexion, and rotational 
movements. Shoulder extension is 
elicited by posterior deltoid and 
latissimus dorsi, while shoulder flexion is 
elicited by the anterior deltoid and 
pectoralis major muscles. The rotator 
cuff muscles perform shoulder rotation 
and glenohumeral stabilisation. The 
rotator cuff is comprised of the 
supraspinatus, infraspinatus, teres minor 
and subscapularis. These muscles 
stabilise the humeral head within the 
glenoid cavity and perform rotational 

movements 7. The eccentric activity of 
the external rotators and the concentric 
activity of the internal rotators causes 
internal rotation 8 and the concentric 
activity of the external rotators and 
eccentric activity of the internal rotators 
causes external rotation 9. Between the 
external and internal rotators, it has 
been reported that the internal rotators 
are stronger than the external rotators, 
especially among baseball and softball 
pitchers. The frequency of the throwing 
action and intensity of the stimulus may 
result in stronger internal rotators 10.  
 
Cricketers mostly use their dominant arm 
for bowling and throwing; this may also 
lead to a difference in the ROM and 
muscle strength between the shoulders. 
This difference between the two 
shoulders has also been reported among 
handball and volleyball players, with 
significant internal rotation deficit 
observed on their dominant shoulders 
11,12. Internal rotation deficit has been 
associated with strength asymmetry of 
the internal and external rotators 13. 
Furthermore, stronger internal rotators 
and weaker external rotators may lead to 
superior-anterior translation of the 
humeral head 9. This translation 
encroaches the subacromial space and 
causes friction between the acromion 
process and rotator cuff tendons. 
Narrowing of the subacromial space may 
also lead to subacromial bursa 
inflammation 14. Hence, it has been 
suggested that assessment of rotational 
ROM and rotator cuff strength may help 
detect the presence of any GH joint 
adaptations.  
 
Repetitive bowling and throwing 
workload may also cause changes to the 
GH joint capsule 15. The GH joint capsule 
is a fibrous capsule, surrounding the GH 
joint, extending from the glenoid labrum 
to the humeral neck 16. The GH joint 
capsule is fused with the rotator cuff 
tendons and is reinforced by the GH 
ligaments. Bowling and throwing 

workload involves repetitive GH joint 
rotations 17. Research suggests that 
during the cocking-throwing phase the 
anterior aspect of the GH capsule is 
stretched and repetitive action over a 
long period may cause tightness to the 
posterior aspect of the joint capsule 17.  
Tightness of the posterior joint capsule 
has been observed as an adaptation due 
to repetitive pitching on the dominant 
throwing shoulders of baseball players 
and this tightness may lead to GH 
internal rotation deficit 18.  Posterior 
shoulder tightness has also been 
associated with weakness of the external 
rotators 19. Weak external rotators may 
lead to superior-anterior translation of 
the humeral head and cause a reduction 
in the subacromial space. The reduction 
in subacromial space causes 
impingement of the subacromial 
contents, which has also been reported 
among athletes with posterior shoulder 
tightness 19.  
 
Many studies have suggested assessment 
of the muscle strength of shoulder 
rotators, GH rotational ROM and 
posterior shoulder tightness as an 
essential part of assessing the presence 
of functional restrictions in an athlete's 
shoulder during pre-participation 
evaluation. These assessments also have 
been recommended to detect the 
presence of any anatomical adaptations 
occurring to the GH joints’ soft tissues 
due to repetitive throwing workload. 
Therefore, the objective of this study was 
to observe the differences in shoulder 
rotators muscle strength, GH rotational 
ROM and posterior shoulder tightness 
between fast bowlers with and without 
shoulder pain.   
 

MATERIAL AND METHODS 
Participants 

After the University of Canterbury ethics 
committee approved the study (HEC 
2017/55/LR-PS), consent to conduct the 
study was obtained from the 
management of the participating cricket 
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Table 1 
 Participant descriptive data  

                Number of participants = 26 

Age (years) 24.2 ± 5.7 

Weight (kg) 82.3 ± 8.4 

Height (m) 1.84 ± 0.09 

Dominant arm 19 Right / 7 Left 

Note. Numbers are presented as mean ± SD. 

 

Fig. 1. Consort flow diagram showing the flow of participants through each stage of 
the study. Abbreviation: IMS, Isometric muscle strength; ROM, Range of motion. 
 

Fig. 2. Assessment of shoulder external rotators 
isometric muscle strength 
 

Fig. 3. Assessment of shoulder internal 
rotators isometric muscle strength 
 

Fig. 4. Assessment of shoulder external 
rotation active range of motion 
 

Fig. 5. Assessment of shoulder internal 
rotation active range of motion 
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clubs. Participants were recruited 
through advertisements that asked for 
male cricket fast bowlers who were 
willing to participate in a shoulder 
assessment study. Participants in the 
study had to be at least 18 years of age, 
must have played senior club cricket with 
at least five years’ experience of fast 
bowling as their primary playing position. 
All volunteering participants were given 
information about the study purpose, 
and their consent was obtained. Based 
on the selection criteria, 26 male club 
cricket fast bowlers were recruited at the 
same time during the 2018-2019 playing 
season. 
 
Procedures 

The study commenced and ended at the 
same time for all participants in the 
study. All participants were given a 
shoulder injury history form and were 
asked to subjectively report the presence 
of any current shoulder pain on the form. 
All participants were then objectively 
tested for shoulder pain using Hawkins,  
Jobe's, Neer's and the Painful Arc 
diagnostic tests 20-23. During testing the 
participants subjectively indicated the 
level of pain elicited on a visual analogue 
scale. All the participants who 
complained of pain during the objective 
testing were allocated in the PSG 
regardless of the score on the visual 
analogue scale. The participants who did 
not complain of any pain were allocated 
to the HSG. Both group participants were 
actively playing cricket throughout the 
study period and were undertaking two 
days of cricket training and one match-
day every week. Both group participants 
underwent the same type, frequency and 
duration of cricket training. There was no 
blinding between the groups and the 
assessors. 
 
Testing Procedures 

All tests were measured bilaterally with 
the participants in supine decubitus on 
an elevated plinth. A Microfet 3 hand- 
held dynamometer (HHD) (Hoggan 
Scientific, LLC, Salt Lake City, UT, USA) 

with intra-tester reliability (ICC 0.56-
0.92) 24 was used to measure isometric 
muscle strength. The isometric muscle 
strength was evaluated with the 
shoulder in 30º shoulder abduction and 
90º elbow flexion 25. External rotator 
isometric muscle strength was measured 
with the HHD positioned 2cm proximally 
from the styloid process of the radius on 
the dorsal side of the forearm. The 
internal rotator isometric muscle 
strength was measured with the HHD 
positioned 2cm from the proximal wrist 
crease on the ventral side of the forearm. 
The participants were familiarised with 
isometric contractions and were 
instructed to perform internal or external 
rotation against the resisted HHD. The 
HHD was positioned in place by the 
tester, and the participants were asked 
to gradually build up force for 5 seconds 
against it (Make test). Triplicate 
measures were performed with the 
mean used for the data analysis. The IMS 
assessment technique is shown in 
Figures 2 and 3. 
 
A goniometer (EGM-422-EMI 12" Elite 
medical instruments, Fullerton, CA, USA) 
was used for measuring the GH 
rotational ROM and posterior shoulder 
tightness. Shoulder internal and external 
active ROM was measured with the 
tested side in 90º glenohumeral 
abduction and 90º elbow flexion 26. Using 
the olecranon process as the axis point 
the goniometer's moving arm was moved 
with the forearm, while the goniometer's 
fixed arm was placed perpendicular to 
the ground. A towel was folded and 
placed as a wedge between the surface 
of the scapula and plinth for stability. The 
ROM assessment technique is shown in 
Figures 4 and 5. 
 
Posterior shoulder tightness was 
measured with the shoulder at 90º 
abduction and elbow at 90º flexion 27.  
The acromioclavicular joint was used as 
the goniometer axis, the fixed arm was 
perpendicular to the plinth, and the 
moving arm was in-line with the elbow 
joint’s lateral epicondyle. Passive 

horizontal shoulder adduction was 
executed, and the goniometer reading 
was recorded. A towel was folded and 
placed as a wedge between the surface 
of the scapula and plinth for stability.  
 
Reproducibility 

The evaluator measured 11 subjects on 
two separate test sessions with seven 
days between sessions (n=11, age 24 ± 5 
y, mass 81 ± 8 kg, height 1.83± 0.11 m) 
for intra-rater reliability and the intra-
class correlation coefficient (ICC) scores 
for three trials were; ROM, ICC = 0.94 (n 
= 11, df = 10, 95% CI: 0.84-0.98); IMS, ICC 
= 0.88 (n = 11, df = 10, 95% CI: 0.71-0.96) 
and PST, ICC = 0.82 (n = 11, df = 10, 95% 
CI: 0.60-0.94). 
 
Statistical Analysis 

Two-tailed independent samples t-tests 
were used to compare differences 
between the PSG and HSG; all data were 
assessed at the P<0.05 level of statistical 
significance. Furthermore, to 
demonstrate magnitudes of effects, 
Cohen's d was used to determine the 
differences of the effect size in ROM, IMS 
and posterior shoulder tightness 
between both the groups.  Effect sizes 
were classified as trivial if d ≤ 0.2, small if 
d = 0.2 - 0.6, moderate if d = 0.6 - 1.2, 
large if d =1.2 - 2.0 and very large if d = 
2.0 - 4.0.  
 

RESULTS 

There were no significant differences in 
the ROM, IMS and posterior shoulder 
tightness between the groups. A total of 
nine (35%) participants subjectively 
reported the presence of shoulder pain 
on the injury history form and also 
complained of shoulder pain during the 
objective tests on their dominant 
bowling shoulders. PSG bowlers reported 
a moderate level of shoulder pain (46.6 ± 
15) on a visual analogue pain scale and 
reported experiencing the shoulder pain 
for an average duration of 8 ± 2 months. 
None of the participants in either group 
complained of shoulder pain on their 
non-dominant side. Bowlers in the PSG 
exhibited a slightly lower ROM (non-  
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significant) in comparison to the 
HSG bowlers. IMS of the shoulder 
rotators were similar between the 
groups. Regardless of shoulder 
pain, all the bowlers exhibited 
slightly weaker external rotators 
(non-significant) than the internal 
rotators on their dominant 
shoulders, as shown in Table 2. 
 

DISCUSSION 
Fast bowlers were specifically 
sought as participants for the 
current study because several 
injury surveillance studies have 
highlighted the shoulder injury 
prevalence among fast bowlers 28-

31. In addition to the fielding-
throwing workload, fast bowlers 
also need to frequently rotate 
their GH joint at high speeds to 
execute the bowling delivery. The 
bowling and throwing workload 
involves frequent GH joint 
abduction and rotation. The 
repetitive abduction and 
rotational movement aided and 
elicited by the rotator cuff 
muscles may cause trauma to the 
muscle fibres of musculotendinous units 
32. This trauma to the GH joints’ soft 
tissues may elicit pain in the shoulders. 
The objective of the current study was to 
find out if differences exist in the ROM, 
IMS and posterior shoulder tightness 
between fast bowlers with and without 
shoulder pain. We found small probably 
clinically relevant but statistically non-
significant differences in the ROM, IMS 
and posterior shoulder tightness 
between the bowlers in both the groups.  
   
The presence of a significant internal 
rotation ROM deficit has been observed 
on the dominant shoulders of throwing 
sports athletes who present with 
shoulder pain6, but the current study 
results show that there was only a 
slightly lower internal rotation ROM 
difference seen between the shoulders 
of the PSG bowlers. By contrast, the HSG 
bowlers exhibited slightly higher IR ROM 

on their dominant side. Although there 
was a non-significant difference in the 
internal rotation ROM, it must be noted 
that only a unilateral difference of 15-20º 
decrease in the internal rotation is 
referred to as Glenohumeral Internal 
Rotation Deficit (GIRD).18  In the current 
study, the PSG bowlers only displayed a 
mean 3º decrease in internal rotation 
ROM compared to the HSG bowlers.  
    
The PSG bowlers exhibited a mean 4º 
decrease in external rotation ROM 
compared to the HSG bowlers. 
Regardless of shoulder pain presence, all 
the bowlers displayed a slightly higher 
external rotation ROM on their dominant 
side in comparison to their non-
dominant side. We assume that this 
external rotation ROM gain may be due 
to joint adaptations caused by frequent 
cocking action while bowling and 
throwing. The 90º shoulder abduction 
and external rotation position, during the 

initiation of bowling and throwing is 
called the cocking action. The anterior 
aspect of the shoulder joint capsule is 
stretched every time forceful abduction 
and external rotation takes place. This 
repeated action has been proposed to 
cause external rotation ROM gain. The 
PSG bowlers in the current study 
continued to bowl during the season 
despite their pain, so the observed ROM 
differences might be due to adaptations 
occurring in the shoulder due to cricket. 
Nevertheless, to prove this, it is 
recommended to investigate ROM 
changes over an extended observation 
period to track if the PSG bowlers further 
decrease their internal rotation ROM. 
This may help identify if the ROM 
decrease is associated with shoulder 
pain. In addition, as these are 
progressive anatomical changes, the 
duration of fast bowling experience is a 
relevant factor.  
 

Table 2 
 Differences of range of motion, isometric muscle strength and posterior shoulder tightness     

SPG 
(n= 9 ) 

HSG 
(n= 17) 

p-value a Cohen’s d  

Range of 
motion (º) 

IR Dominant 76 ± 8 79 ± 9 0.44 0.35s 

Non-dominant 78 ± 12 76 ± 10 0.77 0.18t 
     

 

ER Dominant 81 ± 12 86 ± 5 0.25 0.55s 

Non-dominant 79 ± 14 85 ± 6 0.27 0.54s 
      

 

Isometric 
muscle 
strength 
(N.m) 

IR Dominant 42 ± 9 43 ± 8 0.87 0.12t 

Non-dominant 40 ± 4 40 ± 7 0.77 0t 
     

 

ER Dominant 38 ± 6 39 ± 6 0.47 0.17t 

Non-dominant 38 ± 7 39 ± 7 0.71 0.14t 
      

 

Posterior  
shoulder 
tightness (º) 

 
Dominant 47 ± 11 48 ± 11 0.80 0.09t 

Non-dominant 51 ± 15 53 ± 8 0.73 0.17t 

Note. Numbers are presented as mean ± SD. 
Abbreviation: PSG, Painful shoulder group; HSG, Healthy shoulder group; n, Number of participants; 
IR, Internal rotation; ER, External rotation; N.m, Newton metre; a = P<0.05 comparison between PSG 
and HSG, Cohen’s d effect sizes are trivial (t) if d ≤ 0.2, small (s) if d = 0.2 - 0.6, moderate (m) if d = 0.6 - 
1.2 and large (l) if d =1.2 - 2.0. 
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While it is known that changes to a 
joints’ ROM are caused by either muscle 
tightness or ligament laxity 33, we also 
measured the muscle strength of the 
shoulder-rotators. Cricket bowling and 
throwing requires repeated GH joint 
rotation regardless of the bowling 
delivery velocity and action 32, and this 
frequent rotation may cause changes to 
the rotator cuff muscle strength 34. The 
force elicited by the shoulders’ internal 
and external rotators positions the 
humeral head in the glenoid cavity 7. It is 
therefore crucial to maintain internal and 
external rotator muscle strength 
symmetry 35. The current study shows 
that there was no statistically significant 
difference in the shoulder rotator cuff 
muscle strength between bowlers in 
both groups. However, there was a trend 
seen with the internal rotators being 
slightly stronger than the external 
rotators for all the bowlers.  
    
The external rotator muscles, 
infraspinatus and teres minor, resist 
superior-anterior translation of the 
humerus during the internal rotation 
movement elicited by the subscapularis. 
Weaker external rotators and stronger 
internal rotators have been proposed to 
cause superior-anterior translation of 
humerus into the subacromial space 
compressing the supraspinatus tendon, 
which may manifest as chronic shoulder 
pain. The PSG bowlers with stronger 
internal rotators would have to be 
examined radiologically to detect any 
reduction in the subacromial space. 
Monitoring changes to the rotator cuff 
strength throughout the playing season 
is recommended to find out if these 
adaptations are the result of bowling and 
throwing workload. Implementation of 
exercises specifically targeting the 
external rotators is also recommended 
for fast bowlers to maintain the shoulder 
rotators’ muscle strength symmetry.  
    
This is the first study to record posterior 
shoulder tightness in cricketers. All the 
bowlers displayed a trend towards 

slightly higher posterior shoulder 
tightness on their dominant side. As the 
shoulder joint capsule is fused with the 
joints’ stabilisers, frequent throwing 
movements have been proposed to 
cause tightening of the posterior 
shoulder structures 36.  The ranges 
observed in this study are not indicative 
of any posterior shoulder capsule 
pathology. Previous studies confirming 
the presence of posterior shoulder 
tightness reported ranges of only 30-40º 
on the affected arm, and most of these 
ranges were reported amongst baseball 
pitchers with confirmed radiological 
reports 37,38.  
 
The external rotation ROM values 
observed among baseball pitchers with 
shoulder pain from previous studies are 
higher than the external rotation ROM of 
the cricket bowlers in this study 39. This 
difference may also be due to the 
techniques used to measure shoulder 
ROM 40.  In the current study, 
measurements were done in supine 
decubitus with scapular movement 
stabilisation 41. Previous studies 
observing the differences in ROM based 
on active or passive ROM measurement 
techniques have been documented 42. 
Measurement technique differences may 
partially explain differences in the 
posterior shoulder tightness values 
observed in the current study when 
compared to similar previous studies. 
Future prospective research measuring 
posterior shoulder tightness among fast 
bowlers with shoulder pain using medical 
imaging will provide a better 
understanding of the underlying GH joint 
pathology.  
 

CONCLUSION 
Regular screening of fast bowlers’ 
shoulders may detect anatomical 
changes which occur due to frequent 
bowling and throwing, and may also help 
predict shoulder injury risk. However, the 
present study shows that bowlers with 
shoulder pain show no apparent 

difference in ROM, IMS and posterior 
shoulder tightness when compared to 
bowlers with healthy shoulders, all of 
whom continue to play cricket. This 
suggests that subjective reporting of 
shoulder pain also has to be recorded so 
that the bowling and throwing workload 
of those bowlers could be reduced to aid 
in recovery. Radiographic examination is 
recommended to further examine the 
cause of shoulder pain and enable 
preventive strategies aimed at reducing 
the risk of developing chronic shoulder 
injuries.  
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ABSTRACT 

Aim: This narrative review: a) evaluates evidence regarding the implementation of sports injury prevention programmes (IPPs), 
identifying barriers and facilitators to implementation and key stakeholders and b) proposes practical guidelines to improve the 
implementation of national IPPs. 
Data sources: Databases accessed: (a) Science Direct, (b) PubMed, (c) Embase, (d) Sport Discus, and (e) Scopus. Online search 
expression used various combinations of the terms ‘‘Injury Prevention Programme/s; Success/Barriers; Perspective/s; 
Implementation”. 
Study selection: Inclusion criteria: (a) from peer-reviewed journals, (b) full text available in English, (c) study or systematic review 
discussed the implementation of sports injury prevention programmes, and/or discussed attitudes/behaviours/beliefs of those 
performing sports injury prevention programmes. 
Data extraction: The 35 studies extracted were reviewed to identify any consistent themes/key considerations that pertain to 
improving successful implementation of an IPP. These themes were then further sub-divided into associated topics. 
Findings: Themes and sub-divisions: The importance of stakeholders- Players/end-users, Coaches, Sports organisation personnel, 
Other stake holders; The importance of collaboration- Shared ownership of the programme, Shared responsibility for programme 
evaluation; Relevant content- Evidence based, Recognisable, Adaptable, Overcoming logistical barriers; Implementation- Education, 
professional development and support, Resource development, Ambassadors and role models, Social media and promotional plans.  
Conclusions: There is evidence of common facilitators and barriers that need to be considered when implementing IPP’s. The practical 
guidelines we propose should enhance the implementation of IPP’s in real world settings. Step 1: Form a multi-disciplinary 
collaborative IPP design group containing all key stakeholders and research personnel. Step 2: Undertake and review empirical 
research gathered from a range of research areas/fields. Step 3: Develop programme resources in a variety of formats, including video, 
website, infographics, workshop booklets. Step 4: Design a dissemination plan, focusing on promotional advertising through social 
media, television adverts and written releases. Step 5: Offer support systems for stakeholders to give feedback on IPP performance 
and adaptations to better suit their teams needs and values. Step 6: Test the feasibility and adoption of the programme, whilst 
gathering feedback from community on the IPP effectiveness. 
Key words: Injury prevention, Programme implementation, Barriers, Facilitators, Translation   
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INTRODUCTION  

port remains one of the major 
causes of injury and lower 
extremity acute and overuse 

injuries in ball sports, such as team 
handball, football, basketball, rugby and 
netball are particularly common and 
costly.3,6,34 Injury prevention 
programmes (IPPs) are thus essential to 
minimise the associated treatment costs, 
participation loss and long-term negative 
effects of injury.18,24,35 IPPs and 
neuromuscular warm-up, in particular, 
have shown considerable promise for 
reducing injury risk in a number of 
sports.43,53 There is good evidence a 
neuromuscular warm up can reduce 
injury by approximately 50%, when 
performed at least twice weekly, when 
exercise technique is of consistently 
good quality and the programme design 
specific to the sport. 20,51,52 However, 
evidence also suggests that achieving 
adequate compliance to prevention 
programmes continues to be challenging 
and this is limiting real-world 
effectiveness.52,53 Identifying the specific 
implementation components that 
influence the adoption, execution and 
maintenance of IPP interventions or act 
as barriers to their acceptance is 
essential to improved success.14,16,45  
 
The majority of injury prevention 
research has largely focused on 
determining which programme 
components have the greatest effect on 
reducing injury or improving 
performance and the subsequent dosage 
requirements.20,55 These randomised 
control studies (RCTs) have been 
essential to the creation of the content 
of modern sport IPPs. However, even 
with a clear demonstration of evidence-
based effectiveness in the initial 
implementation phases of these IPPs or 
through RCT studies, there remains 
barriers to maintained success of these 
programmes in the real-world setting. It 
has been suggested that one of the key 
obstacles to implementation, is a 
‘research to practice’ gap, as the RCTs do 

not accurately reflect the real-world 
sport context in which the intervention is 
hoping to be implemented.16,30 Beyond 
the research setting, these programmes 
are simply not widely adopted or 
sustained in regular training routines, 
thus, restricting their impact.2,16  
Recently there has been an increase in 
the number of studies focused on 
establishing models and frameworks for 
successful IPP implementation.16,45 Many 
frameworks have been suggested for 
successful implementation including; 
Translating Research into Injury 
Prevention Practice (TRIPP)21, Reach 
Efficacy Adoption implementation 
Maintenance (RE-AIM)25, Implementing 
Injury Preventive Training (IIPT)46,57 and 
Theory of Planned Behaviour (TPB)13, to 
name a few. Studies based on these 
frameworks have  helped identify 
realistic and practical steps useful in the 
development and evaluation of IPPs, but 
do not necessarily recognise the 
individual barriers or facilitators to 
implementing a successful programme in 
a real-world sporting context.  
 
Key to successful implementation is 
understanding why individuals and 
organisations do, or do not adhere to an 
IPP.2,48 Several studies have focused on 
identifying the key stakeholders driving 
IPP creation, dissemination, delivery, 
maintenance, and outcomes. Research 
has explored the attitudes and 
behaviours of different stakeholders 
implementing an IPP (coaches 44,51, 
players39,58, organisational leads14,15) and 
their interpretation of what enables or 
obstructs optimum delivery. If 
stakeholders fail to recognise a positive 
cost-benefit of a programme, their 
support and motivation to deliver this to 
their sporting population will be 
reduced.2,16,48 The lack of stakeholder 
motivation however is not the only 
barrier to implementation of an IPP. 
Recognition of the effects of external 
barriers (programme content, media, 
role models, support and knowledge) or 
internal barriers (self-efficacy, values of 

the programme, motivation to engage) 
to the successful uptake is also vital.45,48 
Understanding how to overcome these 
barriers with practical solutions can 
facilitate adoption and sustained fidelity 
of injury prevention programmes in the 
future.2,22 

 
Thus, the aim of this narrative review is 
to evaluates evidence regarding the 
implementation of sports IPPs, 
identifying barriers and facilitators to 
implementation and key stakeholders 
We also propose practical guidelines for 
the successful implementation and 
dissemination of national IPPs in real 
world settings. 
 
METHOD SEARCH STRATEGY  
The online search expression used to 
locate published studies for this review 
used various combinations of the terms 
‘‘Injury Prevention Programme/s; 
Success/Barriers; Perspective/s; 
Implementation”. 
 
Five online databases were accessed: (a) 
Science Direct, (b) PubMed, (c) Embase, 
(d) Sport Discus, and (e) Scopus. Articles 
were limited to those published between 
2000 and 2020. In addition, a 
snowballing literature search method 
was performed, by identifying relevant 
references within the reference lists of 
previously selected studies.26  
 
Inclusion criteria for articles in this 
literature search were as follows: (a) 
from peer-reviewed journals, (b) full text 
available in English, (c) study or 
systematic reviews discussed the 
implementation of sports injury 
prevention programmes, and/or  
discussed attitudes/behaviours/beliefs of 
those performing sports injury 
prevention programmes. 
 
A narrative review was utilised to allow 
for a broader interpretation and 
exploration of the current evidence. We 
recognise the benefits of a systematic 
review regarding the potential to reduce  
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selection bias, however the stricter 
boundaries of the search criteria 
created by a narrowly defined study 
question can  
often lead to important interpretations 
of a study’s findings being missed or 
rejection of relevant studies. 

 

FINDINGS 
Thirty-five studies that meet the 
inclusion criteria were identified and 
reviewed for themes pertaining to 
improving the successful 
implementation of an IPP, with 
particular emphasis on national scale 
dissemination. For each theme 
discussed below we have included in 
brackets the number of studies (n) that 
provided evidence in support of the 
theme. 
Visual inspection of Table 1. shows an 
overview of the design of the 35 
identified studies and clearly shows 
most studies pertain to 
community/recreational level players. 
Only two studies focused on elite 
athletes and a further two studies 
discussed both community and elite 
level players. Most studies explored 
findings from a variety of sports (mainly 
team based) and utilised qualitative 
methodologies, rather than 
quantitative. The targeted population 
for a national IPP will mostly consist of 
recreational/community-level players, 
whilst still accounting for some elite-
level members. The literature reviewed 
within this study reflects this and 
largely discusses barriers and facilitations 
to IPPs at a recreational/community-level 
with only occasional reference to high-
performance.  
 
1 The importance of key stakeholders 

(n =23) 
Recent research exploring the 
dissemination of IPPs has highlighted the 
importance of identifying key 
stakeholders of a programme and how 
best to reach them.16,45,48 The content 
and messages of an IPP must be 
compatible with the needs and values of 

all key stakeholders and influencers.42,49 
Key stakeholders are more likely to 
utilise the programme if they believe the 
intervention addresses an important 
issue for their teams/players/children  
and if they were consulted in the design 
process.41,42,44 

 

1.1 Players/end-users 
One of the acknowledged stakeholders is 
the players themselves, as they are the 
main health beneficiaries of the 
programme.2,37 The players opinion can 
often be lost during the creation and 

distribution of an IPP. However, it is their 
compliance to the programme, along 
with the subsequent reduction in injury 
that remains the measure of success of 
any IPP. Evidence supports an inverse 
dose response relationship between 
compliance with an IPP and injury risk, 
higher rates of compliance lead to 
greater decreases in risk of injury.28,52 
Players are generally willing to carry-out 
an IPP if it can be performed within a 
normal training environment or game 
and if it is adaptable to reduce boredom,  
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progressive and more specific to game 
demands.39,45 Players appear to 
collectively agree that it is the 
responsibility of the coach or support 
staff (Physiotherapist) to guide them in 
the initial design and delivery of an 
IPP.37,58 However, some players have 
identified that an opportunity to lead the 
warm-up would improve their motivation 
to adhere to the content and give them a 
feeling of ownership or control.27,45,51 
Initial design and guidance by the 
coaches on IPP performance is crucial, 
but with an option to challenge players 
to run the IPP themselves once they are 
comfortable to do so. Of all stakeholder 
groups, players put the most emphasis 
on using ‘role models’ within the sport 
and social media to sell the positive 
messages of the programme.2,37,58 
Finally, differences between genders 
have been identified. Males appear to be 
motivated by potential performance 
benefits from an IPP and females by its 
success at reducing injury risk.22,39 
Modifying how you sell the IPP benefits 
and use of gender specific messaging, 
may therefore be beneficial. 
 
1.2 Coaches 
The majority of studies exploring IPP 
implementation focus on coaches being 
uniquely placed in a position of 
trust/respect to guide players through 
the programme and integrate them 
within the sport.37,38,40,44 Coaches often 
cite barriers/facilitators to IPP 
implementation success that are similar 
to those cited by players. Coaches are 
often motivated to execute an IPP if they 
understand the science behind exercise 
content choice and evidence of 
programme success.2,11,40 This group of 
stakeholders regularly identified that 
injury prevention alone was not always 
enough of a motive to utilise a 
programme and improved player 
performance was essential, especially in 
males.33,37,40 Conversely, coaches of 
female teams are more likely to utilise an 
IPP than those of male teams in general, 
as they believe they are at greater risk of 
injury and it is therefore of greater 

value.42,44 Coaches and other 
stakeholders often choose not to use an  
IPP programme as they do not believe or 
understand that their team is at risk.4,14,40 
Coaches’ often believe that their players 
are unwilling to perform an IPP as they 
do not feel they are at risk.39,44 Though, 
research would indicate that the 
opposite is true and players are often 
motivated to undertake an IPP, as they 
believe it will reduce their risk of 
injury.39,41 Clearly there has been a miss 
communication between player and 
coach. Evidently there is a need to bridge 
the research to real-world practice gap, 
where the interpretation of the evidence 
can be better translated to ensure 
understanding of the key stakeholders. A 
strategy to achieve this is through 
education workshops on the 
programmes ability to benefit health, 
wellbeing and sporting 
performance.22,51,53  
 
An identified apprehension amongst 
coaches is a need for support and 
feedback from healthcare/exercise 
science professionals, coaching peers 
and the sport organization they work 
with.40,48,51,58 Coaches want a structured 
support system to confidently implement 
an IPP40, some of which they feel should 
come directly from the organisation they 
work with, whether at a national or club 
level.45,48  

 
1.3 Sports organisation personnel 
One of the key stakeholders often 
overlooked in IPP implementation 
research is the sport organization itself. 
Recent studies theorising IPP 
implementation best practice have 
highlighted the growing importance of 
merging sports organisations at all levels. 
Organisation administrators often act as 
the initial instigators of a community IPP, 
as they will develop policies to help 
dissemination, secure economic backing 
for coaching professional development 
and publicising/branding the 
programme.14,18,23,48 Like coaches a key 
reason organizations sponsor the 
dissemination of an IPP is clear scientific 

evidence of reduced injury rates, 
increased team success and increased  
availability of players.14,44,45,48 Unlike 
other stakeholders organisations are 
often responsible for the cost of an IPP, 
whether financing workshops for 
coaches or funding media outlets to 
promote the programme.14,23,24,48 The 
organisation must be convinced the 
benefits of running the programme, 
outweigh the costs.37,40,50 The 
organization plays an important part in 
the greater sporting community receiving 
information about an IPP and building 
confidence through endorsement of the 
programme amongst differing social 
groups.2,23,24,48  
 
1.4 Other stakeholders  
There are other stakeholders in 
implementation, who play a greater or 
lesser role depending on the audience of 
the IPP or environment of its delivery. 
Physical education teachers for instance 
play a similar role as the coach in some 
IPPs.23,48 Parents may play a key role in 
encouraging players to undertake an IPP, 
either from a guardian standpoint or as a 
volunteer coach.45,48 Research however 
has shown that some coaches and 
parents don’t believe that younger 
players are at real risk of injury and that 
an IPP need not be a focus of youth sport 
training.42,48 However, there is strong 
evidence that youth players are at risk 
not only of initial injury, but potentially 
long-term effects to their physiological 
and psychosocial wellbeing.6,33,38 
Healthcare and exercise science 
professionals often guide coaches 
through IPP education or lead the 
programme for teams, as it builds 
confidence in the quality of programme 
delivery.2,11,51 The beliefs or attitudes of 
these key professional influencers (e.g. 
Physiotherapists or Strength & 
Conditioning coaches) on 
implementation of IPP are rarely if ever 
discussed within the literature and this 
remains an important area of future 
research. Recent research into the 
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above-mentioned stakeholders’ values, 
has identified a growing appreciation for 
content that recognises the importance 
of end-user’s general health, wellbeing 
and cultural needs.2,14,43 Ultimately for an 
IPP to reach its dissemination potential it 
must consider the diverse values and 
needs of the key stakeholders when 
developing its content and promotion, to 
better target their audiences. 
 
2 The importance of collaboration  

(n = 16) 

2.1 Shared ownership of the programme 
A frequently cited barrier to 
implementation, is the lack of perceived 
control key stakeholders feel they have 
over the programme.14,40,46 Stakeholders 
at all levels (organisational, implementer 
and user), often believe they have been 
given little or no opportunity to 
participate in programme design, 
dissemination and implementation.2,15,45 
To ‘bridge the gap’ between research 
and practical application of IPPs, a ‘real-
world’ perspective gained from all key 
stakeholders is essential. Organizations 
are more likely to support an IPP if they 
have collaborated with the research 
team in extrapolating what they see as 
real-world practical implications from the 
evidence presented to them.2,24,48 They 
can use the evidence to guide their 
policies and integrate the IPP throughout 
all levels of their organisation, reaching a 
larger number of end users.2,17,45 
Organizations support dissemination by 
many means, such as making a 
programme mandatory, promoting its 
benefits and encouraging and funding 
educational workshops. Undoubtedly a 
programme that is endorsed and 
advertised as successful by a national 
sporting organisation, will garner greater 
trust and reception by the end-users. 
Similarly, at a centre or club if time is 
placed into the competition draw for an 
IPP (e.g. a warm-up) to be performed, it 
is more likely to be utilised and followed 
by the community. 

Though collaboration with those 
developing organisational policy can be 
beneficial to dissemination of an IPP, the  
influence of these stakeholders alone 
may be insufficient for continued 
successful acceptance of the 
programme.18,23,31 Probably the most 
important collaboration is between the 
researchers, implementors (Coaches, 
teachers, parents) and end-users 
(players). Implementors and end-users 
often suggest innovative ways to 
overcome logistical barriers and offer 
new perspectives on the programme 
content.5,17 These collaborations offer a 
chance for implementors/end-users to 
give honest advice on which exercises 
will realistically fit into the team training 
environment and whether the content 
descriptive language is easily 
understandable. It is apparent that an 
IPP must be empirically researched and 
influenced to be widely accepted by key 
influencers at all levels of a 
sport.2,18,40,44,45 Notably key influencers 
have more confidence, in an IPP if the 
research was compiled by a 
multidisciplinary group, particularly 
through collaboration with the end-user 
and the organisational 
policymakers.2,12,45,46  

 
2.2 Shared responsibility for 

programme evaluation 
For a programme to be sustainable and 
therefore effective partnership with 
stakeholders must reach beyond just the 
initial planning and propagation of an 
IPP, it must be maintained 
throughout.14,23,46 The use of focus 
groups, large informal discussion 
meetings and questionnaires amongst 
stakeholders to provide feedback on IPP 
outcomes is valuable to programme 
improvement and maintaining its 
acceptance within the community.12,40,46 
Collaborating with a variety of personnel 
to evaluate IPP outcomes (injury 
databases, player compliance etc), is 
essential to building programme 
maintenance and development 
strategies.17,45,46 Collaboration with key 

stakeholders therefore likely improves 
programme quality and their perceived 
control over its application, which in turn 
increases their acceptance and 
motivation to disseminate the IPP 
further.  
 
3 Relevant content (n = 23) 

3.1 Evidence based 
IPPs are more commonly accepted if the 
evidence has been recently gathered 
from a range of research areas/fields 
(Cadaveric, Computational models, Video 
analysis, efficacy/effectiveness and 
laboratory studies) or through a research 
clinic.22,48 Recent research has indicated 
that coaches and players desire clear 
visual data and statistics on IPP 
effectiveness to have confidence in 
supporting its use with their own team or 
promoting it to others.23,40,44 Though 
general injury statistics can build 
assurance for some teams, some remain 
sceptical of the relevance of a 
programme to their team.27,44,45 IPP 
implementors need evidence the 
programme improves player or team 
performance, beyond injury reduction to 
accept it.29,45,48 Implementors want an 
empirically designed programme that 
meets the demands of their team, 
considering age group, skill level, gender, 
need for progression and best practice 
dosage requirements.37,40,45,58 Similarly, 
stakeholders want evidence to support 
that an IPP is ‘up-to-date’. An advertised 
programme should utilise innovative 
knowledge, if it wishes to be 
acknowledged and maintained 
throughout several seasons.14,37,39,44 Key 
stakeholders must believe that the 
endorsed IPP is superior to what they are 
already performing, that injuries will 
decrease further, performance improve 
and players become more frequently 
available for games.37,40,49  
 
3.2 Recognisable 
One of the consistent reasons given for 
failed IPP acceptance and dissemination, 
is that the research driven content of the 
programme lacks real-world  
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legitimacy.37,48,58 To counter-act this 
exercises need to be perceived by the 
end-users as being normal 
exercises/movements seen within their 
sport (sport specific).44,45,51 The IPP must 
fit into their normal training, game 
routine and the exercises should be 
somewhat recognisable.2,19,58 Research 
suggests that sport specific exercises are 
not essential, instead exercises must only 
be recognisable in nature from existing 
and accepted injury prevention 
movements.44,48 The content of several 
national warm-up IPPs (FIFA 11+, 
NetballSmart, BokSmart, RugbySmart) 
for instance have similar exercises, which 
all appear to reduce injury risk.7,10,24,53 
However, most evidence still shows that 
if coaches and players perceive a 
programme to imitate movements more 
specific to their sport, they are more 
likely to perform the IPP.22,45,51 Many key 
influencers are driven by what they 
perceive as social norms, if other teams, 
coaches and players are using an IPP 
then why shouldn’t they? Coaches who 
have seen IPPs used with other teams or 
who have greater experience  looking 
after older or more proficient teams (>7 
years), are more likely to believe in the 
worth of an IPP.33 The more frequently 
coaches see other teams utilise and IPP, 
the increased likelihood they will 
perceive its use as normal practice.14,41,58  
Lastly, an IPP should recognise the effect 
of an individual’s injury history to 
promote the efficacy of the programme. 
Those that have suffered previous 
significant injuries are often more 
supportive of an IPPs benefits, believing 
if they had been exposed to a 
programme prior to receiving the injury, 
they would never have been injured .27,41 
This evidence suggests that an IPP should 
strive to educate their end-users on why 
recognisable exercises in the programme 
would benefit their team, specifically 
utilising their direct peers and role 
models through differing mediums to 
highlight its success. 
 
 

3.3 Adaptable  
One of the cited barriers to compliance is 
rigid or unrealistic exercise 
content.18,27,27 Many find exercises in 
IPPs too complex for younger or 
inexperienced players and that 
programmes fail to meet age or skill 
specific requirements.2,37,48 The exercises 
may be unsuitable for young children, 
due to a lack of strength, fitness, motor 
skill development or maturation 
capability.2,37,48 A programme that either 
has age, motor skill or maturation level 
specific exercises and can progress with 
growth and development would be of 
great benefit to youth coaches.2,20,48 
Similarly, many community players 
compete at a lower skill level and 
possibly lack the base fitness or motor 
skills required to perform some 
exercises. A programme that can adapt 
for everyone within a teams varied skills 
levels, is likely to be employed more 
frequently.18,48,51 Conversely, other 
studies have reported that IPPs fail to 
provide suitable progressions to meet 
the demands of higher performing 
players, leading to boredom and 
reduction in compliance.2,18,45 
Additionally, a lack of variation in the 
programme content has been cited as a 
barrier.22,45,55 After performing the same 
programme over several seasons players 
and coaches lose motivation. If exercises 
can be adapted to be more fun51, sport 
specific20,43 or transition into game 
skills,2,22 they are more likely to be 
maintained. An IPP that can be adjusted 
to meet team specific training goals or 
replicate recognisable drills, performed 
in the teams usual training environment, 
will have greater acceptance.22,37,40,44 
However, research indicates that 
education on exercise selection and its 
relevance to their sport is not enough, 
key influencers would also like 
information on how to adapt the 
programme to better meet team needs 
(youth, greater or lesser skill/experience 
and gender specific).19,45,51 
 
 

3.4 Overcoming logistical barriers  
A frequently cited barrier for failed 
IPP/warm-up implementation is lack of 
time and additional equipment to 
perform the programme effectively. 
18,22,37,48,51,55 Often coaches, and players 
indicate that an IPP takes up too much of 
their training time, doesn’t fit into their 
session goals or interferes with higher 
priorities during heavy competition 
periods.37 This leads to most teams  
modifying and shortening longer IPPs, 
whilst retaining some game specific 
movements which can be transitioned 
straight into skill sessions.37,22,19,51 
However, the effectiveness of previous 
warm-up IPPs has largely been based on 
programmes that are ≥20mins in 
length.7,20,24,53 Previous research suggests 
longer duration programmes (> 20 min), 
conducted more frequently (> three 
times per week), have greater effect. 52,53 
There is some concern a shortened IPP 
therefore is less likely to achieve 
efficacious results. However, early 
evidence would suggest that short 
duration programmes with fewer 
exercises can still be beneficial, such as 
BokSmart10, a basketball warm-up1 and 
the NetballSmart Power Warm-up7. 
Further research into the effectiveness of 
short duration IPPs, would be beneficial 
for programme design in the future. 
Another factor that can increase the 
duration of an IPP, is the need to remove 
and set-up equipment.19,45,48 The need 
for equipment can be a detriment to 
programme implementation, due to cost, 
space to perform the exercises or store 
the gear and the additional time 
involved.45,48  
 
To reduce logistical barriers IPP’s should 
have the ability to be modified to meet 
the skill, fitness and growth demands of 
the team. There should be some 
education on how to add components to 
the programme, whilst retaining fidelity, 
thus increasing motivation and 
enjoyment. An IPP should preferably be 
short in nature, but still consist of  
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evidence-based sport specific exercises 
that allow for the ability to smoothly 
transition programme content into 
training skill sessions. Finally, there 
should be limited need for equipment 
within the IPP, to reduce duration, cost 
and aid the ability for the programme to 
be performed in any environment. 

 

4 Implementation (n = 31) 

4.1 Education, professional 
development and Support  

A further barrier is the lack of self-
efficacy those implementing the 
programme feel, believing they lack the 
required skills to obtain positive 
results.23,39,46 The lack of self-efficacy 
stems largely from feelings of inadequate 
knowledge about the programme 
content or benefits and inability to 
access further feedback and support to 
improve their skills.19,33,37 Research 
indicates that greater education on how 
to adapt the programme to better meet 
their team’s needs (youth, greater or 
lesser skill/experience and gender 
specific), would increase key influencers 
self-efficacy of running a 
programme.19,45,51 Coaches want access 
to further educational workshop options, 
containing empirically researched 
exercise progressions or individual player 
development suggestions.14,40,46 An 
accredited educational IPP for coaches is 
often mentioned as a facilitator to 
programme implementation, starting 
with the basic knowledge for lower 
skilled coaches though to high-
performance.40,44,51 It is believed self-
efficacy for coaches and players would 
grow if they have been accredited or 
licensed in some way.15,33,51 Similarly, 
players and coaches have increased 
confidence and show improved 
adherence to an IPP, if those leading the 
programme have undergone a practical 
workshop prior to implementation.41,53 
Another way to develop self-efficacy 
amongst coaches is access to feedback 
and support sessions with their fellow 
coaching peers and experts in the field. 
Coaches have indicated they would feel 

more confident to utilise the IPP and 
further adapt the programme to meet 
their teams need, if they could gain 
insights on how to do so from other 
coaches.37,40,48 An IPP that offers the 
equivalent of a ‘coach/player helpline’ 
and access to regular peer meetings as 
part of its implementation design, will 
more likely show continued success.  
 
Authors suggest that educational 
workshops can be presented in a variety 
of forms. In-formal discussions or fun 
physical game sessions amongst youths 
and coaches alike are often 
effective.2,17,48 Likewise, more informal 
public meetings at clubs or schools can 
offer an opportunity to share 
information with a larger number of the 
community or specific stakeholders such 
as parents5,40. Alternatively, several 
studies have specified that organisations 
and coaches would comply to an IPP if 
formal training was added to the 
coaching curriculum, with an ability to 
start at a foundation level and progress 
through to high-performance.16,20,40,51 
Coaches want to feel they have been 
rewarded for their attempts at self-
development and learning.17,40,51 The 
language coaches use to teach the 
players movement or technique skills can 
play an important part to IPP 
compliance. An IPP workshop that 
teaches coaches to use a variety of 
internal and external focus instructions 
to teach motor skills to their players, is 
likely to increase the quality of 
movement performance and acceptance 
by the team.27,40 Similarly, use of positive 
reinforcement over negative feedback 
improves self-efficacy and respect from 
coaches undergoing a practical training 
workshop on learning exercise technique 
correction.27,40,46 Focusing on positive 
language and how their teaching 
performance can improve, rather than 
their shortcomings builds confidence in 
stakeholders being instructed. The 
overriding message is that after 
undergoing a comprehensive educational 
workshop on an IPP application, the key 

stakeholder (organisation, coach, player) 
self-efficacy grows and their willingness 
to disseminate and endorse the 
programme is greater.4,18,53 Research 
would also suggest that endorsement of 
practical IPP coaching workshops at an 
organisational level may be key to better 
propagation and maintenance of a 
programme’s success within the sports 
community.2,24,40,44 

 
Poor advertising of how to access 
educational workshops is often 
mentioned as a barrier for 
implementors/end-users.20,40,44 As IPP 
educational workshops are important to 
implementation, being able to 
geographically access them with ease is 
very important. Having a network of 
travelling coaches or ambassadors that 
can teach these workshops locally in the 
sports centre, directly in the school or 
club environment is beneficial.24,46,48 
Coaches are also more likely to feel 
comfortable learning from an 
educational programme that is run in an 
environment they know well and in 
which they can potentially practice 
transferable skills directly in their 
training setting.40,48 For educational 
workshops to be presented in the end-
users own environment requires access 
to a maintainable and significant funding 
source, thus poor financial resources can 
act as a barrier to implementation of a 
programme on a grander scale. Likewise, 
if training costs too much it is unlikely to 
be utilised frequently or remain 
viable.24,44 However, existing research 
shows IPPs can be economical, especially 
when accounting for the cost serious 
injury places on a national system. 
Fulcher et al24, showed a return on 
investment as high as NZD$8.10 for every 
dollar spent on an IPP and others have 
shown anywhere from 24-150 ACL 
injuries could be prevented with the cost 
it takes for a single surgical repair.36,56 It 
seems the barrier of cost is probably 
more perceptual, especially as many IPP 
have been designed to cost very little to 
run for an individual team.20,37,44 
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4.2 Resource development   
It has been suggested that purely passive 
diffusion of IPP education via leaflets, 
coaching booklets, DVD and online 
resources is not effective in gaining 
success.5,51,53 However, many end-users 
believe passive educational resources 
can act as a type of feedback or revision 
of information from educational 
workshops and therefore still have their 
place in building self-efficacy and 
implementation of IPPs.16,43,51,53  IPP 
content is often developed from 
academic research by health/sports 
scientists, all of whom frequently use 
specialist language to communicate. 
When exercise descriptions and 
instructions are written into resource 
material for an IPP they are often too 
scientific, and this unsuitable language 
can easily confuse the layman coach or 
player.18,48,51 This research-to-practice 
translation failure can affect the end-
user’s self-efficacy, as they lose 
confidence in their understanding and 
capability of running the programme 
effectively.17,27,45,48 Utilising multi-
disciplinary key stakeholders to 
collaborate on the written language of a 
resource can therefore be beneficial.4,5,40 
Informative resources created for the IPP 
should be easily accessible in many 
different mediums, such as internet 
pages, paper formats, booklets and social 
media adverts. This offers the greatest 
chance for dissemination to the 
community and all stakeholders.2,24,48 An 
easy-to-understand coaching/player 
‘toolkit’, which offers foundation 
information and teaching tools on how 
to translate IPP content to ‘real-world’ 
training, has been suggested as a positive 
facilitation instrument.37,46,48 

 
4.3 Ambassadors and role models 
 Another way to further legitimise and 
build adherence to an IPP is to have 
respected coaches and players act as 
ambassadors/role models, endorsing the 
programmes worth.9,18,40,47 These role 
models do not always have to be high 
profile sports personalities, instead they 
can be respected peers/members of the 

community. This is particularly the case 
for youth players and low experience 
community coaches.20,37 Community 
level teams would sometimes prefer the 
IPP education be shared by respected 
peers over a high-profile personality, as 
they feel more comfortable sharing ideas 
and asking questions amongst those that 
are closer to their level.37,40,58 An 
opportunity to gain some support and 
feedback from a peer group, is deemed 
desirable by many players and coaches 
alike.37,40,51 High-profile ambassadors can 
also play a role in the promotion of an 
IPP, advertising its worth through an 
array of social media platforms, leading 
to greater acceptance and uptake by the 
sporting community.12,43,54 

 
4.4 Social media and promotional plans  
Designing a social media plan when 
implementing an IPP in the modern 
climate, is essential to greater 
dissemination.5,17,24 Social media is an 
important medium for promoting 
educational workshops, new resources 
or research material and key messages or 
content for the IPP. For social media to 
reach a greater proportion of the 
community, it must be designed with a 
specific target audience in mind.40,54 
Once again if the end-user does not 
believe the message they are receiving 
meets their personal or team needs, they 
are unlikely to retain or apply any of the 
information given.18,40,43 The use of 
websites24,51,53, DVD material16,18,43, 
television media adverts24,37,40, written 
leaflets and booklet resources2,48,53 have 
also be found to be useful methods of 
promotion. It would therefore be 
prudent to create a promotion plan for 
wider implementation of an IPP, using an 
array of different mediums to get the 
education and information across to the 
often quite varied audiences. Finally, 
using commonly recognisable language 
in resources can also act as an important 
facilitator in promotion material or social 
media campaigns54. Shaping your 
language and messaging carefully, when 
advertising an IPP can make a significant 

difference to its uptake amongst the 
community.5,54 

 
Therefore, an IPP requires a multi-
faceted variety of educational workshop 
and resource formats, with sport and 
audience specific content to successfully 
be implemented amongst the larger 
sporting community. Choosing 
inappropriate language or role models 
that do not resonate with the audience 
you are aiming to influence will likely 
reduce the spread of a programme.31,40,54 
The programme and practical workshops 
should be easily accessible wherever the 
user is geographically. Creating a sound 
advertising and promotional plan is 
essential for greater dissemination and 
likely credibility to the programme. 
Finally, those implementing or using the 
programme should be given 
opportunities to progress their 
knowledge and skills, whilst being 
offered feedback support systems to 
build self-efficacy.  
 
CONCLUSIONS 
Though it can be a challenge turning a 
research grounded IPP into one that is 
practically accepted by the general 
populous and more importantly 
sustained, it is possible. The findings of 
the review identified four key themes 
that recognised common facilitating 
factors, as well as frequent barriers to 
implementation. Based on the evidence 
presented in this review we suggest the 
following practical guide to overcome 
barriers to implementation and maximise 
IPP implementation in the real-world 
setting. The proposed steps (Figure 1) 
represent a cyclic process that allows 
ongoing review of IPPs at regular 
intervals (e.g. annually). 
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Step 1: Establish a multi-disciplinary and 
multi-level collaborative IPP design group 
containing all key stakeholders and 
research personnel. This group will 
discuss targeted drives/priorities for 
research that offers  ‘real-world’ practical 
advice for the community, along with 
innovative ways to logistically ‘roll-out’ 
the programme. Collaboration also builds 
a sense of ownership and shared control 
over an IPP by stakeholders, giving more 
credence to the content and positive 
behavioural change to implementation. 
Similarly, a programme endorsed by the 
national sporting body and respected 
members of the community, is more 
likely to be accepted by others. 
 
Step 2: Undertake and review empirical 
research gathered from a range of 
research areas/fields (Cadaveric, 
Computational models, Video analysis, 
epidemiological and laboratory) in the 
area, including expert opinion from key 
members of the sporting community. 
Early epidemiological research will give a 
clearer picture of the most common 
injuries, which target age groups are at 
risk (therefore audience for programme 
delivery) and if there are any seasonal 
patterns in injury to focus IPP content 
towards. This evidence will help 
determine the content of the messaging 
for the IPP, how to fashion the design 
and language for the various key 
audience groups. The findings from 
research will guide the information given 
in the practical workshops, as well as 
teaching tips for coaches to improve 
fidelity and effectiveness of the IPP. The 
research can also be used to attract 
funding sources, which in turn can hire 
programme ambassadors/educators, 
finance promotional and resource 
material and inevitably increase access to 
the programme 
 
Step 3:  Develop resources for the 
programme in a variety of formats, 
including video, website, infographics, 
workshop booklets. Insert the IPP 
resources within coaching and player 

workshop booklets from foundation 
junior, through all levels. Educational 
workshop content must also offer levels 
of skill development from foundation to 
high performance. The content of the 
programme must be modifiable to meet 
the varied needs of the users (age, 
gender, skill level). Imbedding the 
workshops in an accredited coaching 
framework or player development 
programme, will allow those learning a 
feeling of achievement/competence and 
increase their respect for the course.  
 
Step 4:  Design a thorough dissemination 
plan, with focus on promotional 
advertising through social media, 
television adverts and written releases. 
Employ respected and/or well-known 
sporting personalities to endorse the 
programme. Apply social media to 
advertise educational workshops in the 
area and highlight their geographical 
spread and ease of access for the 
community. Build a network of travelling 
coaches or ambassadors that can teach 
these workshops locally in the sports 
centre, directly in the school or club 

environment, making them 
geographically accessible to as many as 
possible.  
 
Step 5:  Offer support systems for 
stakeholders so they can gain feedback 
on the performance of the IPP and how 
to adapt or progress it further to better 
suit their players needs and values. Offer 
the equivalent of a coach/player 
‘helpline’ or peer informal gatherings to 
discuss programme use and building self-
efficacy amongst those that implement 
the programme. Likewise, an opportunity 
to gain feedback and support from 
sport/health science researchers and 
professionals will be beneficial and allow 
new evidence to be available to those 
implementing/using the IPP.  
 
Step 6:  Evaluate the feasibility and 
adoption of the IPP resources and 
messaging. This can be done via a variety 
of methodologies including intervention 
studies, focus groups, surveys or 
questionnaires within the community to 
gain feedback on IPP effectiveness. Use  

Figure 1. Proposed cyclic process for IPP implementation. 
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this information to recognise possible 
barriers to dissemination and any 
adaption or improvements that would 
benefit programme effectiveness and 
sustainability. Collect data from an 
assortment of channels to monitor the 
success of the IPP (injury databases, 
compliance requirements, branding 
notability) and use this information to 
build programme maintenance 
strategies.    
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 CASE REPORT 

INTRODUCTION 
usculoskeletal injuries are a 
common cause of 
presentation to the 

emergency department,5 often occurring 
during participation in sporting 
activities.15  The incidence of soccer 
injuries is closely monitored in 
professional athletes by national and 
international sporting federations and 
injury surveillance reports published 
regularly by FIFA and UEFA (Union of 
European Football Associations).11,17  In 
the USA, sporting injuries are also 
monitored in some large high school 
institutions.19  In the paediatric 
population, the elbow is a common site 
of injury with dislocation accounting for 
9.2% of all elbow injuries.19  This case 
report describes the unusual occurrence 
of an open elbow fracture dislocation 
with associated neurovascular injury 
sustained during a high school soccer 
game.  Open fractures and neurovascular 
injuries in sport are discussed along with 
a review and update on the principles of 
pre-hospital management to inform 
clinicians who may not manage this 
injury pattern regularly but may be 
exposed to it.  
 
CASE REPORT 
DT, a fit and well 12 year old male, was 
involved in a tackle during a game of 

indoor soccer at school.  He fell onto his 
left arm and sustained an open fracture 
dislocation of his left elbow, see Figure 
1.1.  DT was brought to the Emergency 
Department (ED) by ambulance where it 
was noted the radial pulse was not 
palpable but his hand was pink and well 
perfused, with a capillary refill of 2-3 
seconds and normal oxygen saturation 
on pulse oximetry.  He had sensory and 
motor disturbances to the anterior 
interosseous nerve (AIN) and ulnar nerve 

demonstrated by compromised flexor 
pollicus longus (FPL) and flexor digitorum 
profundus (FDP) function of the thumb 
and index finger, and inability to perform 
finger abduction.  DT underwent plain 
radiographs of the left elbow which 
confirmed a posterior elbow dislocation 
with an associated medial epicondyle 
fracture, see Figure 1.2.  
 

Following his medical clerking and full 
examination, no other injuries were  
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Figure 1.  Open dislocation of left elbow (1.1) and associated xray demonstrating 
posterior elbow fracture dislocation (1.2). 

1.1 1.2 
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identified.  Immunisations were up to 
date and IV cephazolin was given as per 
open fracture management guidelines, 
Australia.3 DT was taken to the operating 
theatre as an emergency case for surgical 
reduction and exploration by an 
operative team consisting of 
orthopaedic, vascular and plastic 
surgeons.  
 

The elbow was reduced and a complete 
transection of the brachial artery was 
identified.  Median and ulna nerve  
bruising was also identified but no neural 
transection in keeping with a possible 
neuropraxia.  The elbow was imaged in 
theatre through a range of motion and 
was found to have relative stability 
except at extremes of extension.  The 
brachial artery was reconstructed with a 
saphenous vein graft from the 
contralateral lower leg. The medial 
epicondyle was reduced and fixed with a 
percutaneous 1.6mm Kirschner wire 
(DePuy Synthes, USA). The lateral ulnar 
collateral origin was sutured to the 
periosteum and the small amount of 
adjacent capsule still attached to the 
humerus. Attempted closure of the 
brachialis was performed to cover the 
joint and protect the vessel repair. The 
reduction and vascular repair were 
protected in an above elbow plaster of 
Paris backslab (BSN Medical, Hamburg, 
Germany). 
 

Recovery was complicated by a graft 
thrombosis identified at 24 hours post 
operation.   DT was started on an 
intravenous heparin infusion and 
returned to the operating theatre for a 
brachial artery thrombectomy and 
revision interposition bypass with a new 
segment of long saphenous vein graft. 
 

On discharge, 8 days after injury, DT had 
a palpable radial pulse and resolving 
motor and sensory function in AIN and 
ulna nerves distally.  His elbow was 
supported in an above elbow plaster of 
Paris backslab and a broad arm sling.  
Follow-up in clinic one week later 
confirmed improving neurology, normal 
vascular supply distally and healthy 
healing wounds.  Radiographs confirmed 
maintenance of elbow reduction and 
medial epicondyle fixation, see Figure 
2.1.  At six weeks post injury there was 
normal vascular supply with normal ulna 
nerve function and sensation and 
continued resolving AIN symptoms.  The 
Krischner wire was removed and DT was 
placed in a range of motion (ROM) brace 
with movement of 25 degrees to full 
flexion.  Eight weeks post injury DT had 
normal vascular supply and further 
improvement of his AIN function.  
Radiographs demonstrated an 
unchanged position of the medial 
epicondyle and interval healing, see 
Figure 2.2.  His ROM brace was unlocked 
and he was encouraged to start 
performing ROM exercises and 

strengthening under physiotherapy 
guidance.     

  

DISCUSSION 
Open elbow fracture dislocation is not an  
injury we have seen reported in the 
literature in relation to soccer.  Fractures 
and dislocations are recorded in UEFA 
and FIFA injury surveillance studies but 
location and severity is not expanded 
upon further.9,12 Elbow dislocations were 
the subject of an 11 year review of 
National Football League (NFL) injuries in 
America.7  They accounted for 0.17% of 
all injuries and all were closed 
dislocations with no vascular injuries. A 
review of paediatric elbow injuries in 
2007 by Magra, Caine, Maffulli 13 found 
chronic overuse injuries dominated in 
upper limb sports which involve throwing 
and catching, whereas more severe 
injuries such as fractures and dislocation 
occurred in sports with higher 
momentum and contact such as alpine 
sports and rugby.13  However, no open 
elbow fracture dislocations were 
discussed.  A review of open elbow 
dislocations presenting to a level 1 
trauma centre over an 8 year period in 
Germany found 21 adult injuries all 
related to falls from a height or motor 
vehicle accidents.16 
 
Brachial artery injury associated with 
elbow dislocations is extremely rare with 
an incidence of between 0.3 and 1.7% 
based on a large institutional study.4  

Figure 2. AP and lateral radiographs 2 weeks post injury with Krischner wire in situ medial epicondyle (2.1) and 6 weeks post injury with wires 
removed (2.2). 
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Although elbow dislocations are a 
relatively common injury in children, 
there are only limited case reports that 
describe associated vascular injury. Hajji, 
Zrihni, Naouli, Bouarhroum 10 described a 
case of open elbow dislocation with 
brachial artery injury in a 17 year old girl 
following a fall from a third floor. 
Similarly to our case, this patient was 
promptly taken to the operating theatre  
where direct visualisation confirmed a 
complete transection of the brachial 
artery. Following venous graft repair, 
outcomes were similar to our patient 
with return of vascular function. Another 
case was described by Nazli, Colak, Uras, 
Komurcu, Cakir 14 where a 12 year old 
boy sustained an open elbow dislocation 
following a crush injury. His elbow was 
reduced in the ED and the associated 
laceration was closed. Arterial injury was 
identified several days later with 
angiography confirming brachial artery 
pathology. This was repaired in the 
operating theatre with a saphenous vein 
graft and his vascular status was 
restored. Of note, the two cases 
described occurred secondary to non-
sport related high energy trauma.  
 
The prevalence of injuries in professional 
footballers has been thoroughly 
documented and analysed.11,17  UEFA 
released an injury study in 2009 that 
reviewed greater than 4000 injuries over 
an 8 year period.9 Thigh strains 
accounted for the largest proportion of 
injuries at 17%. Upper limb injuries were 
far less common, with elbows accounting 
for only 0.5% of total injuries. 
Dislocations accounted for 1% of total 
injuries, however their anatomical 
locations were not specified.9 More 
recent injury surveillance studies 
released by UEFA lack the anatomical 
breakdown of injuries. The English 
Football Association’s injury surveillance 
research published in 2020 found that 
3% of all injuries sustained in men’s 
soccer were major in severity (greater 
than 90 days off play) and 58% of all 
injuries were due to contact.17  There 

was, however, no further classification 
regarding the anatomical site or nature 
of injury. The FIFA injury study of the 
2014 FIFA World Cup also found that the 
majority of injuries were due to contact, 
with 63.4% of all injuries occurring due to 
contact with another player.12 Thigh 
strains were again the most common 
injury, accounting for 17.3% of all injuries 
compared to upper extremity injuries 
that accounted for 10%. Fractures 
accounted for 6% of all injuries, however 
no further breakdown was performed to 
identify the number and type of elbow 
injuries, including dislocations. A study of 
open fractures in sports in Scotland 
identified football and rugby as the 
commonest causes of open injuries, with 
finger phalanx and tibial diaphysis 
fractures being the commonest sites.18 
They found that only 1 of the 19 open 
fractures from football occurred in the 
elbow. Another study performed in high 
school athletes focusing on elbow 
injuries found that 9.2% of elbow injuries 
were dislocations, however did not 
quantify how many of these were open 
injuries or whether there was associated 
neurovascular compromise.8 
 
Open fracture dislocations are 
uncommon, however it is prudent in 
these instances to follow appropriate 
management guidelines given the risk of 
infection and neurovascular injury. The 
management of open fractures and 
dislocations form a key part of the 
English Football Association’s ATMMIF 
(Advanced Trauma Medical Management 
in Football) assessment course and the 
English Rugby Football Union’s PHICIS 
(Pre-Hospital Immediate Care in Sport) 
assessment course.1,2 Evidence based 
management of open fractures are also 
well described in the UK BOAST 
guidelines.6 
 
The key components followed in our case 
include immediate and serial 
neurovascular examinations of the 
injured limb, realignment of anatomy if 

appropriate or required, removal of 
macroscopic contamination, dressing 
with saline soaked gauze, administration 
of intravenous antibiotics within 1 hour 
of injury and prompt transfer to an 
appropriate hospital for surgical 
management.  
 
Exposure of sports clinicians to open 
fractures, with or without neurovascular 
compromise, in the pre-hospital 
environment may be limited due to their 
thankful scarcity. However, this shouldn’t 
make for a daunting experience. The fear 
of causing further injury should be 
rationally considered in context of the 
amount of energy required to cause the 
initial injury. After a safe approach to the 
player and clinical review of potentially 
life threatening injury or compromise, 
attention should turn to the affected 
limb. Life threatening haemorrhage is 
rare and should be controlled with a 
proximal tourniquet and a documented 
time of the application. Observe the 
neurovascular status distally by assessing 
pulse and capillary refill followed by 
peripheral nerve sensation and motor 
function. In the setting of an absent 
pulse but well perfused peripheries, 
anatomical realignment should be 
attempted and the neurovascular 
assessment re-performed. If no change is 
seen a further repositioning into a 
comfortable and practical flexed or 
extended position may be required.  
Absent pulse but well perfused 
peripheries is well documented in 
paediatric elbow injuries due to the 
presence of collateral circulation when 
major vessels are damaged. This is an 
important clinical finding necessitating 
the requirement for transfer to an 
appropriate hospital but a reassuring sign 
of limb viability. In the setting of an 
absent pulse and poor peripheral 
circulation not improved by 
repositioning, the limb may require 
reduction of a dislocation if the clinician 
is competent to do so. The most 
important factor though remains  
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expedited transfer to an appropriate 
hospital to limit the ischaemic time. 
 
Macroscopic pollution should be 
removed, wounds covered with a saline 
soaked gauze, the limb immobilised to 
prevent further injury and create relative 
stability which will in turn reduce patient 
pain and anxiety. If available, 
consideration should be given to 
administering a single dose of IV 
antibiotics as per local open fracture 
guidelines as well as appropriate 
analgesia and tetanus vaccination if 
contamination or lapse status. Neither of 
these should prolong transfer and could 
be given en route. 
 
In cases where neurovascular injury is 
suspected, haemorrhage control, early 
involvement of a vascular surgeon and 
revascularisation within 4 hours are 
important factors to consider.   
Neurovascular status should be recorded 
per and post any intervention to allow 
comparison on arrival at hospital. 
 
CONCLUSION 
This case report describes the rare 
occurrence of open elbow fracture 
dislocation with neurovascular injury 
sustained during a soccer game.  The 
discussion reviews the literature in 
relation to open elbow dislocations and 
their management. Subsequent review 
informs clinicians of the current 
principles of pre-hospital management of 
open fractures in the sporting arena. It 
serves to remind clinicians that these 
injuries may be unexpected with 
particular mechanisms such as the one 
described, however prompt evidence-
based management is easily performed 
and remains crucial to optimise outcome. 
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