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In this issue ...

Editorial

CHRIS WHATMAN

This first edition for 2021 starts 
as always with another great 

instalment of ‘Best of British’ from Dr 
Chris Milne where he highlights topics 
of interest from the British Journal of 
Sports Medicine. 

Speaking to Chris briefly at the recent 
Sports Medicine NZ conference in 
Tauranga I once again thanked him 
for his contribution which has been 
a welcome one over 15 years, the first 
column having been published in 
volume 33, issue 1.  Keep them coming 
Chris! 

We then step into the netball world 
where Chloe McKenzie and colleagues 
look at the impact of the now common 
neuromuscular warm-up on strength. 
This is an important consideration in 
terms of underlying mechanisms for 
injury prevention. 

Next, we have an excellent review on the 
use of cannabidiol, a topic of growing 

interest in professional sports and 
one the authors suggest needs urgent 
investigation to determine safety and 
efficacy. 

Two informative case studies follow 
which I’m sure are always welcome 
reading for the clinicians, the first 
focused on wrist pain and the second on 
shoulder pain. 

Robert Ng then introduces us to the 
specialty area of sports vision, providing 
a great overview for those (such as 
myself) not familiar with this area and 
presenting some useful examples of its 
application. I’m sure this will provide 
food for thought for those working with 
athletes who haven’t been exposed to 
sports vision and the potential benefits it 
may offer. 

We finish with an informative review 
from Carmen Chan looking at iron 
supplementation in iron deficient non-
anaemic athletes.

As always, I 
am thankful to 
all the authors 
for their 
contributions 
and to all the reviewers for kindly 
providing their expertise during the 
review process.

Chris Whatman
Editor, NZJSM
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Highlights from the BRITISH 
journal of sports medicine

2019
September to December

Mass participation events attract large 
numbers of participants and with the 

increasing number of older participants, 
serious medical events can occasionally 
occur.  The rate of sudden death during 
mass endurance events varies between 0.4 
and 3.3 per 100,000 entrants.  However, 
other serious medical events such as 
exertional heat stroke or hyponatremia can 
be up to 100x higher than that of sudden 
death.  Martin Schwellnus and colleagues14 

provide a useful international consensus 
statement on definitions and methods of 
data recording and reporting.  International 
sports federations are responsible for 
running world championships, but they also 
have a role in promoting the health of their 
athletes.  Margo Mountjoy and colleagues10 

recommend greater focus by international 
federations on health issues such as 
prevention of chronic disease and post elite 
career management.  

High intensity interval training (HIIT) 
has become increasingly popular as a 
method of gaining fitness and providing 
health benefits.  Emmanuel Stamatakis 
and colleagues16 stress the economic use 
of time and recommend vigorous intensity 
activity such as climbing a few flights of 
stairs three to four times per day where 
practicable to obtain the benefits.  This is 
an attractive idea, but with high intensity 
activity also comes the sweating response 
and so this may limit its applicability in 
many workplaces.  

What is the rate of knee osteoarthritis ten 
years after ACL injury?  Marthe Lie and 
colleagues7 performed a systematic review 
of 41 studies.  They found the prevalence of 
symptomatic OA was 35% and the reported 
incidence of radiographic knee OA varied 
between 0 and 100% regardless of follow 
up time.

Femoroacetabular impingement is an 
increasingly recognised condition.  
Joanne Kemp and colleagues6 report on 
non-surgical management including 
strengthening hip abductors and improving 
lower trunk strength.  One additional non 
operative intervention I have found useful 
is provision of orthotics to reduce excess 

subtalar joint pronation and thereby reduce 
internal rotation of the hip during the 
midstance phase of gait.  This may delay 
the need for surgical management.  Acute 
lateral ankle sprains are one of the most 
common lower limb injuries.  Eamonn 
Delahunt and colleagues1 provide a useful 
infographic addressing the important issues.  
Chronic ankle instability develops due to 
the interaction of mechanical and sensory 
motor impairments.  Therefore, working on 
everter strength and proprioception is an 
essential part of rehabilitation.  

Does MRI add value in general practice 
with patients with traumatic knee 
complaints?  Nynke Swart and colleagues17 
from the Netherlands report on a one year 
randomised control trial including 356 
patients.  They found that MRI in general 
practice for patients 
aged 18 to 45 years with 
traumatic knee complaints 
was not worse but also 
not better than usual care 
regarding knee related 
daily function during 
one year follow up.  The 
study is relevant to the 
New Zealand situation as 
ACC is currently piloting 
wider availability of MRI 
scans in for appropriately 
trained GP’s in New 
Zealand.  

Relative energy deficiency is sport 
is a complex issue.  Nicola Keay and 
Alan Rankin5 provide a useful series 
of infographics describing the effect of 
cumulative energy deficit and the secondary 
endocrine dysfunction that develops.  As 
this is a complex area, these infographics are 
useful for patient education.  The Choosing 
Wisely campaign has gained significant 
momentum in recent years.  Daniel 
Friedman and Karim Khan3 discussed 
this issue and recommend selective use 
of imaging and education of patients with 
regard to potentially unnecessary medical 
tests, treatments and procedures.  We need 
to be mindful of this in our daily practice.  
Isometric exercise has been popularised for 
acute pain relief and Ebonie Rio presented 
on this topic at the SMNZ conference a few 
years ago.  Karin Silbernagel Gravare and 
colleagues4 revisited the data and found 

that their results could not be replicated 
using the same methods and outcomes 
in 20 individuals suffering from patella 
tendinopathy.  They recommend that 
clinicians should be comfortable and 
competent prescribing progressive exercise 
that fits the individual athlete and progress 
following current evidence-based principles 
of load and exercise progression.

What is the risk of sustaining an ACL 
injury whilst playing football (soccer)?  
Alicia Montalvo and colleagues8 performed 
a systematic review with meta-analysis of 
28 studies.  They found that the incidence 
rate of ACL injury amongst female 
football players over four years was 2.2x 
higher than that amongst males.  This 
was independent of participation level.  
Achilles tendinopathy is a common overuse 

injury.  Arco van der Vlist 
and colleagues19 conducted a 
systematic review and found 
risk factors included prior 
lower limb tendinopathy or 
fracture, use of Quinolone 
antibiotics, training during 
cold weather, more lateral 
foot rollover at the forefoot 
flat phase and decreased 
isokinetic plantar flexor 
strength.  Hamstring injuries 
are common in sport, and the 
Nordic hamstring exercise 

protocol has proven effective at preventing 
these.  Nicol van Dyk and colleagues20 
performed a systematic review of 15 studies 
and found that Nordic hamstring exercises 
reduced hamstring injuries by up to 51% 
across multiple sports and different athletes.  
This supports their widespread use in the 
athletic population.  

Issue 22 was produced in collaboration 
with the Australasian College of Sport 
and Exercise Physicians.  The editorial 
authored by Hamish Osborne11 was entitled 
‘Just Listen!’.  He explained that in the first 
minute of a consultation, if you just stay 
quiet, your patients will tell where they 
hurt, how it started and be quite happy 
that you actually listened to them.  We 
all need to bear this in mind in our daily 
practise.  Further to this, Mary O’Keeffe and 
colleagues12 explain that clinical education 
can change the trajectory of individuals 
with back pain.  They recommend giving 
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time and space for the patient to tell 
their story and reassuring them that low 
back pain has a positive natural history.  
It is worth emphasising that spines are 
inherently strong structures and people 
should try and lift in a natural way.  The 
end game for them is putting the person 
with the pain in the driver’s seat.  I would 
emphasise the value of 
empowering patients.  

Leisure time physical 
activity has long been 
associated with reduced 
mortality.  Min Zhao 
and colleagues22 reported 
on a national cohort 
study of 88,000 US 
adults.  They found that 
beneficial association 
between leisure time 
physical activity and 
mortality starts from 
a low dosage.  Even 
those performing 10-60 minutes per week 
of physical activity had an 18% lower 
risk of all-cause mortality.  Oral health is 
an often neglected area for athletes.  Ian 
Needleman and colleagues13 produced a 
useful infographic on this topic.  They note 
that sports drinks with high sugar content 
may promote a pro inflammatory response, 
favouring the development of gum diseases.  
Therefore, rehydrating with water or 
washing the mouth out with water after 
having a sports drink can help minimise 
intra oral effects.  Brushing twice per day 
with a fluoridated toothpaste is highly 
recommended.  It has been increasingly 
recognised that the neighbourhood 
environment can influence physical activity.  
Ding Ding and colleagues2 provide a useful 
infographic on the effects of residential 
relocation on walking, physical activity and 
travel behaviour.  They note that moving 
to activity friendly neighbourhoods may 
lead to more walking.  These findings are 
increasingly being recognised by town 
planners and hopefully will be incorporated 
into future urban planning.  

Should this systematic review and meta-
analysis change my practise?  Mervin 
Travers and colleagues18 explore this issue 
with two articles.  The first of these explored 
the treatment effect and trustworthiness.  
They encourage clinicians to consider the 
pooled estimate of the treatment effect with 
respect to whether the mean difference or 

standardised mean difference is reported.  If 
it is the standardised mean difference, it is 
important to assess what outcome measures 
have been combined in a meta-analysis.  
The second article explores the role of 
the comparator, diversity, risk advice and 
confidence.  Forest plots are widely used 
in the research literature.  Results from 

different trials may vary widely 
and a graphical expression of 
these results can be helpful to 
clinicians.  They encourage 
clinicians to read systematic 
reviews and meta-analyses 
with a critical and forensic eye. 

The final issue of the year was 
assembled in collaboration 
with the European College 
of Sports and Exercise 
Physicians.  After a stroke, 
secondary vascular risk 
reduction is critical to prevent 
a recurrence.  Cheng Wang 

and colleagues21 conducted a systematic 
review and meta-analysis of twenty studies 
including 1,031 participants.  They found 
that exercise interventions resulted in 
reduction of systolic blood pressure by an 
average of 4.3mmHg and diastolic blood 
pressure by an average of 2.58mmHg.  There 
were also reductions in total cholesterol 
but not fasting, glucose or body mass 
index.  Collectively, these changes have the 
potential to reduce the risk of recurrent 
stroke.  This is a good reason to recommend 
them.  The authors recommend starting 
an exercise programme within six months 
of a stroke or TIA incorporating health 
education.  Protein supplementation is 
frequently used to enhance muscle mass.  
Robert Morton and colleagues9 produced 
a useful infographic.  They found that 
protein supplementation improved gains 
in muscle mass by about 500g with an 
average 9% increase in strength.  Protein 
supplementation was more effective in 
people who were previously trained and 
was less effective in people over the age of 
60.  Protein supplementation beyond a total 
daily protein intake of about 1.6g/kilogram/
day during resistance exercise training 
provided no further benefit in gains of 
muscle mass.  

Roy Shephard,15 Canadian researcher, 
re-examined the data on the association 
between heavy occupational work and 
cardiac health.  The epidemiologists of the 

1980’s and earlier pointed out a favourable 
association between a physically demanding 
job and the risk of premature death.  A 
recent meta-analysis has cast doubt on 
the original data.  Shephard concluded 
that the choice of articles for the meta-
analysis probably skewed the results.  
Cigarette smoking and socioeconomic 
status are major determinants of premature 
mortality and both are associated with 
heavy work.  The early epidemiological 
studies had the important advantage of 
making comparisons within a single work 
force.  These minimised the impact of 
socioeconomic status and related lifestyle 
characteristics.  Therefore, he concludes 
that all other things being equal, being in 
a physically demanding job can lead to a 
longer life.

That concludes this instalment.  
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2020
January to April 

The January edition of BJSM started 
with a provocative article titled, 

‘Neovascularisation in Tendinopathy: 
From Eradication to Stabilisation’, by Tero 
Jarvinen.14  He translates data from cancer 
biology explaining that hypoxia induced new 
vessels are extra permeable.  In essence, they 
leak and do not provide proper perfusion 
of tissues.  He therefore proposes that it is 
somewhat counterintuitive to assume that 
eradication of new vessels – those originally 
induced by cells struggling to survive under 
hypoxic conditions – could offer a viable 
long term solution for tendinopathy.  It may 
well just worsen the underlying condition.   
Food for thought.  Alan Vernec, the medical 
director of WADA and colleagues24 wrote 
an excellent article on glucocorticoids in 
elite sport.  These substances 
are the focus of much 
controversy.  There are 
concerns regarding their side 
effects and the possibility 
of enhanced athletic 
performance in limited 
settings.  Where systemic 
glucocorticoids are medically 
necessary, therapeutic use 
exemptions may be granted 
after careful evaluation by 
a TUE committee.  This 
article will provide a useful 
overview of the problem with 
treatment recommendations from major 
event organisations and professional sports 
leagues.  There was another provocative 
article later in the issue entitled ‘Wild Goose 
Chase – No Predictable Patient Subgroups 
Benefit from Meniscal Surgery’, written by 

Kenneth Pihl and colleagues.18 It describes 
641 patients undergoing arthroscopic 
meniscal surgery in Southern Denmark.  
They found no clear predictable patient 
subgroups that would benefit.  Those factors 
that tended towards a predictive feature 
included no previous meniscal surgery on 
the index knee and more severe preoperative 
knee related symptoms. 

Do antioxidants prevent or reduce muscle 
soreness after exercise?  Mayur Ranchordas 
and colleagues19 conducted a Cochrane 
systematic review.  They found moderate 
to low quality evidence that high dose 
antioxidant supplementation did not provide 
a clinically relevant reduction of muscle 
soreness.  People with knee osteoarthritis 
are frequently prescribed exercise.  Alessio 
Bricca and colleagues5 produced a useful 
infographic explaining that therapeutic 
exercise is safe for articular cartilage and 
may actually improve articular cartilage 
health.  This is worth emphasising to our 
OA patients.  Tramadol is a powerful 
analgesic and there is debate regarding 
whether it should be banned in athletes 
while competing.  Joao Baltazar-Martins and 
colleagues3 produced a useful infographic 
based on data obtained from drug testing 
results.  They found that of the 900 samples 
in 2017 obtained in competition with greater 
than 50 nanograms/ml of Tramadol, cycling 
accounted for 61% of all of the samples.  The 
remainder were spread amongst all of the 
other sports.  On receipt of this information 
the International Cycling Federation (UCI) 
banned Tramadol in cycling competitions 

from 1 March 2019.  There 
were concerns that it 
might be affecting cyclists’ 
safety because of dizziness 
and loss of alertness.  
These factors are worth 
bearing in mind for all 
our patients for whom 
Tramadol is prescribed.  

Issue 3 in February 2020 
highlighted the IOC World 
Conference on Prevention 
of Injury and Illness in 
Sport.  This had to be 
postponed for over a year 

due to the coronavirus pandemic.  Can the 
vertical drop jump test be used to predict 
the risk of ACL injury?  Anne Mortvedt 
and colleagues16 examined 152 video clips 
of elite female handball and football players 
performing this test.  They concluded that 
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assessors have a poor predictive ability, 
no better than chance, so this remains 
a poor test for predicting ACL injury 
risk.  Sleep disorders are very common in 
athletes.  Claudia Reardon and colleagues20 
produced a useful infographic showing that 
49% of Olympic athletes were classified as 
poor sleepers.  They 
recommended tracking 
and monitoring of 
sleep, encouraging 
healthy sleep as part of 
the training protocol 
and scheduling training 
around sleep and 
circadian rhythms.  
Sleep problems were 
compounded by travel 
across multiple time 
zones which is common 
for athletes travelling 
from New Zealand to 
major overseas competitions.  Therapeutic 
use exemptions are granted so that athletes 
can have access to medications that are 
medically necessary to treat illness.  Even if 
those medications that are on the prohibited 
list.  Strict criteria apply.  Professor Ken 
Fitch,10 who is one of the leading figures in 
anti-doping, evaluated the use of TUE’s.  He 
concluded that ensuring a level playing field 
is a fundamental principle of antidoping 
and that we should never forget those years 
of systematic doping and sporting successes 
by athletes of the former East Germany who 
denied so many clean athletes the chance of 
Olympic medals.  

Blood borne pathogens have potential risks 
for athletes.  The American Medical Society 
for Sports Medicine recently updated its 
position statement.  Christopher McGrew 
and colleagues15 produced a useful five-
page document with 117 references.  They 
concluded that the risk of transmission 
for any blood borne pathogen in the 
athletic setting is minute, but that standard 
precautions should be followed by anyone 
providing care to athletes.  Later in the 
same issue, the American Medical Society 
for Sports Medicine produced a position 
statement on mental health issues in 
athletes.  Written by Cindy Chang and 
colleagues,7 it provided a useful overview 
of this important area with 68 references.  
Travelling athletes are particularly prone 
to illness that may keep them out of 
competition.  Martin Schwellnus and 
colleagues23 studied athletes from six South 

African Super Rugby teams from 2010 to 
2016.  They instituted certain preventive 
strategies including discouraging sharing 
of utensils or water bottles, ensuring good 
sleeping habits, regular hand washing and 
use of hand gel plus early reporting of 
symptoms and early isolation of players 

at the onset of symptom 
development.  These measures, 
amongst others, resulted in a 
50% reduction in acute illness 
during the period of follow 
up once the interventions 
were applied.  This is pretty 
compelling evidence for this 
strategy. 

Issue 5 was notable for 
promoting achievements of 
sports physiotherapy specialists.  
In particular, our own Jacinta 
Horan from Tauranga, has 
provided a model of excellence 

in sports physiotherapy and has been 
duly recognised for that.  The issue was 
discussed by Blair Jarratt13 in the warm-
up page to Issue 5.   Mental health issues 
have assumed increasing importance 
in recent years.  Melanie Beland and 
colleagues4 conducted a meta-analysis 
of the effect of exercise.  They included 
24 studies with 4,111 patients and found 
that aerobic exercise alleviated depressive 
symptoms in patients living with a major 
non communicable disease, particularly in 
cardiac populations.  New Zealand Rugby 
has been proactive in managing concussion 
in its players.  Danielle Salmon and 
colleagues21 provided a useful infographic 
on the management pathway.  This attempts 
to close the loop between 
suspected concussion 
recognition and return 
to play following medical 
clearance.  A subsequent 
article with infographic by 
the same authors including 
our own Chris Whatman 
described the Rugby Smart 
initiative.22  This provides 
a useful model for other 
sports to adopt.  

Can caffeine help your 
exercise performance?  
It would seem so.  Jozo 
Grgic and colleagues11 provided a useful 
infographic including 21 meta-analyses.  
They concluded that caffeine was ergogenic 

for a broad range of exercise tasks including 
aerobic endurance, muscle strength, muscle 
endurance and anaerobic power.  The 
recommended dosage is two cups of coffee 
consumed about one hour before exercise.

Can weight training influence cardio 
metabolic health outcomes?  Ruth Ashton 
and colleagues2 looked at 173 trials and 
concluded a positive effect of weight 
training on blood pressure, insulin 
resistance and fasting insulin levels.  They 
caution that the quality of evidence was 
relatively low.  There was limited evidence 
of adverse effects, however, which is good 
news.  Subclinical coronary artery disease is 
common in veteran athletes.  Helder Dores 
and colleagues9 studied 105 asymptomatic 
male athletes aged over 40 years with low 
to moderate cardiovascular risk.  They 
found abnormal exercise testing in 12.4% 
of athletes.  They recommend inclusion of 
more objective data particularly that derived 
from cardiac CT scanning to provide more 
accurate cardiovascular risk stratification 
for these athletes.  Exercise in pregnancy has 
long been shown to provide better health 
outcomes for both mother and baby in 
most circumstances.  Margi Davenport and 
colleagues8 produced a useful infographic 
entitled, ‘Prenatal Physical Activity:  Baby 
Steps for Better Health’.  Exercise helped 
reduce the incidence of gestational diabetes, 
hypertension and depression compared with 
those women who did not exercise.

Relative energy deficiency in sport (RED-S) 
is an important and challenging condition.  
Kathryn Ackerman,1 who was an invited 
speaker at the 2019 SMNZ conference, 
and colleagues provide a useful summary 

of this condition.  The aim 
is to improve awareness of 
the condition amongst all 
those who are involved with 
athlete training or medical 
care.  In particular, they 
recommend a revolution in 
sport culture and awareness 
regarding energy availability 
so that athletes can be more 
healthy and perform better. 

Can head impact sensors 
help via medical engineers 
to design better head gear?  

Lyndia Wu25 found that the sensors may 
provide valuable estimates as to exposure 
statistics over time, but they do not provide 
the high accuracy necessary to measure 
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accelerations of individual impacts that 
may cause injury.  Glucocorticoids are 
frequently prescribed by doctors working 
in high performance sport.  David Hughes 
and colleagues12 studied the prescribing 
habits of 603 sports medicine doctors from 
30 different countries.  They concluded 
that although these medications are widely 
prescribed by sports physicians, there 
is a great variation in how long before 
competition the use of glucocorticoids 
would cause the doctor to consider applying 
for a TUE.  Further research is needed to 
clarify clearance times for glucocorticoids 
administered by a variety of roots.  The Nike 
Vaporfly has been used by runners who have 
broken world records in endurance events 
in the past three years.  Geoffery Burns and 
Nicholas Tam6 asked the question, ‘Is it 
the shoe?’.  They conclude that a standard 
for maximal shoe mid sole thickness 
would provide a simple robust enforceable 
regulation for footwear in athletics.  It would 
prevent running competition from devolving 
into an arms race of larger and more 
complex shoes and retain the essence of the 
competition for what it is – a foot race.  

Can resistance training be used for older 
people with peripheral artery disease?  It 
would seem so.  Belinda Parmenter and 
colleagues17 conducted a meta-analysis 
of 15 trials including 826 patients.  They 
concluded that resistance training clinically 
improved treadmill and flat ground walking 
ability in people with peripheral artery 
disease.  Higher intensity training was 
associated with better outcomes.  

That concludes this issue.  Another update in 
a few months’ time.  
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Warm-up on isokinetic strength in youth netball
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ABSTRACT
Aim

The aim of this study was to investigate the effect of the NetballSmart Dynamic Warm-up on isokinetic knee strength in 

female youth netball players. 

Method

Secondary school netball players (n=23) participated in a seven-week intervention study. Isokinetic dynamometry was 

used to assess concentric and eccentric peak torque measures of the right leg during seated knee flexion and extension 

actions at 60%. 

Results

There were no significant differences found between pre- and post-measures in peak torque, angle of peak torque and 

hamstrings-to-quadriceps ratio. 

Conclusions

There was no improvement in knee strength after performing the NetballSmart Dynamic Warm-up. This could indicate that 

the programme does not contain sufficient stimulus to improve isokinetic knee strength in female youth netball players.

Keywords

Netball, ACL injury, eccentric strength, quadriceps to hamstring ratio

Introduction

Weakness about the knee, in particular 
the hamstring, has been shown to be 

associated with increased anterior cruciate 
ligament (ACL) injury risk in female athletes.1 
The combination of increased internal tibial 
rotation, greater quadriceps activity, and low 
hamstring to quadriceps ratio while landing 
could contribute to the explanation of why 
female athletes have a higher incidence of 
non-contact ACL injuries.2  Netball is an 
intermittent court sport, that is predominantly 
played by females, involving explosive 
movements such as sprinting, cutting, change 
of direction, and jumping.3  Court restrictions 
confine players to positional areas of the 
court, often requiring players to abruptly 
stop to avoid going off-side. Additionally, 
upon receiving a pass, a player must rapidly 
decrease horizontal velocity to come to a 
complete stop to avoid violation of the unique 
footwork rule (players are not allowed to step 
once in possession of the ball).4 To perform 
such movements, deceleration capability is 
required. 

During deceleration, the forces applied to the 
body can be very large, especially when the 
time over which these forces are absorbed 
is short.5  Deceleration requires the muscles 
to act like a shock-absorbing structure or 
brake by eccentrically contracting.6,7  The 
muscle-tendon unit assists in the dissipation, 
or temporary storage of energy during 
deceleration.7   Injury can occur when the 
forces needed to decelerate the body are 

greater than the muscle-tendon unit can 
tolerate.7  Recurring hamstring injury has 
been associated with greater impairment of 
eccentric strength, compared to concentric 
strength, suggesting improvements in 
eccentric strength may reduce injury 
risk.7  Eccentric strength training can lead 
to increases in tendon stiffness and an 
improved ability to absorb energy at the 
musculotendinous junction; as well as 
enhanced muscular strength, power and 
jumping, and sprinting performance.6,7 

To help prevent injury and improve 
performance in netball, Netball New Zealand 
have implemented a warm-up programme 
(NetballSmart Dynamic Warm-up). The 
programme includes a strength component 
intended to improve the players’ quadriceps, 
hamstrings and core strength; consisting of 
exercises such as Nordic hamstring, prone 
holds, squats, and lunges. Similar warm-up 
programmes, completed two to three times 
per week, have been shown to decrease lower 
limb injuries by at least 40%.8 Currently there 
is no research investigating the effect of the 
NetballSmart Dynamic Warm-up on knee 
strength. Therefore, the aim of this study was 
to determine if the NetballSmart Dynamic 
Warm-up can improve isokinetic knee 
strength in youth netball players.

Methods

Participants
A total of 23 female youth netball 
players (mean ±SD: age=13.09 ±0.29 yr, 

height=165.74 ±5.98 cm, body mass=52.87 
±9.02 kg) were recruited through local 
secondary schools. Data for this cross-
sectional study were collected from two teams 
in one school as a component of a larger study 
(involving five schools) investigating the 
effects of the warm-up on a range of physical 
performance measures. All participants 
were training and competing in a netball 
programme and were healthy and free from 
injury in the last six months. The warm-
up was delivered by a qualified trainer 2x 
per week before training, and 1x per week 
by the team coach before games. Prior to 
participation, all participants and guardians 
were fully informed of the experimental 
procedures before giving their informed 
consent and assent. This study was approved 
by the Auckland University of Technology 
Ethics Committee. 

Design
This study used a single group intervention 
design. Isokinetic data was collected one week 
before and one week following a seven-week 
intervention. The warm-up programme 
was performed three times each week. The 
warm-up programme consisted of four parts: 
Part A- strength and balance exercises; Part B- 
running exercises at slower speeds and some 
controlled partner contact; Part C- dynamic 
preparation exercises, including dynamic 
stretches and plyometric movements; and 
Part D- netball specific exercises involving 
running at faster speeds, cutting and stopping. 
The warm-up took approximately 15 to 20 
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minutes to complete per session. For full 
details of the warm-up see the manual and 
instructions which are freely available on the 
Netball New Zealand website (http://www.
netballnz.co.nz/Downloads/Assets/41254/1/
Dynamic%20Warm-up.pdf)

Methodology
Following a standardised warm-up, a Humac 
Norm dynamometer (Lumex, Ronkonkoma, 
NY, USA) was used to assess isokinetic knee 
extensor and flexor strength of the right 
leg. Participants were seated and strapped 
to the device with the lateral femoral 
epicondyle aligned with the dynamometer 
axis of rotation.9  A 90⁰ range of knee motion 
(0⁰=full extension) was set for all tests 
and gravity adjustments were made.10  The 
testing protocol consisted of concentric and 
eccentric actions at a fixed angular velocity 
of 60°/s (5 repetitions).  Familiarisation 
required three movements at an individually 
perceived 75%, 90% and 100% of maximum 
exertion at each position.11 Verbal feedback 
was given to each participant to encourage 
maximum effort at each trial. Participants 
had 45 to 60 s rest between each trial. As per 
previous research,11 torque-angle curves with 
a fourth-order polynomial were fitted using 
a custom-made LabView program (Version 
11.0, National Instruments Corp, Austin, 
TX, USA) to identify peak torque and the 
angle of peak torque using the averages of the 
last 4 repetitions. Hamstring-to-quadriceps 
ratios (H:Q ratio) were calculated by dividing 
the concentric peak flexion torque by the 
concentric peak extension torque using Excel 
(2010, Microsoft, Redmond, WA, USA).

Statistical analysis
The Statistical Package for the Social 
Sciences (SPSS) (IBM SPSS Statistics v. 25; 
IBM Corporation, Chicago, IL) was used to 
perform all analyses. Normality was tested 
using the Shapiro-Wilk test and by visual 
review of histogram graphs. Data was not 
normally distributed and therefore the 
non-parametric Wilcoxon Signed Rank Test 
was used to determine pre-post differences 
in all measures. Mean differences with 95% 
confidence intervals and Hedges’ g effect sizes 
(ES) were reported (Table 1). The following 
scale was used to interpret the ES’s 0.2-
0.59 (small), 0.6-1.19 (moderate), 1.2-1.99 
(large), 2.0-3.99 (very large), >4 (extremely 
large).12  The threshold of p<0.05 for statistical 
significance was set for all analyses.

Results
All results are presented in Table 1. No 
significant effect of the intervention was 
found between pre-and post-knee peak 

torque measures. The H:Q ratio was also 
non-significant. Additionally, there were 
no significant changes in the angle of peak 
torque. The overall compliance rate for 
completing the warm-up at least once per 
week was 65%.

Discussion
The main findings of this study were that no 
improvements in concentric and eccentric 
knee peak torque or angle of peak torque 
were observed after the introduction of 
the NetballSmart Dynamic Warm-up in 
female youth netball players. These findings 
are in agreement with a previous study 
in competitive female football players of 
a similar age (17.1 ±0.8 yr) that did not 
show improvements in knee concentric and 
eccentric maximal strength after 10 weeks 
of the FIFA 11.13  The authors concluded the 
training volume, intensity and progression 
may have been insufficient to elicit strength 
improvements and this is also a likely 
explanation for the non-significant findings 
in the current study. As with the current 
study, the authors also suggested the strength 
testing procedures may not have detected all 
potential strength gains. Additionally, only 
67% of participants attended all of the warm-
up sessions which further reduces the training 
stimulus.

Previous studies have shown improvements 
in knee strength after a similar warm-up 
programme, the FIFA 11+.14,15  Concentric 
hamstring strength in young professional 
male football players (mean age 19 years) 
increased after 24 sessions of the FIFA 
11+.14 Quadriceps concentric and hamstring 
concentric and eccentric strength was also 
found to improve in adolescent male futsal 
players after 12 weeks of the FIFA 11+.15 

In comparison to the current study, both 
studies involved adolescent male futsal or 
football players. Therefore, the differences in 

findings may be due, in part, to gender, age 
and training experience. As the NetballSmart 
Dynamic Warm-up is based on the FIFA 
11+, the programmes contain similar 
exercises; however, there are differences in 
the prescription of the exercises between the 
programmes. The FIFA 11+ has more sets 
and repetitions compared to the NetballSmart 
programme, increasing the volume and 
intensity of each exercise. For example, FIFA 
11+ prescribes two sets of squats and walking 
lunges and 12-15 repetitions of hamstrings 
strengthening exercises, whereas NetballSmart 
prescribes one set and 7-10 repetitions, for 
the respective exercises. Therefore, if one 
intention of the NetballSmart programme is 
to improve maximal effort strength as well as 
prevent injury, the design of the programme 
needs to contain the correct training stimulus 
to promote this. Although this study did 
not show improvements after a seven-week 
programme, we suggest further research 
addressing the short-term nature, low 
player compliance, and training volume and 
intensity of this intervention.

Practical applications
These findings suggest a greater training 
stimulus is needed to produce improvements 
in knee strength. This could be achieved by 
adding more sets, with adequate rest time, to 
exercises during each training session. This 
would increase the overall volume of the 
exercise. It is also important to ensure the 
exercises are being performed correctly. As 
the participants in this study were younger, 
untrained female netball players, it is possible 
the movements were not being performed 
with maximal effort (low intensity). Therefore, 
it is important to have a coach or qualified 
trainer who understands the exercise and 
correct technique when required. If such 
training protocols are designed to help 
improve performance, players and coaches 

Variable Pre Test
Mean ±SD

Post Test
Mean ±SD

Difference
Mean + 95% CI

ES
Hedge’s g

P value

Knee peak torque (N.m)

Concentric Flexion 54.88 ±15.23 53.28 ±14.38 -1.60 (-5.0 to 1.8) -0.11 0.27

Concentric Extension 103.60 ±24.73 103.81 ±22.44 0.22 (-4.7 to 5.1) 0.01 0.90

Eccentric Flexion 71.10 ±20.50 69.85 ±22.20 -1.25 (-5.8 to 3.3) -0.06 0.35

Eccentric Extension 127.18 ±40.17 117.00 ±28.68 -10.18 (-21.9 to 1.6) -0.29 0.08

Angle of peak torque (degrees)

Concentric Flexion 41.51 ±15.52 37.88 ±15.03 -3.63 (-10.0 to 2.7) -0.23 0.25

Concentric Extension 66.96 ±6.40 62.66 ±7.62 -4.30 (-7.6 to -1.0) -0.60 0.14

Eccentric Flexion 34.53 ±12.82 34.23 ±16.38 -0.30 (-7.2 to 6.6) -0.02 0.93

Eccentric Extension 66.37 ±10.85 59.22 ±13.40 -7.15 (-14.9 to 0.5) -0.58 0.07

Hamstrings:quadricep ratio 0.53 ±0.11 0.52 ±0.09 -0.02 (-0.06 to 0.02) -0.10 0.25

Values are mean ±SD; ES=effect size; CI=confidence interval

Table 1:  Mean pre-post differences (n=23)
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may be more encouraged to participate in 
the programme with the potential for higher 
player compliance. Coaches may also be 
able to create ways to ensure the exercises 
are engaging to ensure youth athletes engage 
in higher intensity exercises. For example, 
allowing the athletes to lower for longer 
during the Nordic hamstring will increase 
the length of the muscles and increase the 
intensity.16

Readers need to be aware that although this 
study focused on gains in knee strength 
there are several other potential benefits 
to undertaking the NetballSmart Dynamic 
Warm-up (improved balance and landing 
technique for example) and there is 
preliminary evidence it can improve prone 
hold and jump performance.17 Additionally, 
the true efficacy of the NetballSmart Dynamic 
Warm-up requires a study of its effects on 
injury rates and given the multifactorial 
nature of injury risk it may be that injuries can 
be reduced without gains in knee strength. 
Finally, study limitations including a relatively 
small sample size and low compliance need 
to be acknowledged when interpreting the 
results.

Conclusion
There was no improvement in knee strength 
after performing the NetballSmart Dynamic 
Warm-up. This could indicate that the 
programme does not contain sufficient 
stimulus to improve isokinetic knee strength 
in female youth netball players.
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INTRODUCTION

Cannabidiol, or CBD, is one of over one 
hundred compounds derived from the 

marijuana and hemp plants.1 However, unlike 
tetrahydrocannabinol (THC), cannabidiol 
contains no psychoactive properties.2 

Furthermore, it is regarded as a safe, non-
addictive substance with no evidence to 
suggest cannabidiol carries a potential for 
abuse with no known adverse effects on 
health.2-4 Until 2018, the World Anti-Doping 
Agency (WADA) prohibited the use of 
cannabidiol in professional sports. Since 
its legalisation for athletes in competitive 
sports,5 it is well-known that an increasing 
number of athletes are turning to cannabidiol 
products to aid their recovery and improve 
their performance. Athletes from a multitude 
of sports are promoting cannabidiol, with 
both athletes and sporting bodies signing 
multi-million-dollar sponsorship deals.6 
Famous athletes like Mike Tyson are 
becoming entrepreneurs and starting their 
own cannabidiol companies.7 These bring 
cannabidiol into the public eye, further 
increasing product awareness and opening 
the door for potential research. Podcasts, 
documentaries, blogs and increasing literature 

discussing cannabidiol and its purported 
benefits are ever-increasing, however there is 
a common theme that there is little literature 
to support its applications specifically within a 
sporting context. 

Countries around the world have varying 
rules and regulations on restricting public 
access to cannabidiol. Countries such as 
New Zealand for example only allow access 
to cannabidiol products via prescription,8 
where the products available on prescription 
have previously been too expensive, therefore 
limiting access.9 Other countries such as Great 
Britain and USA commonly sell cannabidiol 
products in unregulated markets, most often 
advertised and sold as supplements, thus 
carrying an inherent risk of contamination 
and mislabelling.10 Additionally, global 
views and political climates on marijuana 
have meant very few clinical trials have 
been performed on compounds such as 
cannabidiol, making it difficult for clinicians 
to recommend cannabidiol products, its 
potential uses, dosages or product safety. As 
it currently stands, for example, the National 
Institute for Health and Care Excellence 
guidelines (NICE) are still only in the 
development stages of producing guidelines 

on the use of cannabidiol products for the 
treatment of seizures in the UK,11,12 with 
the National Health Service in the UK  not 
recommending cannabidiol for any other 
conditions.13

Some of the purported benefits of 
cannabidiol include; pain relief, reduction 
of inflammation, reducing anxiety and 
depression,2,14,15 the potential to provide 
neuroprotection16,17 and  improve fracture 
healing times.18 However, there is currently a 
paucity of traditional literature addressing the 
role of cannabidiol in sports, despite it being 
a legal product under the WADA code while 
other natural and synthetic cannabinoids 
remain strictly prohibited (37). This suggests 
that a wide-ranging review of available 
literature and information sources would 
be of interest to both athletes and the wider 
sports and exercise medicine community. 
This scoping review will focus on the use of 
cannabidiol in professional sports as it would 
appear the purported benefits are already 
being realised by athletes around the world. 

All athletes regardless of level of participation, 
however, need to be able to make informed 
decisions on supplements they intend to 
use, especially when they risk taking tainted 
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supplements. With the evident interest by 
professional sportspersons in the use of 
cannabidiol it is appropriate to investigate 
literature relating to this group of athletes 
in the first instance. The scoping review 
methodology19 provides an ideal forum to 
locate and collate this information.  

METHODS
The five-stage scoping review process 
proposed by Arksey and O’Malley was 
adopted for this study.19 A scoping protocol 
was chosen for this review as the nature 
of the review allows for the mapping and 
examination of emerging “evidence” on a 
topic which may reveal very little available 
literature.20 The PRISMA-ScR checklist was 
also used in the design and reporting to 
validate the methodology and reporting of 
the review.21 

Study selection
Step 1: Identify the research question 

Considering this is a relatively new area of 
research with potentially very little literature 
available, a research question was formulated 
to encompass any potential literature specific 
to the topic:

What is the current literature on the use 
of cannabidiol (CBD oil) on pain and 
inflammation in professional sports? 

Step 2: Identifying relevant studies 

Studies meeting the following inclusion 
criteria were considered for review;
1	 All study designs including reviews, 

opinions and blogs pertaining to the use 
of cannabidiol in any sport at any level of 
participation, involving people of any age 
or gender.

2	 All texts written in English with no 
restriction on date of publication.

3	 All texts regarding any physical and/
or mental health condition pertaining 
to pain and/or inflammation and/or 
recovery within a sporting context.

Studies were excluded based on the following 
exclusion criteria;
1	 Records which were not accessible within 

the timeframe of the study (cut-off 1st 
September 2019).

2	 Records which were not specifically 
relevant to the use of cannabidiol in 
sports or were considered commercial 
material.

3	 Records specific only to marijuana, 
medical marijuana or THC in sports. 

Search strategy and databases 

A limited search of the Scopus search 
engine was conducted on 1st August 2019 
using basic, broad search terms to identify 
potential literature and identify key index 

terms surrounding the use of cannabidiol 
in sports for pain management. The search 
strategy was designed in in consultation with 
an experienced health sciences librarian.

Key search terms were: “CBD oil OR 
Cannabidiol AND sport* OR player* OR 
athlete* AND pain”

A further search was also performed on 
the World Anti-Doping Agency website5 

to find any potential supporting literature 
on cannabidiol. This would serve as a point 
of reference for effectiveness of the search 
strategy. 

The initial search results suggested that 
the literature may not focus entirely on 
cannabidiol and pain management, and 
that there may be additional literature 
on cannabidiol and inflammation, and 
cannabidiol on pain and inflammation. The 
initial search also revealed additional terms 
which could directly replace those used 
within the initial strategy. For example;
1	 Cannabidiol/CBD oil may not necessarily 

consider medical cannabis, medical 
marijuana, cannabis, marijuana or 
hashish. Thus, the scope of the search 
was broadened to include these terms. 

2	 Pain was too specific and did not 
consider pain relief, pain management, 
and analgesia or pain control. 

3	 Inflammation was not considered at all 
in the initial search, and so “inflam*” was 
included for its own niche search. 

Three individual searches were therefore 
performed on three traditional white 
literature databases to encompass all 
potential literature on the use of cannabidiol 
for pain, inflammation and pain and 
inflammation. All sports and all levels of 
participation were considered for the search 
as narrowing the search to professional 
sports only may not have produced any 
results. The three databases chosen for 
the white literature search were; Scopus, 
SPORTDiscus and Web of Science. These 
databases were specifically chosen because 
of their access to other search engines: 
Scopus and Web of Science databases access 
PubMed, Medline and Embase databases, 
thus, the proposed search strategy essentially 
covered five peer-reviewed databases which 
was considered to be a comprehensive 
search, and a manageable workload within 
the time constraints of the study. 

The three individual searches are described 
below;
1	 Pain only:
	 Cannabidiol OR CBD OR “medical 

cannabis” OR “medical marijuana” OR 
marijuana OR cannabis OR hashish 

AND Sport* OR player* OR athlete* 
AND pain OR “pain relief ” OR “pain 
management” OR analgesia OR “pain 
control”

2	 Inflammation only:
	 Cannabidiol OR CBD OR “medical 

cannabis” OR “medical marijuana” OR 
marijuana OR cannabis OR hashish 
AND Sport* OR player* OR athlete* 
AND Inflam* 

3	 Pain AND Inflammation:
	 Cannabidiol OR CBD OR “medical 

cannabis” OR “medical marijuana” OR 
marijuana OR cannabis OR hashish 
AND Sport* OR player* or athlete* 
AND pain OR “pain relief ” OR “pain 
management” OR analgesia OR “pain 
control” OR inflam*

As there may be limited information 
available in published literature, a search 
of the grey literature was also performed 
in order to gather the most current sources 
of information.22 Full details of each search 
strategy can be found under Appendix 1. To 
begin with, a basic search was performed 
on the ProQuest Dissertations & Thesis 
search engine to determine if there was 
any published or unpublished material 
relevant to the research question. Following 
this, five clinical trial databases were 
searched for any potential clinical trials or 
registered protocols. These were PubMed, 
the Cochrane Library, the World Health 
Organization International Clinical Trials 
Registry Platform Search Portal, Australian 
New Zealand Clinical Trials Registry 
(ANZCTR) and ClinicalTrials.gov. These 
clinical trial databases were chosen as they 
were able to search a wide field and were 
easily accessible within the timeframe of the 
study. 

Finally, a Google blog search was performed 
to locate any potential blogs relevant to 
the research question. Details of the search 
strategy can be found in Appendix 1.    

Step 3: Study selection

All identified records were uploaded to 
Microsoft Endnote (Version X9.2) according 
to each database and then collated into one 
compiled results folder. Duplicates were 
manually removed. Titles and abstracts 
were reviewed by the lead author (BV), with 
full texts reviewed only when relevance 
according to the title and/or abstract to the 
research question was unclear. It has been 
previously reported that scoping reviews are 
known to be iterative in nature as researchers 
become more familiar with the data.19 It 
became apparent that some documents 
sourced in the search were not appropriate 
for inclusion in this scoping review – namely 
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commercial material. As such, the inclusion 
criteria were modified accordingly to discard 
commercial material. 

Step 4: Charting the data

A basic charting table was developed using 
Microsoft Excel to record and assimilate 
extracted data. This data included title, 
author(s), date of publication, and a brief 
summary of each article. This allowed for a 
second Microsoft Excel charting table to be 
drawn to record recurring themes which were 
identified within the texts by the lead author. 

Step 5: Collating, summarising and 
reporting the results 

Each source was examined and read several 
times by the lead author (BV). Phrases 
and references to the use of cannabidiol 
were highlighted in the text and confirmed 
following a re-read of the article. Themes 
which emerged were documented on an Excel 
document, then each source was re-examined 
to confirm if it potentially discussed any 
of the key themes.23 One example was the 
potential for cannabidiol to be effective for 
athlete recovery. The key themes were then 
recorded and tabulated so that grand totals 
could be calculated to determine the three 
most discussed themes. Although the study 
was specifically looking for sources discussing 
the use of cannabidiol as a recovery agent, 
there was no confirmation bias and so 
a variety of themes were considered for 
discussion. 

RESULTS 
The initial white literature search identified 
175 records as illustrated in Figure 1. After 
duplicates were removed, 70 records remained. 
A further seven records were removed due 
to being written in a language other than 
English. The resulting 63 records were screened 
to determine if they met the study criteria 
for inclusion, 33 did not meet the criteria 
(irrelevant) and were thus excluded. A further 
20 records were not specific to the research 
question but either reported on marijuana in 
sports or contributed nothing to the search 
topic and so were excluded. Three further 
records were removed as they were commercial 
material. A final four records were excluded 
as they could not be accessed within the 
timeframe of the study, as this was written as 
part of a master’s degree. 

A total of three records were included from 
the white literature search. This resulted in 
three magazine articles published between 
2017 and 2019 being retained for analysis. 
These are presented in Table 1.  

A basic search was performed on the 
ProQuest Dissertations & Thesis search 

engine which returned 79 results. Following 
screening, no records were found to be 
relevant and this search concluded. Five 
clinical trial databases were searched for 
potential clinical trials. Cochrane Library 
yielded one result, with the search engine 
“ClinicalTrials.gov” a further 578. After 
screening, no results were found to be 
relevant to the current study. A Google blog 
search yielded an incredibly large number 

of results. Therefore, for pragmatic purposes 
the first four pages of results were considered 
for inclusion in the current review, each page 
consisting of 10 blog articles. After eligibility 
assessment, a total of 30 blogs were included. 
The blog results can be seen under Table 2.

Overall, the search strategy identified 33 
eligible records relevant to the research 
question “What is the current literature on 

scoping review

Study Source Type Purpose

Averill, G.  Why Athletes Are Ditching Ibuprofen for 
CBD. Outside. 2018:42-424

Magazine Article Narrative review on benefits of CBD from the 
perspective of a professional athlete

Beall, J. Players are using and endorsing CBD, but 
the PGA Tour is wary. Golf Digest. 2019;70(8):6825

Magazine Article Narrative review on the benefits of CBD and 
use in the PGA Tour.

Lee, C. The Need for Weed. Men’s Fitness. 
2017;33(3):96-10126

Magazine Article Narrative review on the benefits of CBD and 
use in a variety of sports.

Table 1:  White literature Search Results
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the use of cannabidiol (CBD oil) on pain 
and inflammation in professional sports?” 
Nine recurring themes appeared across 
the 33 eligible records – full details can be 
seen under Table 3. The themes included 
purported use of cannabidiol [for]:

1	 Recovery. 

2	 Reducing pain.

3	 Reducing inflammation.

4	 Reducing anxiety. 

5	 Improving sleep.

6	 Reducing stress.

7	 Although there is poor supporting 
evidence for its use.

8	 As it has no psychoactive properties.

9	 As a natural/safer alternative to more 
commonly prescribed medication(s) 
such as NSAIDs and opioid based pain 
killers. 

As Table 3 shows, the three most common 
themes for the use of cannabidiol were; the 

use of cannabidiol in reducing pain, as a 
recovery agent, and as an anti-inflammatory. 
The least common themes identified 
included using cannabidiol to improve sleep, 
the lack of evidence supporting the use of 
cannabidiol and the use of cannabidiol to 
reduce anxiety.

DISCUSSION
The scope of this review was to map and 
report on any current and existing literature 
on the use of cannabidiol in professional 
sports by searching both the white and grey 
literature for sources of information. The 
key themes that emerged from the literature 
search are discussed in the following 
paragraphs, with focus primarily on the 
three most common themes; cannabidiol 
for reducing pain, as a recovery agent, and 
for reducing inflammation. Other themes to 
appear in the literature, such as cannabidiol 
improving sleep or reducing anxiety, are 
not discussed due to comparatively little 
supporting literature.

Cannabidiol for reducing pain
The most common theme was the “use 
of cannabidiol for reducing pain” which 
was referenced in 24 blogs and all 3 
white literature records. All three white 
literature records were magazine articles, 
traditionally regarded as low quality 
evidence, published in what appear to be 
non-peer reviewed journals.24-26 Each record 
quoted anecdotally the pain-relieving 
properties of cannabidiol.24-26 One article’s24 
statements were further supported by two 
references: the first, a review published 
in 2008 of preclinical studies and animal 
trials by a pharmaceutical company which 
found the use of cannabidiol successful 
for pain management without any adverse 
side effects.24 The second, an animal study 
published in 2016 which found cannabidiol 
to be effective in reducing pain and 
inflammation in arthritic rats.37 While 
neither study was specific to cannabidiol use 
in sports, however, one of these discussed the 
benefits of topical cannabidiol application 
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Author Year Place of Publication URL

Petkovic, B30 2019 New Orleans, USA https://www.bigeasymagazine.com/2019/08/06/cbd-in-professional-sports-how-safe-is-it 

Raimondi, M48 2019 Anaheim, USA https://www.espn.com/mma/story/_/id/27389706/nate-diaz-lights-joint-ufc-open-workout 

Vegotsky, J59 2019 California, USA https://www.cbdtoday.com/game-changer-top-athletes-turn-to-cbd/ 

Kruis, G57 2019 Dublin, Ireland https://www.thesportschronicle.com/rugby/george-kruis-england-rugby/ 

Ok, L29 2019 Could not be determined https://thevistek.com/cbd-and-sports-performance-a-summary-review-of-cannabidiols-role-in-professional-sports/ 

PR Newswire60 2019 Las Vegas, USA https://mjobserver.com/investments/aurora-cannabis-and-ufc-launch-clinical-research-on-use-of-hemp-derived-cbd-products-by-
mma-athletes/ 

Reed, D61 2019 California, USA https://www.cbdtoday.com/john-isner-joins-growing-list-of-pro-athletes-promoting-cbd/ 

Ennette, F46 2019 Could not be determined https://basketballsocietyonline.com/how-cbd-is-introducing-itself-to-basketball

Keller, J62 2019 Could not be determined https://investingnews.com/innspired/cannabinoids-medical-cannabis-health-and-wellness/

Hudson, R47 2019 Could not be determined https://www.boxrox.com/cbd-optimise-performance-recovery/

Frometa, R.J28 2019 Could not be determined https://ventsmagazine.com/2019/07/07/hemp-and-cbd-oil-taking-the-world-by-storm-for-athletes-and-chronic-pain-sufferers/

Brooke, A45 2019 Weymouth, MA. USA https://blog.lhasaoms.com/product-reviews/cbd-and-acupuncture-a-powerful-combination-for-sports-recovery-and-performance/

English, N32 2019 New York, USA https://barbend.com/cbd-athletes/

Sappal, A63 2019 Las Vegas, USA https://www.freedomleaf.com/cbd-athletes-sports/

Stober, E64 2019 Toronto, Canada https://greencamp.com/cannabis-and-sports/

XWERKS35 2019 Texas, USA https://ministryofhemp.com/blog/cbd-for-recovery/

Mackinnon, S58 2019 Ontario, Canada https://triathlonmagazine.ca/feature/is-cannabis-the-next-recovery-secret/

Reed, D65 2019 California, USA https://www.cbdtoday.com/eaze-to-exclusively-deliver-former-nba-star-paul-pierces-new-cbd-line/

Kaplan, E66 2019 Could not be determined https://www.espn.com/nhl/story/_/id/26046596/is-nhl-future-marijuana-pro-sports-why-be

Omax Health27 2019 California, USA https://www.biospace.com/article/releases/omax-health-launches-cryofreeze-cbd-pain-relief-roll-on-for-joints-and-amp-muscles/

Corso, J31 2019 Georgia, USA https://www.singletracks.com/blog/mtb-training/cbd-and-mountain-biking/

Reed, D67 2019 California, USA https://www.cbdtoday.com/pro-athletes-taking-cbd-research-into-their-own-hands/

Hughes, E68 2019 Could not be determined http://theharvestinvestor.com/2019/07/07/former-nba-player-al-harrington-says-sports-need-to-embrace-pot/

Harris, R69 2019 Florida, USA http://balleralert.com/profiles/blogs/paul-pierce-launches-cbd-company-the-truth-will-target-athletes/

Medical 
Marijuana, Inc.70

2019 San Diego, USA https://www.biospace.com/article/releases/u-s-paralympic-athlete-samantha-tucker-joins-medical-marijuana-inc-subsidiary-
kannaway-sports-team/

Reed, D71 2019 Los Angeles, USA https://www.cbdtoday.com/cbdmd-becomes-an-official-professional-basketball-sponsor/

Whyno, S72 2018 New York, USA https://www.apnews.com/18bcef171ffe49a7a832453d9d101b8b

Jewell, J33 2018 Texas, USA https://ministryofhemp.com/blog/endurance-athletes-use-cbd/

Stober, E55 2019 Toronto, Canada https://greencamp.com/toronto-wolfpack-will-be-first-pro-sports-team-to-launch-own-cbd-product/

Pickering, E34 2018 Texas, USA https://ministryofhemp.com/blog/cbdmedic-active-sport-ointment/

Table 2:  Blog Results
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versus oral application24 which may have 
implications in a sporting context. The 
authors suggested that with oral ingestion 
cannabidiol may be broken down too fast 
in the digestive tract to be absorbed into 
the blood stream, therefore potentially not 
providing as effective an analgesic as via 
topical application.24

Twenty-four blogs reported cannabidiol was 
effective for reducing pain. One of the 24 
blogs had limited relevance to the research 
question as it was a news article promoting a 
product from another agency. It was included 
as it advertised the benefits of a cannabidiol 
product, aimed specifically for athletes and 
pain relief. However, their statements had 

no supporting literature.27 Sixteen blogs had 
no references to support their statements of 
cannabidiol being effective for pain relief, 
however, three blogs were supported by 
further blogs,28-30 and five blogs were either 
supported directly by studies cited in-text, or 
indirectly by studies found in another blog 
they referenced.31-35 A total of nine studies 
were referenced in the five blogs. Five of 
these were animal studies supporting the use 
of cannabidiol for pain relief.36-40 One study 
was a review of the effect of cannabidiol 
on inflammation and how this may reduce 
pain41 while two studies were not relevant 
to cannabidiol and pain and so did not 
support the statements made in the blogs.42,43 

Ultimately, no studies were relevant to the 
use of cannabidiol in reducing pain in sports, 
which might explain why they were not found 
in this scoping review’s traditional white 
literature search. 

Finally, one study was a report surveying 
2,400 participants and found that 80% of 
participants reported cannabidiol to be very 
or extremely effective for pain, and that 
cannabidiol was most commonly used to treat 
anxiety, insomnia, joint pain/inflammation 
and depression.44 This report also suggested 
that 43% of cannabidiol-dominant and hemp-
derived cannabidiol users now use cannabis 
instead of other medications to treat their 
conditions, and that 40% of marijuana-derived 
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Grey Literature - Blogs

Author Year Recovery Reduce Pain Anti-
Inflammatory

Reduce 
Anxiety

Improve 
Sleep

Reduce 
Stress

Poor 
Evidence

Non-
Psychoactive

Natural/Safer 
Alternative

Petkovic, B30 2019  ✓ ✓ ✓ ✓ ✓ ✓

Raimondi, M48 2019 ✓ ✓ ✓ ✓ ✓

Vegotsky, J59 2019 ✓ ✓ ✓ ✓ ✓ ✓

Kruis, G57 2019 ✓ ✓ ✓ ✓ ✓

Ok, L29 2019 ✓ ✓ ✓ ✓

PR Newswire60 2019 ✓ ✓ ✓

Reed, D61 2019 ✓ ✓ ✓ ✓

Ennette, F46 2019 ✓ ✓ ✓ ✓ ✓ ✓

Keller, J62 2019 ✓

Hudson, R47 2019 ✓ ✓ ✓ ✓ ✓ ✓

Frometa, R.J28 2019 ✓ ✓

Brooke, A45 2019 ✓ ✓ ✓ ✓ ✓ ✓ ✓

English N32 2019 ✓ ✓ ✓

Sappal, A63 2019 ✓ ✓ ✓ ✓ ✓

Stober, E64 2019 ✓ ✓ ✓ ✓

XWERKS35 2019 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Mackinnon, S58 2019 ✓ ✓ ✓ ✓ ✓

Reed, D65 2019 ✓

Kaplan, E66 2019 ✓ ✓ ✓

Omax Health27 2019 ✓ ✓

Corso, J31 2019 ✓ ✓ ✓ ✓ ✓ ✓

Reed, D67 2019 ✓ ✓

Hughes, E68 2019 ✓ ✓ ✓ ✓ ✓

Harris, R69 2019 ✓ ✓ ✓ ✓

Medical Marijuana, Inc.70 2019 ✓

Reed, D71 2019 ✓ ✓ ✓

Whyno, S72 2019 ✓ ✓ ✓ ✓ ✓ ✓ ✓

Jewell, J33 2019 ✓ ✓ ✓ ✓ ✓ ✓ ✓

Stober, E55 2019 ✓ ✓ ✓

Pickering, E34 2019 ✓ ✓ ✓

Sub-total 18 24 17 11 5 10 7 13 15

White Literature – Articles

Averill, G24 2018 ✓ ✓ ✓ ✓ ✓ ✓

Beall, J25 2019 ✓ ✓ ✓ ✓

Lee, C26 2017 ✓ ✓ ✓ ✓

Sub-total 3 3 3 1 1 0 1 0 2

Grand Total 21 27 20 12 6 10 8 13 17

Table 3:  Summary of the thematic analysis.
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cannabidiol-only users similarly only use 
cannabis to treat their conditions.44 Although 
this study sounds promising, supporting the 
use of cannabidiol as an analgesic it appears 
to have only been performed on a biased 
population who were HelloMD subscribers – 
a medical cannabis education and advocacy 
website (https://hellomd.com/) where 
participants in the study were already using 
medicinal cannabis products. 

With little evidence in the white literature, 
it would appear there are some grounds to 
consider assessing the use of cannabidiol for 
pain relief. Many of the resulting blogs made 
mention of cannabidiol potentially acting 
on or mimicking the endocannabinoid 
system, in turn reducing pain.30,32,45-47 

According to the WHO report,2 however, 
these statements are unsubstantiated as it is 
suggested that cannabidiol may not in-fact 
act directly at CB1 or CB2 receptors in the 
same way that tetrahydrocannabinol may, 
but instead may act on alternative systems 
in the body to alleviate pain. Similarly, one 
blog31 suggested that cannabidiol acted 
in a similar way to non-steroidal anti-
inflammatories; inhibiting cyclooxygenase/
prostaglandin and lipoxygenase pathways 
and two inflammatory biomarkers (involved 
in training adaptations). This does question 
the credibility of some statements made 
in some of the literature sourced in this 
scoping review, but in turn highlights how 
unclear and sparse the scientific literature 
surrounding the use of cannabidiol in sports 
is, a point acknowledged in at least one of the 
blogs reviewed.48

Cannabidiol as a recovery agent
The second most common theme carried 
by 18 blogs and all three white literature 
studies discussed the role of cannabidiol as a 
recovery agent for athletes. 

All three articles in the white literature 
search made anecdotal claims supporting 
the use of cannabidiol as a recovery 
agent.24-26 However, none of these claims 
were underpinned by any research. Eighteen 
blogs supported the use of cannabidiol as a 
recovery agent. Upon closer inspection only 
one blog offered supporting literature.35 This 
supporting article, however, did not focus on 
cannabidiol as a recovery agent in a sporting 
context,49 which might explain why it was 
not found in the initial white literature 
search of this scoping review. This leads 
to suggest that the use of cannabidiol as a 
recovery agent following sports participation 
may only be recommended anecdotally as 
there is no evidence to support its use.  

Cannabidiol as an anti-inflammatory 
agent
The third most common theme with 17 blogs 
and all three white literature opinion articles 
discussed the role cannabidiol may play in 
reducing inflammation.  All three opinion 
articles anecdotally claimed cannabidiol was 
an effective anti-inflammatory in sports,24-26 

including one from the perspective of a 
professional athlete who advocated the use 
of cannabidiol for improving hip pain.24 This 
narrative review24 suggested that cannabidiol 
was anecdotally becoming the drug of choice 
for managing inflammation over more 
commonly prescribed anti-inflammatories 
such as ibuprofen; a view shared by 17 blogs 
(Table 3). None of these views, however, 
were supported by references or clinical 
trials advocating efficacy and safety of 
cannabidiol over more readily prescribed anti-
inflammatories. Averill’s statements24 were, on 
the other hand, supported by the same study 
cited previously which found cannabidiol 
effective in reducing inflammation and overall 
pain in arthritic rats.37 

Seventeen blogs purported that cannabidiol 
could be used as an anti-inflammatory, 
however, many of the claims made were 
unsubstantiated.  Two blogs referenced 
further blogs to support their statements, 
however, these blogs did not have any 
supporting research data.29,30 One blog32 
referenced a literature review summarising 
how cannabidiol effects inflammation; 
specifically, the biochemistry of how 
cannabidiol acts on the body.41  Another 
blog35 referenced three articles supporting 
cannabidiol as an anti-inflammatory49-51  and 
a National Cancer Institute document which 
suggested cannabidiol had a significant anti-
inflammatory effect without the psychoactive 
effect of THC.52 One blog33 referenced 
another blog from the same website which 
had two United States Patents promoting 
the use of cannabidiol for reducing 
inflammation.53,54 As previously discussed, 
this blog33 also referenced the HelloMD 
study44 which advocated cannabidiol 
for reducing inflammation. One blog55 

referenced two further blogs promoting 
the use of cannabidiol for reducing 
inflammation. Finally, one blog34 referenced 
a further three blogs – one of which had 
no supporting literature, one of which was 
referenced by one previously discussed 
blog in this review,33 and another which 
referenced a previously discussed study40 
who also supported the use of cannabidiol 
in reducing pain. None of the supporting 
literature, however, was specific to sports 

which might explain why it was not found in 
this scoping review search. 

Scoping reviews map the literature by 
including all information, of varying 
degrees of quality, thus identifying gaps 
in knowledge and allowing readers to get 
a “feel” of the body and type of evidence 
available.56 This style of data collection and 
reporting inherently identifies whether a 
full systematic review is feasible with the 
literature available.19  The aim of this scoping 
review was to map the existing literature on 
the use of cannabidiol in professional sports. 
A large gap in the scientific literature was 
identified which is important for clinicians 
working within professional sports to 
recognise, as it is their responsibility to 
keep on top of evolving subjects and “hot” 
topics in order to provide an evidence-based 
service to the athletes they work with. In 
this day and age athletes have access to 
information on supplements and drugs 
through the internet and social media. As 
such, clinicians need to be one step ahead 
and the current study did this. We were 
able to identify that whilst cannabidiol 
may be legal for athletes to use under the 
World Anti-Doping Agency code, there 
are currently no clinical trials on the use of 
cannabidiol in sports, nor were any clinical 
trials being planned (according to the 
databases searched). What appeared to be 
some of the strongest and most referenced 
literature, in-fact, focussed on animal studies 
observing the potential beneficial effects 
cannabidiol has on various ailments, rather 
than the potential uses of cannabidiol in a 
sporting context. Furthermore, this study 
was able to identify that some products may 
carry a potential contamination risk for 
which athletes could be sanctioned. 

The lack of clinical trials may be reflective 
of the previous nature of marijuana being 
a schedule 1 drug in USA thus making it 
hard to access in order to perform clinical 
trials – a view acknowledged in one of the 
narrative reviews.24 Equally, the lack of 
clinical trials or literature – as acknowledged 
by eight records24,30,31,33,35,48,57,58 – may be 
because cannabidiol is now easily accessible 
to the public in countries like USA and 
Great Britain, suggesting pharmaceutical 
companies have no incentive to perform 
clinical trials to justify its efficacy.24 This 
leaves advertising companies to sell the 
purported benefits of cannabidiol to the 
general public, which may explain why 
some commercial material was found in 
the traditional white literature search. 
This carries its own risks as companies 
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may inadvertently advertise products with 
potential side effects that have not yet been 
tested or proven. 

Study limitations 
This scoping review is the first of its kind to 
investigate the literature supporting the use of 
cannabidiol in sports, following a recognised 
scoping review methodology which 
incorporated both white and grey literature. 
However, this pioneering study is not without 
limitations. Time constraints allowed for only 
the first four pages of blog search results to 
be reviewed. More time would have allowed 
for more blogs to be analysed, although 
based on the sample examined it is unlikely 
that any new themes or supporting evidence 
were likely to emerge is it appeared that the 
same references were used to support the use 
of cannabidiol for a number of conditions. 
Some of the records identified in the search 
were inaccessible within the timeframe of 
the study. Some of the documents identified 
in the search were not in English, and only 
literature focussing specifically on the 
use of cannabidiol in a sporting context 
was considered. Texts focussing on more 
global products and terms such as medical 
marijuana were not considered, however, 
these may have provided more information of 
indirect relevance. 

Implications for future research
The findings of this scoping review suggest 
that the scientific literature on the use of 
cannabidiol in sports of any participation 
level is sparse and wanting. Thus potential 
for clinical trials or original research using 
cannabidiol in professional sports is vast. 
Simple anonymous questionnaires could 
investigate athletic populations both within 
and between sporting groups to identify 
what percentage of athletes in each sport 
currently use cannabidiol. High quality 
trials on humans are also required, not 
only to compare cannabidiol to more 
readily prescribed analgesics and anti-
inflammatories, but to draw conclusions on its 
efficacy compared to already proven recovery 
modalities such as contrast water therapy, 
massage and compression gear.

CONCLUSION 
Despite the anecdotal claims by athletes 
supporting the use of cannabidiol, there 
remains a vast gap in the scientific literature 
supporting the use of cannabidiol in 
professional sports. This scoping review was 
unable to source any studies supporting the 
use of cannabidiol in professional sports, 
and so thorough clinical trials are required 
to allow conclusions to be drawn on its 

efficacy. The un-regulated market and lack 
of literature does not currently support the 
use of cannabidiol in professional sports, 
leaving athletes at risk of taking contaminated 
supplements, inadvertently causing bodily 
harm, or simply becoming victims of 
exploitation. 
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APPENDIX 1
Grey Literature Search Strategies 

ProQuest Dissertations & Thesis 
(CBD OR cannabidiol) AND sport*
Filtered: 2010-2019
Filtered: English only
Filtered: public health, physiology, studies, medicine, biology, no ProQuest subject assigned

Pubmed, Cochrane Library and World Health Organization International Clinical Trials Registry Platform Search Portal
cannabidiol OR CBD OR “medical cannabis” OR “medical marijuana” OR marijuana OR cannabis OR hashish
AND
Sport* OR player* or athlete*
AND
pain OR “pain relief” OR “pain management” OR analgesia OR “pain control” OR inflam*

ANZCTR
A simplified search was used due to the available search parameters on the website.
“cannabidiol OR CBD OR “medical marijuana” AND sport* OR athlete* AND pain* OR inflam*”

ClinicalTrials.gov
A simplified search used due to the available search parameters on the website. 
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Introduction

Dorsal wrist pain and swelling is a 
common presentation in the setting 

of sports medicine. The more commonly 
encountered etiology includes tendonitis or 
tenosynovitis and ganglion cysts. Accessory 
muscles of the extensor compartment of the 
hand are rare, but should be considered as a 
potential cause. First described in 1734, the 
extensor digitorum brevis manus (EDBM) 
muscle is an accessory muscle of the extensor 
compartment of the wrist and hand, with 
an incidence of 2.3% in cadaveric studies 
reported in a recent pooled systemic review,12 
although earlier articles had described an 
incidence of 1-9%4,8. This article includes 
a case report of a patient with unilateral 
symptomatic EDBM who presented with wrist 
pain during exercise.

Case Report
Patient was a 21-year-old male, who was 
serving in the military as an air force signaler, 
as part of his 2-year compulsory national 
service. He was right-handed and engaged in 
regular strength training. He had no pre-
existing medical conditions.

He presented with a 6-week history of left 
wrist pain. This was precipitated by doing 
shoulder press and bench press as part of 
his routine gym exercises, and was noted to 
be worse with heavier weights. He had been 
doing similar exercises previously without 
any discomfort, but had recently increased 
the weight for these exercises. There was 
no precipitating fall or injury, and no prior 
episodes of wrist pain or injury. He denied 
any wrist swelling, instability, or upper 
limb numbness. The wrist pain was always 
accompanied by a feeling of tightness and 

sometimes difficulty fully extending his 
middle and ring fingers. The wrist pain did 
not affect any other activities of daily living, 
and did not occur with activities in the 
military including physical activity and sports.

On examination, there was a visible swelling 
over the dorsum of the left wrist, that was soft, 
not warm or tender, did not transilluminate 
and was not associated with any skin changes. 
Palpation of the wrist did not reveal any 
tenderness. Wrist range of motion was 
full, and there was no pain with resisted 
movements of the wrist. However, pain was 
reproduced with axial loading (pushing off 
a chair with the wrist in extension). Range 
of motion of all fingers was full and pain 
free, and there was no tenderness over the 
small joints of the hand. There were no 
neurovascular deficits.

Plain radiographs of the hand were ordered 
and revealed no abnormalities. An ultrasound 
done in clinic (figure 1) showed a hypoechoic 
swelling in the 4th extensor compartment, 
surrounding the extensor indices pollicis 
tendon. There was no vascularity within 
the swelling. A comparative ultrasound 
of the right wrist was done and this was 
unremarkable. A provisional diagnosis 
of an accessory muscle of the extensor 
compartment of the wrist was made. As 
symptoms were minimal, a referral was made 
to a hand therapist for a wrist splint and 
analgesia was prescribed. He was advised 
on activity modification and to temporarily 
stop lifting weights. He was also referred to 
physiotherapy for wrist extensor stretches and 
strengthening exercises.

He was reviewed 6 weeks later. During the 
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initial period of rest his symptoms had 
resolved, however they had recurred with 
resumption of doing shoulder and bench 
press, even though he had not progressed 
back to full loads. The wrist swelling was still 
visible on examination, and the mass still 
present on ultrasound examination with no 
change in size or characteristics. In view of 
persistent symptoms, magnetic resonance 
imaging (MRI) of the wrist was ordered to 
further characterize this mass.

MRI showed a fusiform lesion underlying 
the marker showing signal characteristics of 
muscle extending over the dorsal surface of 
the wrist from the distal radius to the 2nd 
webspace (figure 2). It arose from the level 
of the distal radius deep to the extensor 
retinaculum and lay deep to the extensor 
digitorum tendon. There were no other 
abnormal findings.

On review after MRI, he had progressed with 
increasing his weight for bench press against 
medical advice. He reported symptoms were 
worse when his wrist went into extension 
to support the weight during bench and 
shoulder press, or when he flexed his wrist 

against resistance to complete the bench 
press. Symptoms were better with use of a 
wrist guard. He was advised to reduce the 
weights used during bench and shoulder 
press, and progress with wrist strengthening 
exercises and improve his technique before 
progressively increasing weights. He was also 
advised to use wrist supports, and against 
excessive weighted wrist extension exercises 
to reduce hypertrophy of the EDBM. 
On follow-up, he was coping well with a 
modified grip and change in bench press 
technique and hence not keen for further 
intervention.

Discussion
In patients presenting with dorsal wrist 
swelling and pain in the absence of trauma, 
diagnosis including ganglion cysts, extensor 
tenosynovitis, metacarpal bossing, soft 
tissue tumours, and accessory muscles of the 
extensor compartment of the wrist should be 
considered. 

Accessory muscles of the extensor 
compartment of the wrist include accessory 
EDBM, accessory extensor carpi radialis 
muscle and its variants, and variations of the 

extensor indices proprius (EIP).4 This article 
focuses on the EDBM. The most common 
origin for the EDBM is the inside of the 
radiocarpal joint capsule, attaching either to 
the dorsal metacarpal surface, the distal end 
of the radius, or the proximal portion of the 
radiocarpal ligament.5,9,12 The distal insertion 
of the EDBM is often joined to the EIP, 
which serves to extend the index finger, and 
the two muscles share the same innervation 
and blood supply from the posterior 
interosseous nerve and anterior interosseous 
artery, respectively.9,12  When inserted on to 
the second finger it is sometimes termed 
the extensor indices brevis. Depending 
on its insertion it has also been termed 
the extensor digiti III brevis, extensor 
medius brevis, extensor brevis digiti indicis 
vel medii, extensor medii, and annularis 
brevis.4,8  Ogura et al.  classified the EDBM 
into three types on the basis of its insertion 
and relationship to the EIP: type I—inserted 
on to the dorsal aponeurosis of the index 
finger with the absence of EIP; type II—both 
the EIP and EDBM inserted on to the index 
finger; type III—EIP inserted on to the index 
finger and EDBM inserted on to the middle 
finger with or without an accessory EIP to 
the middle finger.4,5

Some studies have reported a slight 
predominance in males,8 whilst other studies 
show no difference in incidence between 
right and left hands, different genders, and 
no familial inheritance.2,4,5,8,12 Bilateral EDBM 
has been reported to occur in 26-50% of 
affected individuals.2,5,9,12

Accessory muscles of the extensor 
compartment of the wrist are rare, hence the 
literature in regard to diagnosis, imaging and 
management consists of isolated case reports 
and case series, with limited reviews of the 
literature available. The largest case series in 
the literature consists of 38 cases.2

EDBM is usually asymptomatic, being 
an incidental finding on imaging or in 
cadaveric studies. However, it can present 
with pain and discomfort, or dorsal wrist 
swelling, usually precipitated by repetitive 
wrist extension movements, particularly 
against resistance.4,5,7,9,12 Symptoms occur 
more commonly in the dominant hand 
if bilateral EDBM is present7,9,12 due to 
increased activity. It is more often more 
symptomatic in adults than children and 
this has been postulated to be due to more 
developed muscle from increased activity 
and labour.2 The exact etiology of the pain 
experienced by some patients with EDBM is 
not clear. While hypertrophy of the muscle 
alone may be sufficient to cause increased 
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pressure in the 4th extensor compartment 
and hence discomfort, some authors suggest 
that pain results when the firm distal edge 
of the extensor retinaculum impinges on 
the contracting muscle belly.3,5,7 Increased 
pressure in the 4th compartment can result 
in indirect or direct impingement on the 
posterior interosseous nerve and “fourth 
compartment syndrome” as termed by 
Hayashi et al.3 EDBM can also co-exist with 
other lesions, most commonly ganglion 
cysts,2,5,9,12 but also lipomas,12 metacarpal 
bossing1, and other accessory wrist extensor 
muscles, which may contribute to symptoms.
On clinical examination, EDBM usually 
presents as an elongated fusiform swelling 
in the dorsum of the wrist or proximal part 
of the dorsum of hand between the middle 
and index finger extensor tendons, which 
may be more prominent in the dominant 
hand.2 EDBM is most prominent with the 
wrist flexed to 30 degrees and the fingers 
fully extended.7  An anomalous muscle can be 
differentiated from a ganglion cyst clinically, 
as usually it becomes more prominent, firm 
or painful during flexion of the wrist and 
extension of the finger, whereas a ganglion 
cyst is better outlined only by wrist flexion. 
Pain can also be reproduced when patients 
push their palms against a table with 
dorsiflexion of the wrists.5  

Most times, imaging is useful in helping 
to diagnose EDBM, however, the clinician 
must consider EDBM in their work-up for 
imaging to be useful. Plain radiographs are 
usually unremarkable.2 Ultrasound has been 
shown to be useful in several case reports.5,6,12 
Ouellette et al6 described a technique to 
identify EDBM with dynamic ultrasound. 
The linear ultrasound probe is placed over the 
swelling in the dorsum of the wrist, and on 
static ultrasound imaging a soft-tissue mass 
with muscle like echo texture is identified. The 
patient is then requested to perform finger 
extension that is opposed by the sonographer’s 
non-imaging hand leading to enlargement of 
the dorsal wrist mass. On axial images, the 
EDBM typically protrudes dorsally between 
the extensor tendons of second and third digits 
with active digital extension. Sagittal imaging 
of alternating extension and relaxation should 
show a muscle-like structure undergoing 
morphologic changes. Although MRI scans can 
aid in the diagnosis they do not always help 
if the radiologist fails to consider the EDBM 
as a differential.9 Also, electrophysiological 
studies can help distinguish cysts or tumors 
from EDBM, but the physician again needs to 
consider EDBM as a differential in order to 
perform those studies.5,7,9,12

Asymptomatic EDBM does not require 
treatment.2,5,8,9,12 In cases of symptomatic 
EDBM, patient can undergo a trial of 
conservative treatment, which can include rest, 
avoidance of precipitating activity and activity 
modification, wrist splint, pharmacological 
management including anti-inflammatory 
medication or analgesia and hand occupational 
therapy or physiotherapy.2,9,10,12 If the symptoms 
persist despite conservative management, 
surgical intervention can be considered. 
Surgical intervention described in the 
literature includes extensor compartment 
release, and partial or complete excision of 
the EDBM.5,9,10,12 There is no consensus in the 
literature between preference for extensor 
compartment release or excision as the initial 
procedure of choice, due to the variations in 
insertion and function of the muscle, possible 
co-existing lesions and the limited number of 
cases in the literature. However, there is some 
consensus in recommending surgical excision 
over debridement or retinacular release if the 
EDBM is not a sole extensor for the index 
finger.5,7,10,12 There has also been a case report 
of successful use of botulinum toxin injection 
in treatment of a patient with symptomatic 
EDBM.11

Our patient has some of the classical 
symptoms of EDBM, and this case illustrates 
how this diagnosis needs to be considered 
as a differential in the approach of wrist 
swelling. Specific clinical examination can 
be performed to differentiate an accessory 
muscle from tenosynovitis or ganglions, 
and ultrasound is useful in achieving a 
diagnosis, with dynamic ultrasound able 
to further demonstrate specific features of 
EDBM. The patient’s symptoms occurred in 
his non-dominant hand, indicating EDBM 
is likely unilateral in his case and this is 
supported by normal ultrasound findings 
in the contralateral wrist. This case also 
demonstrates work-up for this patient’s dorsal 
wrist pain and swelling including imaging 
findings, and the successful management 
of this patient non-operatively, including 
considerations when patients are symptomatic 
due to their work or sporting activities. 
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Introduction

Calcific tendinopathy of the rotator 
cuff is a common disorder affecting 

predominantly the 40- to 60-year-old age 
group. Women are overrepresented compared 
to men.  Calcific tendinopathy occurs in 
2.5%–7.5% of healthy shoulders in adults.9 
Studies also demonstrate that persons 
involved in hard physical manual labour 
or athletic pursuits are no more prevalent 
than those leading a sedentary life.2 Various 
factors have been suggested to contribute to 
this condition, such as abnormal activity of 
the thyroid gland, metabolic diseases and 
genetic predisposition.2 There are two main 
theories with regards to pathophysiology; the 
degenerative model and multiphasic model.1 
Calcific tendinopathy involving the substance 
of the tendon is particularly common in the 
rotator cuff. The most commonly affected 
tendon in the rotator cuff is the supraspinatus 
tendon.1

Case Report
Mrs S is a 63 year old female shopkeeper 
of Fijian Indian descent. She has type 
2 diabetes, hypercholesterolaemia, well 
controlled hypertensive disease, subclinical 
hypothyroidism and is overweight. Her 
only form of physical activity  is stocking 
shelves and walking her dog. She is right 
hand dominant, doesn’t smoke or drink 
and eats a vegetarian diet. Her medications 
include metformin, gliclazide, cholecalciferol, 
cilazapril and aspirin.
Mrs S attended my GP clinic with increasing 
right shoulder discomfort for many months. 
She reports no injury or traumatic event. She 
described the general shoulder area as the 
area of discomfort but isn’t able to specify 
any pinpoint pain. Resting alleviates pain. 
She reports no radiation or radicular pain. 
She states the pain increases with overhead 
movement, especially when stocking shelves 
and hanging washing. She reports occasional 
‘cracking’ in her shoulder with flexion 
movements. She reports no night pain and has 
no constitutional symptoms. She has no prior 
history of any injury to the shoulder. She has 
been seeing an acupuncturist for two weeks 
with no benefit. 
On exam, she had normal vitals and her 
right shoulder demonstrated mild anterior 
shoulder tenderness compared to left. There 
were no overlying skin changes, atrophy or 
warmth. Her provocation tests were positive 
with a painful arc, Neers and empty can 
testing. Although these tests are limited by 
poor specificity and only marginal sensitivity.  
No frank deformity of shoulder girdle and 
full range of motion was achieved both 
passively and actively. With active movement 
eliciting discomfort anteriorly. There was no 

weakness or neurology elicited. Her neck 
and elbow were unremarkable. Contralateral 
examination was unremarkable. 
She was referred for laboratory tests (CRP, 
FBC, Rheumatoid screen) to assess for 
inflammatory and rheumatological causes 
and these were all normal. She had X-ray and 
ultrasound imaging demonstrating calcific 
tendinopathy of the supraspinatus tendon and 
mild thickening of the subacromial bursa. 
They also reported a possible partial thickness 
tear of supraspinatus but in the presence 
of calcific changes couldn’t be certain. This 
would also be non-specific in this age group 
given population prevalence.  No other bone, 
joint or soft tissue concerns were reported.
She was diagnosed with a possible partial 
thickness supraspinatus tear and calcific 
tendinopathy with probable bursitis. It is 
unlikely given population prevalence of 
her age group the possible partial tear is 
contributing to pain in her case. It is more 
likely her pain is from bursitis and poor 
shoulder proximal movement but we cannot 
exclude whether calcific tendinopathy is 
contributing. We restricted her overly painful 
overhead activities until symptoms were 
improving. Physiotherapy input was initiated 
for shoulder rehabilitation to improve 
scapulothoracic functioning and to strengthen 
the proximal chain. She was also referred 
to my urgent care colleague who proceeded 
to inject the bursa with no further action in 
relation to the calcific tendinopathy  given her 
full range of movement. Her pain improved 
after the injection and she has ongoing 
physiotherapy input for rehabilitation. If this 
fails then consideration of a sport medicine 
specialist review would be appropriate. 
Discussion
Rotator cuff calcific tendinopathy may cause 
highly disabling shoulder pain. Cross-
sectional studies report that no treatment is 
required for asymptomatic calcification.6 Mild 
symptoms may be treated conservatively with 
physiotherapy and extracorporeal shock-
wave therapy.7 For more intense pain or if 
debilitating ultrasound-guided percutaneous 
irrigation of calcific tendinopathy is currently 
accepted as the first-line safe and effective 
treatment, with significant pain improvement 
and a very low rate of complications.8

The majority of cases of symptomatic calcific 
tendinopathy are self-limiting. In which the 
calcification spontaneously resorbs after a 
period of a few years or is treated successfully 
conservatively.5

There are three phases to this disease, Uhthoff 
and colleagues described three distinct 
stages in the disease process; precalcific, 
calcific, and postcalcific stages. Depending 
on which stage of the disease, the imaging 

appearances and composition of the 
calcification differ significantly as do patient 
symptoms.10 Precalcific changes demonstrate 
fibrocartilaginous metaplasia of the tendon, 
clinically this stage is pain-free. The second 
stage is calcific and is further subdivided 
into three phases; formative phase, which 
is characterised by cell-mediated calcific 
deposits and can be painful. The resting 
phase which lacks inflammation or vascular 
infiltration. Lastly, the resorptive phase which 
is characterised by a phagocytic resorption 
and vascular infiltration. Clinically this phase 
is the most painful.10

In the formative and resting phases of the 
disease, if non-operative measures fail and the 
patient presents with progressive symptoms 
interfering with usual activities of daily living, 
physical removal of calcific deposits may be 
indicated.8 The resolution of calcification has 
been shown to correlate well with clinical 
improvement of symptoms, and therefore 
various treatments have been devised to 
promote their removal. There is also good 
evidence of benefit from arthroscopic or 
mini-open operations. 
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INTRODUCTION

Philosophy and overview

Former Major League Baseball player, 
Pete Rose, once said “see the ball, hit 
the ball” and coaches often tell their 

athletes to keep their “eye on the ball”. Albeit 
clichés, vision and sports do go together 
given vision covers 80% of our sensory input. 
This does not, however, consist of just seeing 
6/6 (20/20) on the Snellen visual acuity chart.

It has been reported that very few athletes 
undergo vision screening, with even fewer 
undergoing vision training.1 Zeri et al 
investigated the attitude of athletes and 
support personnel towards vision correction 
in sport. The majority believed correction of 
a vision deficiency was important. However, 
there was a statistically significant decrease 
in support for contact lens use when 
recommended for sporting purposes. The 
authors attributed the decrease in support 
of contact lens use in sports to a perceived 
prejudice towards contact lenses and a lack of 
education and knowledge about them.2

Some athletes and teams are known to 
supplement their traditional training 
regimen with sports vision training to 
increase their performance and thus, have 
an advantage over competitors.1,3,4 But what 
is sports vision? Sports vision can be defined 
as the clinical application of visual science 
for the improvement of visual function and 
performance in sport. The aims of sports 
vision are: 

1) To enhance an athlete’s vision and 

2) To improve an athlete’s performance 
through a variety of training techniques that 
target visual skills. 

Sports vision encompasses a wide range 
of disciplines from optometry and vision 

science, psychology, physiology, sports and 
exercise science, strength and conditioning 
to name a few.5 

The practice of sports vision is comprised 
of multiple levels; beginning with the 
basic, entry-level tier concentrating on 
fundamental visual skills. Kirschen and Laby 
expanded on this idea further in the 1990s 
and developed the concept of a Sports Vision 
Pyramid (Figure 1).5 The pyramid provides 
a systematic approach to understanding the 
multiple components of sports vision. The 
pyramid is comprised of four tiers with the 
base foundation layer consisting of visual 
acuity and contrast sensitivity. The higher 
layers of the pyramid consist of stereo vision, 
visual mechanics with on-field performance 
as the top layer.5 

Research in perceptual-cognitive skills 
have shown athletes have been shown to be 
faster (35%) and more accurate (31%) in 
making decisions compared to non-athletes.6 

This indicates that athletes can extract and 

interpret relevant visual information better 
than non-athletes potentially leading to 
better awareness, anticipation of movement 
and play and subsequently resulting in 
better performance.6 Laby et al performed 
the largest study to date investigating the 
visual functions (visual acuity, stereoacuity 
and contrast sensitivity) of 387 professional 
baseball players.7 Their study showed that 
professional athletes had better visual skills 
than non-athletes. However, it is still unclear 
whether these superior abilities are innate to 
the athlete or learned.2 

Athletes have different visual abilities, and 
the requirements and demands placed 
on vision varies on the sport they play. 
Additionally, research has shown athletes 
have different visual abilities depending on 
which positions they play within the same 
sport.6,8,9 

Sports vision screening
The bottom layer of the sports vision 
pyramid consists of visual acuity and 
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the importance of performing a sports vision screening on athletes as a minimal standard of practice.

Figure 1: Sport Vision Pyramid. Modified from Kirschen and Laby 5
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contrast sensitivity. These are considered the 
fundamental components of sports vision 
and are “the building blocks of effective 
sports vision”.5,10 These visual skills are often 
measured and examined by an optometrist 
and other eye care professionals in everyday 
practice.   As such, these visual skills along 
with others are included in current sports 
vision screening protocols such as the Pacific 
Sports Visual Performance Profile (PSVPP) 
developed by Coffey and Reichow.11  The 
objective of this profile was to standardise the 
way visual performance of Olympic-level and 
professional athletes are measured.  These 
skills include: static visual acuity, dynamic 
visual acuity, contrast sensitivity, near point 
of convergence, fusion and eye alignment, 
accommodative-vergence facility, hand-eye 
co-ordination, motor reaction time, saccadic 
eye movement dynamics, stereopsis, span of 
recognition and peripheral awareness.9,11,12 

Correcting these visual components where 
one is weak can improve visual function, thus 
improve performance in sport.  Performing 
a vision screening and correcting a visual 
deficiency is an easy addition to an athlete’s 
training programme. This should be 
considered the first step in the practice/ 
application of sports vision to improve an 
athlete’s performance.

Table 1 is an example of a sports vision 
screening assessment test and recording 
template. This has been used by the author on 
individual athletes, officials and professional 
teams undergoing a preseason medical 
assessment. As demonstrated in Table 1, it 
does not take too much time to complete and 
a lot of valuable information can be collected 
using the screening tool to help improve the 
athlete’s performance.

Advanced sports vision
The next level following basic sports vision, 
is advanced sports vision. Advanced sports 
vision involves the use of vision training and 
eye exercises (such as perceptual, cognitive 
and oculomotor tasks) to enhance visual 
performance and which subsequently 
can be transferred to improved sporting 
performance.6 This training may involve 
the use of vision exercises often prescribed 
by optometrists and eye care professionals 
to treat vision and binocularity anomalies. 
Additionally, with the recent advancements in 
digital technology, there has been an increase 
interest and use in specific sports vision 
training instruments.6 

Research in advanced sports vision training, 
specifically perceptual learning has shown 
that improvements in visual abilities 

and visual discrimination a result of this 
training can last for months and even years.6 

Additionally, research has also shown that 
the benefits gained from perceptual learning 
can be transferred to new and previously 
untrained motor skills. 6 

As mentioned earlier, visual requirements 
and demands vary between sports. A sports 
vision training programme should be tailored 
specifically for the athlete’s sport and position. 

Examples of sports vision in sport
Cricket and golf provide two contrasting 
examples in sports vision due to their vastly 
different visual requirements. In cricket a 
batter has only about 225 milliseconds to 

look, think and decide on what do. Therefore, 
multiple aspects of the visual system including 
visual acuity, contrast sensitivity, binocular 
stereoscopic vision and higher functions 
of visual perception must be functioning 
properly for an athlete to be performing at 
their highest.

Elmurr conducted a systematic review 
analysing the relationship between vision and 
batting in cricket.13  It has been shown that 
both saccadic eye movements and smooth 
pursuits are involved in cricket batting.13,14  

Batsmen monitor the release of the ball and 
produce an anticipatory saccade to the bounce 
of the ball and will follow it’s trajectory for 
100 to 200 milliseconds after the bounce.13  

sports medicine tips

Table 1: Sports Vision Screening Recording Form Template. 
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It has also been shown that skilled batsmen 
also have a short latency when initiating their 
first saccade compared to those less skilled.  
In this review, Elmurr also reported on one 
of his studies where a group of non-athletes 
completed a vision training programme.  
The results showed that saccadic reaction 
times decreased with training.  This indicates 
saccadic eye movements can be trainable and 
‘re-programmed’.13  

In comparison, in golf, seeing and making 
a split-second decision is less relevant but 
a golfer still requires accurate eye tracking 
and precise gaze direction. Research has 
shown that athletes typically have a longer 
duration of fixation before initiating a motor 
response. This has been called the quiet eye 
(QE) period.15 The QE has been studied 
extensively and has shown to be trainable 
and can improve accuracy and performance 
in a golfer’s putting.15,16 

In a separate study, Dalton et al investigated 
the relationship between eye dominance and 
handedness in golfers.17 This retrospective 
analysis consisting of 31 golfers of varying 
skill levels (including professionals to 
amateurs).  The golfer’s eye dominance 
was measured using a non-standardised 
dominance chart developed by one of the 
authors who reported it to be internally 
validated.  Dominance was measured at both 
primary gaze and at the putting gaze with the 
dominance chart placed on the floor.  The 
golfer’s handedness was measured by asking 
the golfers to report their hand preference on 
a five-point scale.  The results showed that 
eye dominance in the primary and putting 
gaze directions were not always equal.  The 
magnitude of eye dominance at the putting 
gaze is significantly less than at primary 
gaze.  Additionally, having an eye dominance 
may be associated with increased success in 
putting.17  

In sports, often athletes who are performing 
well report the target or ball to be bigger. In 
one study, softball players who were hitting 
well, perceived the ball to be bigger than 
those who are performing poorly.18 Witt 
et al tried to replicate this with golfers and 
recruited 46 golfers following a round of 
golf.  They were asked to estimate the size 
of the hole they perceived to be seeing and 
additionally, they collected their score on 
their round, their usual handicap, how many 
putts they took on the 18th hole and how 
many strokes they took for that hole.  Nine 
black circles of varying diameter were placed 
on a board and the participants were asked 
to select the circle which corresponded to 

the size of 18th hole on the golf course.  The 
results showed the golfers who performed 
better perceived the hole to be bigger than 
those who performed worse.  There was 
also no significant correlation between the 
handicap of the golfer (skill level) to the 
perceived hole size.18  

SUMMARY
Before undergoing an advanced vision 
training programme to supplement their 
traditional regime, an athlete and team 
should undergo a vision screening.  As 
mentioned earlier, few athletes undergo a 
vision screening. However, there is evidence 
that for an athlete to perform optimally, it 
is important, as a minimum, to screen and 
assess their visual performance and evaluate 
the visual demands placed on the individual 
athlete by their sport and the position they 
play in that sport.9 This paper introduces 
the wider sports medicine audience to the 
concept of a sports vision screening. Table 1 
shows the sports vision screening assessment 
tests and recording template used by the 
authors. The screening test encompasses 
majority of the visual skills described in the 
PSVPP and by other authors and can be 
adopted by the reader to incorporate into 
their everyday practice. 

GLOSSARY

Modified from Meir.1

Accommodation: The ability to adjust the 
point of focus as objects (e.g. a ball) move 
(nearer) toward or (farther) away from the 
athlete,

Colour Vision: The ability to discriminate 
differences in colour (e.g., the ability to 
rapidly identify a teammate in the peripheral 
vision by uniform colour). Objects with low 
contrast against the background will be more 
difficult to see than are objects with a higher 
contrast.

Contrast sensitivity: The ability to see 
objects with variable background lighting 
conditions.

Depth perception (stereopsis): The ability of 
a person to accurately judge the distance 
between him-or herself and another object 
(e.g., a ball) in his or her surroundings.

Dominance: Dominance of one eye over the 
other.  We all have a dominant eye, which 
processes and transmits information to the 
brain a few milliseconds faster than the 
subordinate eye.  The dominant eye also 
guides the movement and fixation of the 
other eye.

Fixation: Without a conscious effort to attend 

to something, our eyes will constantly move 
throughout the visual field.  Fixation occurs 
when an object attracts our visual attention 
and we focus both eyes on it.

Peripheral vision: The ability of a person to 
detect objects in his or her vision away from 
fixation.  Due to anatomical limitations, 
peripheral vision cannot be trained.  
However, peripheral awareness can be 
trained, thereby increasing the speed and 
accuracy at which objects can be identified.

Saccades: The ability of the eyes to follow and 
track fast moving objects from one point to 
another by jumping of the eyes to maintain 
fixation.

Speed of recognition: The ability to rapidly 
process information from the environment 
and use it indecision making, movement 
preparation, and skill execution.

Tracking (smooth pursuit): The ability of the 
eyes to follow and track slow moving objects 
from one point to another.

Vergence: The ability to maintain fixation on 
objects as they move toward or away from 
the athlete.  The eyes converge when viewing 
objects that are close and diverge when 
viewing more distant objects.

Visual acuity: The ability to discriminate and 
resolve fine detail in an object.  Static visual 
acuity is the ability to see a certain level of 
detail in a stationary object and is typically 
measured by the Snellen acuity scale.  If a 
person can read the 6/6 (20/20) line on the 
Snellen chart, he or she is considered to have 
normal visual acuity (i.e., good static visual 
acuity).  Dynamic visual acuity is the ability 
to resolve detail in moving objects. 
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Introduction

Iron is an essential micronutrient core 
to the effective functioning of the 

human body. Known to play a key role in 
the formation of haemoglobin, profound 
iron deficiency causes anaemia, and can 
detrimentally affect both performance and 
health through impaired oxygen carrying-
capacity and energy production. Whilst the 
role of iron supplementation has been well 
established for the correction of anaemia, 
increasing debate has surrounded the 
role of correcting low ferritin stores while 
haemoglobin levels remain within normal 
limits. Termed ‘iron deficiency non-anaemia’ 
(IDNA), proponents argue that iron plays 
a role not only in haemoglobin related 
oxygen transport, but also in tissue oxidative 
capacity, immune and cognitive function.1,2  

Such factors are significant for the possibility 
of influencing the performance of all  
athletes who rely upon effective aerobic 
respiration and metabolism to achieve their 
performance goals.

Oral iron supplementation has been a 
longstanding ferritin replacement strategy. 
While iron occurs naturally in both 
animal and plant-based sources, these 
are often insufficient on their own for the 
requirements of athletes with pre-existing 
deficiencies.3 The element itself is absorbed 
via the gut enterocyte, and mediated by 
the hormone hepcidin. Effects of iron 
supplementation on performance, dosing 
strategies for maximising iron absorption 
while mitigating common gut related side 
effects continues to be of ongoing salience. 

This review aims to detail knowledge 
surrounding basic iron metabolism, discuss 
sources and strategies for augmenting 

iron uptake, explore dosing strategies for 
varying sporting scenarios and discuss the 
more recent findings on the effect of oral 
supplementation on the iron deficient non-
anaemic endurance athlete. 

Metabolism and physiology of iron
Iron is a transition metal that acts as the 
central metal atom in the haemoglobin 
protein of the red blood cell. Haemoglobin 
and myoglobin proteins play a role in 
binding oxygen in a porphyrin ring, and 
haemoglobin helps to carry oxygen from 
lungs to skeletal muscle where it is then 
bound by myoglobin prior to undergoing the 
process of aerobic respiration. 

Iron is a key factor in the cytochromes and 
enzymes involved in electron transport in 
the energy-producing mitochondria and 
proponents have postulated that while IDNA 
might not impair haemoglobin oxygen 
carrying capacity, iron deficiency may still 
be detrimental to energy metabolism in 
both maximal and submaximal exercise 
performance if there are deficiencies to the 
components involved in aerobic respiration 
at the cellular level.4,5 

Physiologically, iron is absorbed via the 
divalent metal transporter1,6 in the gut 
enterocyte, and subsequently enters the 
bloodstream via the ferroportin transporter. 
It is then carried by the transferrin protein 
to the liver where it is either stored as 
ferritin or transported to iron consuming 
tissues.7 The absorption of iron is mediated 
by hepcidin, a hepatic peptide hormone 
that acts on ferroportin. In states of iron 
overload or inflammation, hepcidin 
downregulates ferroportin and reduces 
iron absorptive capacity. Exercise has 
been found to upregulate hepcidin via an 

acute inflammatory response1 and indeed 
inflammation is further exacerbated in 
states of low glycogen availability with 
increases in IL-6 induced hepcidin rises. 
This suggests that macronutrient availability 
may also impact upon iron metabolism and 
absorption.8

Natural sources of iron
For any athlete, nutritional counselling 
should always be combined with 
micronutrient supplementation to ensure 
sufficient energy intake, and appropriate 
fuelling to support recovery.9 Iron can be 
obtained from food sources in heme form 
via animal products, and non-heme form via 
plant-based foods. Heme iron found in red 
meat has around 15-30% absorptive capacity 
while non-heme iron present in plant-based 
products can have variable absorption 
ranging from 2-20%.3,10 Consuming 110-
179g of meat with other iron enhancing 
foods can be effectively equal to taking 
a 50mg ferrous sulphate supplement at 
maintaining serum ferritin, and may be 
more effective at protecting iron states than 
iron supplements.11 It is estimated that 
100mg of heme iron a day can replenish iron 
deficient stores in over 2-3 months.6

Foods with high levels of ascorbic acid 
such as citrus fruit, and tomatoes can 
enhance the absorption of iron when taken 
concurrently,3,6 while foods high in phytates, 
polyphenols, calcium and magnesium may 
bind to or competitively inhibit enteric iron 
absorption.1

Iron regulation and dosing strategies
The presence of hepcidin presents unique 
challenges for maximising the uptake of 
iron during supplementation. Along with 
exercise, hepcidin levels increase in response 
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to oral iron supplementation.12 Despite the 
attenuation of absorption, a six-fold increase 
in iron dosage (i.e. from 40 to 240mg) can 
still result in a three-fold increase in total 
iron absorbed due to absolute increases in 
consumed volume.13,14  However, enteric side 
effects such as nausea, constipation, cramping 
and diarrhoea1,15 from unabsorbed iron acts 
as a limiting factor for this strategy and is a 
common side effect of oral supplementation.

In New Zealand, oral iron supplementation 
can be found in both tablet and liquid 
formulations9,16 and be fully cost subsided 
($5) with prescription.16,17 The available 
chemical forms include ferrous fumarate, 
ferrous sulfate, or iron polymaltose containing 
65 to 100mg of elemental iron.9 Ferrous 
sulfate is the most commonly studied and 
best tolerated oral iron supplement.2,9 Varying 
dose regimes ranging from 40 to 150mg of 
elemental iron appear to be best tolerated 
for sufficient bioavailability and efficacy for 
maintenance and replacement strategies.2,7

On a practical level, authors have proposed 
prescribing 100mg of elemental iron once or 
twice daily along with nutrition counselling 
during training season for iron deficient 
athletes.9,10,18 Enteric coated and extended 
release formulations may have fewer gut 
side effects, but worse absorption rates.4 

Formulations such as iron proteinsuccinylate19 
or novel formulations such as Lactobacillus 
plantarum with iron combinations20 may 
enhance iron bioavailability and reduce 
gastrointestinal side effects.

Addressing potential side dffects of oral 
iron supplementation
For those experiencing enteric side effects, 
alternate day dosing may offer comparable 
benefits to daily dosing with reduced 
gastrointestinal side effects. Participants 
taking either alternate day or daily ferrous 
sulphate tablet both had a 60% increase 
in their ferritin levels over 8 weeks in a 
study performed by McCormick et al.21 

The same authors also found that morning 
iron supplementation is also more effective 
than afternoon dosing, hypothesising 
that hepcidin, typically peaking towards 
late afternoon, mitigates absorption.22 

Additionally, taking iron supplements away 
from a main meal may also improve absolute 
absorption.1

Despite having no means of excreting excess 
bodily iron,6 the rate of absorption from 
the gut means that the risk of iron overload 
from excess oral intake is extremely low.1 

However, the risk of iron overload includes a 
secondary haemochromatosis, and long term 
iron in excess that is unbound by ferritin or 

transferrin poses the risk of causing unwanted 
oxidation - potentially resulting in organ 
damage, lipid perioxidation, cell damage 
and subsequently, carcinogenesis.1,3,4 It is 
thus commonly advised that athletes  with a 
normal iron status should not be routinely 
supplemented.5,6

Supplementation of non-iron deficient 
athletes to prevent IDNA?
However, there are specific scenarios where 
with appropriate monitoring of serum 
iron levels, that supplementing endurance 
athletes may pose performance benefits. 
A recent study by Córdova et al. found 
that oral iron supplementation of non iron 
deficient elite cyclists for the three week  
duration of their race cycle reduced levels of 
the stress hormone cortisol, and prevented 
a decline in iron stores compared to those 
that were unsupplemented. While there was 
no measurable differences in performance, 
these findings suggest that regulated iron 
supplementation could neverthless aid in a 
more rapid recovery.19

Similarly, oral iron supplementation has 
shown to be important in correcting and 
preventing iron deficiencies for athletes 
preparing for altitude training to enable 
the benefits from hypoxia-induced 
erythropoesis.14,23 Indeed, athletes without 
iron supplementation over 2-4 weeks of 
altitude training were shown by Govus et al. 
to have a 33% decline in serum ferritin levels 
while those given a 105mg iron supplement 
still had a 14% ferritin decline. Those who 
received a 210mg daily iron supplement 
who had a 37% ferritin level increase and 
the greatest improvements in haemoglobin 
mass.23 These findings suggest that oral iron 
supplementation may play an important role 
in maintaining a normal iron state in those 
both normal, and iron deficient states at 
altitude. It thus has been recently proposed by 
Okazuki et al. that athletes should be titrated 
to serum ferritin levels of 40-90ng/ml prior 
to, and while spending time at moderate 
altitude in order to experience performance 
benefits.14

Does correcting IDNA offer performance 
benefits? 
The question remains surrounding whether 
correcting IDNA offers performance benefits 
given the role of iron in aerobic respiration 
at the cellular level. Dellavalle et al. found 
that supplementing IDNA collegiate rowers 
was statistically significant in improving 
rowing speed, and distance rowed.18  A 
review by Rubeor et al. suggested that 
replacing ferriting levels <20μg/L may offer 
performance benefits, but that replacement 

above this level is unlikely to be of value.2 
Sim et al. similarly noted that despite lack 
of measurable evidence on performance 
compromise, caveats in IDNA could still 
include compromised immune function, 
lethargy and weakness  related to impaired 
energy production and cellular function. 

Conclusion
Ultimately, the nature of endurance sports 
places athletes at risk of iron deficiency due to 
increased exercise and energy demands, and 
increased iron turnover. Proper monitoring of 
iron and haemoglobin status is an important 
factor for maintaining an athlete’s health and 
performance and screening frequency should 
be regulated based upon risk factors such as 
gender, history of deficiency, training loads, 
and symptoms.5,6,9,10

Serum iron should be primarily maintained 
through a balanced diet, but may also require 
oral supplementation to ensure adequate iron 
stores. Oral iron supplementation improves 
ferritin and transferrin parameters24 and 
ferrous sulfate is the most commonly trialled 
form of oral iron supplement. Alternate day 
dosing may be a novel measure for mitigating 
common gastrointestinal side effects of 
oral supplementation, and concurrent 
consumption of enhancers such as ascorbic 
acid, and probiotics such as Lactobacillus 
plantarum may aid in increasing iron 
absorption.

Preventing serum ferritin declines during 
prolonged, intense competition or prior to 
altitude exposure may also improve rates of 
recovery, and enable maximal returns on 
hypoxia induced erythropoeisis. While there 
is no clear evidence that IDNA affects oxygen 
transport, there are clinical studies and 
reviews which propose that IDNA may impair 
oxidative capacity, and potentially affect 
performance outcome measures at very low 
ferritin levels. Furthermore, addressing IDNA 
may offer benefit in improving cognitive, and 
immune function and perceptions of lethargy 
– something which, for elite endurance 
athletes, may maximise their capacity to 
perform at optimal health and flourish in the 
sport of their choice. 
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