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Key Points: 

1. Gender and sex are not the same thing. Biologically, sex is difficult to
dichotomize into two binary divisions, as there are a number of different
chromosome compositions consistent with either male or female sex.
Effectively regulating sports divisions based on sex is extremly unlikely, as
there are no singular or combinations of objective criteria that define male
and female.

2. On average, the so-called “gender gap” between men and women’s
performance in sport is estimated at 10% to 12%. This number increases to
about 15% for sports requiring a high degree of upper body strength.
However, the gap remains at 10-12% for sprint events in running, cycling,
and swimming. Additionally, the gap is much narrower at approximately 5%
for ultra-endurance sports. Sports like Olympic weightlifting and powerlifting
report a much larger gap of ~40%, but these numbers appear to be
confounded by other variables such as equity in participation and other
sociocultural influences.

3. The present data on transgender individuals suggest that any competitive
advantage maintained or acquired through the process of transitioning likely
falls within an acceptable range given the precedent set in the 2015 Dutee
Chand case. The Olympic Charter also encourages inclusion of individuals
irrespective without discrimination based on race, color, sex, sexual
orientation, language, religion, political or other opinion, national or social
origin, property, birth, or other status. While rules of sport to ensure “fair-play”
are arbitrary, depending on the interpretation of what this actually means, it is
important for those in a position of power to continually review information
and policies to ensure equity and equality in sports participation, to the extent
that’s possible.
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Introduction 
 
The role of gender in sports dates back to 1890’s and 
the birth of the modern Olympic movement. When 
asked about the inclusion of women in the Olympics, 
the founder of the International Olympic Committee 
(IOC) and father of the modern Olympic Games, Pierre 
de Coubertin, said, “ ​Women have but one task: that of 
crowning the winner with garlands.​” ​Warner 2006​ The 
Olympics of 1900 held in Paris, France allowed women 
to participate for the first time in just two sports: tennis 
and golf. Unsurprisingly, women’s participation in the 
Summer Olympics was low, at about 2% of all 
participants until 1924, the final year Coubertin was 
president of the IOC. ​IOC Factsheet   

Over the years, the IOC has gradually made strides towards including more competitive 
opportunities for women as well as leadership roles in sports administration. This has 
been a slow process, as women were only recently allowed to participate in Olympic 
Weightlifting at the 2000 Olympic games in Sydney, Australia. ​IOC Factsheet​ ​ Additionally, a 
2013 survey of over 1500 individuals who held leadership positions in international 
sports bodies revealed that only 13% were women, and 14 of the 56 executive 
committees included no women at all. ​SportAccord Factsheet​ ​Despite this, women’s participation 
in sport has been rising, as demonstrated by increased presence at the highest level of 
sport. At the London Games of 2012 and Rio Games of 2016, women made up about 
44% and 45% of all athletes, respectively. ​IOC Factsheet   

As women’s participation rates have steadily increased, a different question has 
emerged with respect to gender in sports: ​How do we determine who is eligible for 
the women’s division in sport? ​Put another way, how do we define “woman” and 
“man” for the purposes of athletic competition? 

This month, I’d like to take a deep dive into the issue of gender in sports. Specifically, 
we’ll review the history of gender eligibility testing in sport, gender differences in athletic 
performance, transgender-specific considerations, and a smattering of related 
biological, social, and legal issues. Overall, the issue of gender in sports is a sort of 
wicked problem - meaning it is difficult to solve due to incomplete knowledge, 
contradictory information, and changing requirements or inputs that prevent a neat and 
tidy solution. In any case, I’ll try my best to provide a representative view of the issue to 
help better inform you, the reader, to draw your own conclusions. Let’s begin! 

 

https://scholarworks.umass.edu/umpress_books/5/
https://stillmed.olympic.org/Documents/Reference_documents_Factsheets/Women_in_Olympic_Movement.pdf
https://stillmed.olympic.org/Documents/Reference_documents_Factsheets/Women_in_Olympic_Movement.pdf
https://www.sportanddev.org/en/article/news/sportaccord-releases-biannual-women-leadership-positions-factsheet
https://stillmed.olympic.org/Documents/Reference_documents_Factsheets/Women_in_Olympic_Movement.pdf


Gender Eligibility Testing 

Humans are typically born with 46 chromosomes, which are DNA (Deoxyribonucleic 
Acid) molecules carrying genetic information known as their “ ​genotype​”. The expression 
of this genetic information leads to the physical appearance and manifestations of a 
person known as their “ ​phenotype​”. Individuals receive 23 chromosomes from each 
parent during the fertilization process. Additionally, there is one specialized set of 
chromosomes that determine sex, e.g. the “X” and the “Y” chromosomes.  
 
While most women are genotypically 46 XX and most men are genotypically 46 XY, 
some individuals will be born with a single sex chromosome (45 X or 45 Y), known as 
sex monosomies​, or even multiple sex chromosomes (47 XXX, 47 XYY, etc.), which are 
known as ​sex polysomies​. Additionally, some phenotypic males are born with 46 XX via 
the inclusion of the small Sex-determining Region of the Y chromosome (SRY). ​WHO Gender 

and Genetics​ ​Similarly, some phenotypic females may be born 46 XY due to mutations in the 
Y chromosome that compromise its function. ​Interestingly, the prevalence of 46 XY in 
the female athletic population is about 7 per 1000, which is 140 times greater than 
what is seen in the general population. ​Bermon 2014  

Is is clear that science does not view sex in a binary way based on chromosomes, as 
there are many different chromosomal makeups that can be consistent with either the 
“male” or “female” sex. At present the best definition of sex is put forth by the 
Universisty of California San Francisco (UCSF) Transgender Care and Treatment 
Guidelines: 

“​Sex​: ​Historically has referred to the sex assigned at birth, based on assessment of 
external genitalia, as well as chromosomes and gonads. In everyday language is often 
used interchangeably with gender, however there are differences, which become 
important in the context of transgender people.”​UCSF Transgender Care and Treatment Guidelines 

While the current IOC and International Association of Athletics Federation (IAAF) both 
use the term “sex testing” in technical policies for eligibility testing, we will see through 
the lens of history that these organizations often conflate gender and sex. For a 
definition of gender, let’s again turn to the UCSF Transgender Care and Treatment 
Guidelines: 

“Gender identity: A person's internal sense of self and how they fit into the world, from 
the perspective of gender. 
 
Gender expression: The outward manner in which an individual expresses or displays 
their gender. This may include choices in clothing and hairstyle, or speech and 
mannerisms. Gender identity and gender expression may differ; for example a woman 
(transgender or non-transgender) may have an androgynous appearance, or a man 

https://www.who.int/genomics/gender/en/index1.html
https://www.who.int/genomics/gender/en/index1.html
https://www.ncbi.nlm.nih.gov/pubmed/25137421
https://transcare.ucsf.edu/guidelines/terminology


(transgender or non-transgender) may have a feminine form of self-expression.”​UCSF 

Transgender Care and Treatment Guidelines 
In other words, sex and gender are ​not ​ the same thing. Gender identity also has 
multiple lines of evidence suggesting it has a biological basis: 

●  A recent systematic review looked at studies involving individuals with Disorders 
(or Differences) of Sex Development (DSDs), which refers to ​anomalies of the 
sex chromosomes, the gonads, the reproductive ducts, and the genitalia. Two 
important studies looked at individuals who were 46 XY and had severe 
non-hormonal anatomic abnormalities of genital development including “penile 
agenesis, cloacal exstrophy, and penile ablation.” For many years, the standard 
treatment for these patients included female gender assignment and surgical 
feminization, yet some would forgo these treatments and be raised as males. 
While none of the patients raised as males initiated a gender change to female, 
two studies reported that 22% and 50% of those raised as females ended up 
changing their gender identity to male. The authors conclude, “ ​Although the 
cohort sizes in these studies were small, the data provide the strongest evidence 
for the biologic underpinnings of gender identity.​” ​Saraswat 2015 
 

● Twin studies also show a greater transgender concordance (40% compared to 
0%), i.e. the presence of the same trait in both twins, among identical twins 
compared to fraternal twins. ​Heylens 2012​ Identical twins occur when a single fertilized 
egg splits into two, whereas fraternal twins result when two different eggs are 
fertilized by two different sperm. 
 

● Neuroimaging studies show different brain structures and neurophysiology in 
those with “gender-incongruence”, i.e. those who have a gender identity that is 
different from their sex chromosomes. ​Luders 2012 
 

● Prenatal androgen exposure has been shown to play a role in gender identity 
formation, though there is dispute over the magnitude of this effect. ​Wilson 1999  

Taken together, the evidence suggests that there are biological inputs to both sex and 
gender, yet “biological sex” is a misnomer. Science has repeatedly shown us sex 
cannot be determined by any single characteristic or combination of characteristics. 
However, lines in the sand must somehow be drawn for sports that have gender 
divisions. Let’s take a trip down memory lane to see how it’s been done over time: 

● Pre-1966 ​: Reports and data on early gender eligibility testing are murky, however 
it appears that for registration at international events, e.g. the World 
Championships or Olympic Games, national federations relied on a medical 
certificate attached to the application form to validate the gender of a female 
athlete. In many cases, suspicions were raised as to the legitimacy of these 
documents and subsequently physical examinations were performed on women 

https://transcare.ucsf.edu/guidelines/terminology
https://transcare.ucsf.edu/guidelines/terminology
https://www.ncbi.nlm.nih.gov/pubmed/25667367
https://www.ncbi.nlm.nih.gov/pubmed/22146048
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3665407/
https://academic.oup.com/edrv/article/20/5/726/2530965


athletes.​Ferguson 1991 

● 1966-1967 ​: Universal testing of all women was introduced at the 1966 European
Athletics Championships in Budapest. According to multiple sources, female
athletes were required to walk naked and undergo visual genital inspection by a
panel of doctors to obtain eligibility to participate in competitive sport, which were
termed “naked parades.” ​Ferguson 1991​, ​Heggie 2010

● 1967-1996: ​ The IOC introduced the “buccal smear” test, which is comprised of a
swab taken from inside the cheek that allowed doctors to identify the presence of
multiple X chromosomes and thus, in theory, provide an objective basis for
distinguishing between women and men. The test was found to be unreliable, as
it falsely identified women with various genetic make-ups as men. ​Genel 2005

● 1996-2000: ​, The IAAF and IOC decided to use a different genetic test that
identified the sex-determining region of the Y chromosome to again, try to
objectively distinguish female from male. The new tests were used in the 1996
Summer Olympics in Atlanta, Georgia where 8 of 3,387 female athletes failed
them, although all were allowed to compete as women. ​Heggie 2010

● 2000-2011 ​: The IOC decided to abandon universal testing for female athletes in
favor of a “suspicion-based” approach, where athletes suspected of being men
competing in the women’s divisions would be tested. While, this move appeared
to be successful initially, as no screenings were performed at the Winter Olympic
Games of Salt Lake City in 2002, the Summer Olympic Games in Athens 2004,
and Winter Olympic Games in Torino 2006, the suspicion approach ultimately led
to officials subjecting athletes like India’s Dutee Chand and South Africa’s Caster
Semenya to testing and public scrutiny. We’ll cover this in some detail below.

● 2011-2018: ​ In 2011, the IAAF put forth a new set of guidelines to help determine,
once and for all, who was eligible for the female division in track and field sports.
To be eligible, individuals had to be recognized by law as female or intersex,
have testosterone levels less than 10 nmol/L for 6 months, which had to be
maintained during periods where individuals wished to remain eligible. In cases
where there was still uncertainty, the IAAF recommended a physical examination
to look for “feminine” characteristics, such as lack of body hair, shape of breasts,
and the presence of typical genital hair. To accomplish this, the IAAF used The
Tanner-Whitehouse Scale seen below.​IAAF 2011 Hyperandrogenism Guideline

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1478807/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1478807/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3007680/
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(05)67843-9/fulltext
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3007680/
https://silviacamporesiresearchdotorg.files.wordpress.com/2016/08/iaaf-hyperandrogenism-regulations-appendices.pdf


● 2018-Present: ​In April of 2018 the IAAF introduced new rules concerning
eligibility for the women’s divisions in track and field sports. Briefly, individuals
have to be recognized by law as female or intersex, have a testosterone level of
less than 5 nmol/L for 6 months prior to eligibility, and maintain this level for the
duration of their eligibility period. All physical exam criteria were removed from
the 2018 regulations.

Consider the case of Indian sprinter Dutee Chand, winner of two gold medals at the 
2014 Asian Junior Athletics Championships in the 100m sprint and 4x400m relays. Due 
to her impressive performance and “masculine build”, Chand had her testosterone 
levels tested by the Sports Authority of India. ​Mohanty 2014​ She failed that test and was no 
longer eligible to compete, as she had a testosterone level in excess of what was 

https://indianexpress.com/article/sports/sport-others/big-picture-i-am-who-i-am/


allowed by the 2011 IAAF Hyperandrogenism Eligibility Regulations. Chand appealed to 
the Court of Arbitration for Sport (CAS), the Swiss-based organization that settles 
disputes within international sports recognized by the IOC. In July of 2015, the CAS 
ruled in her favor stating: 

“According to the evidence reported by the IAAF, the competitive advantage that 
men have over women is approximately in the range of 10 to 12% while that the 
one enjoyed by hyperandrogenic athletes over other women would be between 1 
and 3%. This advantage is not sufficient to justify a separation in the category of 
female athletes since many other factors such as nutrition, coaching, other 
genetic and biological variations have an impact on athletic performance.”​CAS 2015 

Chand was ultimately reinstated and ended up qualifying for the 2016 Summer Olympic 
Games in Rio in the 100m sprint event, though she did not advance past the qualifying 
heats. While the CAS found that Chand ​maybe​ possessed a 1-3% performance 
advantage due to her testosterone levels, ​other​ factors, such as nutrition, coaching, 
genetics, etc. also have the potential to impact performance - yet these are not formally 
regulated in sport. 

Consider the case of Eero Antero Mäntyranta, the Finnish distance skier who won five 
Olympic medals (two gold, one silver, and two bronze) in the 1960s. In endurance 
events, the oxygen carrying capacity of the blood is an important biological factor in 
success. Hemoglobin, the protein inside red blood cells that binds oxygen for transport 
to active tissues, is produced by the bone marrow in response to erythropoietin or ​EPO​, 
a hormone produced by the kidneys. Athletes who use EPO do so in order to increase 
their hemoglobin levels so that they have more capacity to carry oxygen to active 
tissues. With more oxygen carrying capacity, the athletes can work at higher intensities 
for longer periods of time. ​Momaya 2015 
 
EPO works by binding to the EPO receptor on cells in the bone marrow. When EPO 
binds to the receptor, the cell starts making hemoglobin. There is also a portion of the 
EPO receptor that modulates this response, so that the cell doesn’t make ​too much 
hemoglobin. With that in mind, what would happen if an individual had a mutation in the 
EPO receptor that resulted in a broken “stop” signal, and the cell never got the message 
that there was already enough hemoglobin being produced? You’d get ​A LOT​ more 
hemoglobin production, almost as if someone was using exogenous EPO as a 
performance enhancing drug. 
 
Well, Mäntyranta (and much of his family) happens to have a mutation just like this. His 
EPO receptor gene has a small, single mutation that results in him having a hemoglobin 
level that’s about 65% higher than everyone else ​not ​taking EPO.​Epstein 2013  
 
Interestingly enough, there has never been any official regulation on hemoglobin levels 
for the purposes of athletic eligibility. Similarly, there’s never been any type of eligibility 

https://www.tas-cas.org/fileadmin/user_upload/Bulletin_2015_2_internet_.pdf
https://link.springer.com/article/10.1007/s40279-015-0308-9
https://www.amazon.com/Sports-Gene-Extraordinary-Athletic-Performance/dp/161723012X


criteria with respect to any other genetic condition, such as gigantism (e.g. Romania’s 
basketball player Gheorghe Mureșan) or Marfan’s syndrome (e.g. US volleyball player 
Flo Hyman) in professional sports. Nor do we use testosterone levels to determine male 
eligibility in sport, rather it is used solely for the purpose of determining eligibility in 
women’s sport.  
 
All told, I do not envy those who are in positions of power with respect to rule-making in 
sport. It seems incredibly difficult, if not impossible, to determine who is eligible for the 
women’s division in sport in both an equitable and equal manner. This is a wicked 
problem indeed! Let’s see if the science on the gender gap in performance can lend a 
hand in approaching this problem.  
 
The Gender Gap in Performance 
 
One way to objectively measure the difference between men and women’s 
performances at the elite level would be to compare the top 10 performers’s results from 
each gender across a wide variety of different events. A 2010 paper by Thibault ​et al. 
did just that, with the authors reporting the following findings: 
 

“ ​A stabilization of the gender gap in world records is observed after 1983, at a 
mean difference of 10.0% ± 2.94 between men and women for all events. The 
gender gap ranges from 5.5% (800-m freestyle, swimming) to 18.8% (long jump). 
The mean gap is 10.7% for running performances, 17.5% for jumps, 8.9% for 
swimming races, 7.0% for speed skating and 8.7% in cycling. The top ten 
performers’ analysis reveals a similar gender gap trend with a stabilization in 
1982 at 11.7%​.” ​Thibault 2010 

 
The 10-12% difference in performance between different genders has been 
corroborated in a number of other reviews, with exceptions in events where upper-body 
power is a major contributor and ultra-endurance swimming. In the former, the gender 
gap is larger, at more than 15%, and in the latter, the gap is now less than 5%. ​Sandbakk 2017 
 
However, there’s some nuance here, as different results emerge when we consider 
individual sports. Consider that the gender gap in Olympic weightlifting ​is at 36.8%, 
which is​ far​ greater than the average difference of 10-12% cited above. ​Thibault 2010​ A 
similar gap is seen when comparing international-level powerlifters, as a recent review 
of IPF competitors by the USAPL showed approximately a 40% difference in strength 
performance. ​Personal Communication Hunt 2019  
 
One way to look at this is to suggest that some biological factor such as testosterone, 
presence of a Y-chromosome, growth hormone levels, or some combination of 
biological factors have a greater opportunity to widen the gap in barbell sports 
compared to other sports where the onus on absolute strength is not as significant. 
There is evidence for all of these biological factors, which is reviewed in a 2018 paper 
by Handselman ​et al.​Handsleman 2018 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3761733/
https://journals.humankinetics.com/doi/abs/10.1123/ijspp.2017-0196
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3761733/
https://www.ncbi.nlm.nih.gov/pubmed/30010735


 
On the other hand, one might observe the larger gender gap in barbell sports and 
wonder if there may be other, non-biological factors involved.  For example, women 
weren’t allowed to compete in Olympic weightlifting until 1998 at any level and the 2000 
Summer Games in Sydney was the first Olympics where that women participated in 
weightlifting. ​Thibault 2010​  Also, about 50 world records in women’s weightlifting are set by 
Chinese athletes, which speaks to both the success of the Chinese recruitment and 
development systems as well as the relative competitiveness compared to the men’s 
divisions.​Guillaume 2009​ Competitiveness is driven by a number of factors, one of which is 
participation rates. Larger pools of competitors tend to increase the probability that there 
are multiple standouts, which drives competitiveness (and records) up. If we consider 
that ​it ​wasn’t until the 2012 Summer Olympic Games in London that every country's 
delegation included a female competitor combined with the short history of women’s 
participation in barbell sports, we might suggest that psychosocial and cultural factors 
are involved in the larger gender gap seen in barbell sports. ​Capranica 2013 

 
Based on present evidence, I think it’s reasonable to suggest that all of these factors 
contribute to the ranges of gender gap observed in sport. Sports with a long history of 
women’s inclusion and large athlete pools, such as running, cycling, and swimming 
demonstrate the 10-12% performance gap, even for sprint events like the 100 m race 
and all 100 m swim events. ​Sandbakk 2017​ Conversely, sports that require more upper-body 
muscle strength, e.g. canoeing, kayaking, and skiing, tend to have a gender gap of 
around 15%. ​Sandbakk 2017​ ​Finally, women actually tend to outperform ​men​ in open-water 
ultra-endurance swimming as the records for both the 32-km ‘Catalina Channel Swim’ 
and 46-km ‘Manhattan Island Marathon Swim’ are held by women. ​Knechtle 2014 

 
Despite this, the current data on powerlifting and Olympic weightlifting suggest a nearly 
3-fold increase in the performance gap between genders, which I think may be inflated 
by non-biological factors such as participation and coaching access, sociocultural 
factors, inequality at every level of sport, and more. Nevertheless, there are certainly 
real biological differences between men and women that we should address to lay the 
groundwork for this month’s review: 
 

● Height ​: On average, men tend to be 10-15 cm taller than women. ​Janssen 2000​ ​ One 
way to predict this in pediatric patients is to subtract 13 cm from the father's 
height and average that value with the mother's height for girls. For boys, 13 cm 
is added from the mother’s height and averaged with the father’s height. The 13 
cm represents the average difference in height of men and women. ​Tanner 1970​ ​It is 
thought that testosterone release during puberty ​is responsible for the average 
greater height in men. ​Courant 2010 
 

● Muscle Mass:  ​On average, men tend to carry 30-40% more lean body mass 
than women. ​Janssen 2000​ However, height and weight influence muscle carrying 
capacity for an individual regardless of sex or gender. ​Heymsfield 2015​,​Gallagher 1997 
Interestingly, when correcting for height and total body weight, the gap narrows 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3761733/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0007573
https://www.researchgate.net/publication/234097869_The_Gender_Gap_in_Sport_Performance_Equity_Influences_Equality
https://journals.humankinetics.com/doi/abs/10.1123/ijspp.2017-0196
https://journals.humankinetics.com/doi/abs/10.1123/ijspp.2017-0196
https://www.ncbi.nlm.nih.gov/pubmed/24584647
https://www.physiology.org/doi/full/10.1152/jappl.2000.89.1.81?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub%3Dpubmed&
https://www.ncbi.nlm.nih.gov/pubmed/5491878
https://www.ncbi.nlm.nih.gov/pubmed/19933393
https://www.physiology.org/doi/full/10.1152/jappl.2000.89.1.81?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub%3Dpubmed&
https://www.ncbi.nlm.nih.gov/pubmed/25851205
https://www.ncbi.nlm.nih.gov/pubmed/9216968


to about a 10% difference in lean body mass between men and women across 
the entire lifespan. ​Kirchengast 2010​ Additionally, ​a number of other ​factors contribute to 
the regulation of adult muscle mass, including genetics, race, adiposity, training, 
diet, and birth order. ​Heymsfield 2015​ ​Importantly, ​data from twin studies suggests about 
∼50% to 60% of the difference in muscle mass and strength is due to genetic 
factors. ​Silventoinen 2003​, ​Beunen 2004​, ​Silventoinen 2008 
 

● Body Fat: ​Whereas men tend to have 10% greater lean body mass than women 
of the same height and weight, women have about 10% greater body fat than 
men. This gap also tends to be preserved over the entire lifespan. ​Kirchengast 2010  
 

● Strength/Power: ​As described above, men tend to be taller, heavier, and carry 
more muscle and less fat than women. However, when we normalize existing 
strength data for fat-free mass, which is an approximation of skeletal muscle 
mass, there are no sex differences in strength and power. ​van den Tillaar 2004​ For 
example, Slawinski ​et al​. looked at world-class sprinters’ peak acceleration after 
1 second. After normalizing for body mass, men and women had approximately 
the same peak acceleration power. ​Slawinski 2017​ Additionally, power output 
performances for the Wingate test, which is used to express the anaerobic power 
during cycling, showed no differences between men and women when 
normalized for fat-free mass. ​Perez-Gomez 2008​ ​Finally, men and women appear to 
respond similarly to resistance training, with no gender-specific responses noted 
after 10-weeks of resistance training. ​Gentil 2016 

 

● Hemoglobin: ​As described above in the Eero ​Mäntyranta story, hemoglobin is 
responsible for carrying oxygen around to active tissues. On average, 
hemoglobin levels are 12% higher in males than females, which is thought to be 
due to the effect of testosterone ​.​Shahani 2009 
 

● Testosterone: ​ In healthy males, testosterone has a wide range of normal, e.g. 
250 -1000 ng/dL, with some slight variation on the upper and lower limits 
depending on the laboratory and age of the individual. ​Morales 2015​  Women also 
have a range of normal, e.g. 20-60 ng/dL ​, ​with additional variation based on the 
lab and phase of the menstrual cycle. ​Longcope 1986​ Experimental evidence reflects a 
nearly 5-fold difference in average testosterone levels between men and 
women. ​Clark 2018​ ​With respect to testosterone, the CAS said the following in the 
Chand case,” ​The Panel has accepted that testosterone is the best indicator of 
performance difference between male and female athletes. However, the 
evidence does not equal the level of testosterone in females with a percentage 
increase in competitive advantage.”​CAS 2015 

 

Taken together, we now have a good idea of the size and components of the 
performance gap between the genders. What we ​don’t​ know, however, is what sort of 
performance gap there would be, if any, when an individual changes gender. In other 
words, does a trans-woman maintain the performance advantages after transitioning? 

https://www.tandfonline.com/doi/abs/10.1080/09751270.2010.11885146
https://www.ncbi.nlm.nih.gov/pubmed/25851205
https://www.ncbi.nlm.nih.gov/pubmed/14624724
https://www.ncbi.nlm.nih.gov/pubmed/15604933
https://www.ncbi.nlm.nih.gov/pubmed/18271028
https://www.tandfonline.com/doi/abs/10.1080/09751270.2010.11885146
https://www.ncbi.nlm.nih.gov/pubmed/14624295
https://www.ncbi.nlm.nih.gov/pubmed/26644061
https://www.ncbi.nlm.nih.gov/pubmed/18084774
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4756754/
https://www.ncbi.nlm.nih.gov/pubmed/19494706
https://www.ncbi.nlm.nih.gov/pubmed?term=26504097
https://www.ncbi.nlm.nih.gov/pubmed?term=3013468
https://www.ncbi.nlm.nih.gov/pubmed/30136295
https://www.tas-cas.org/fileadmin/user_upload/Bulletin_2015_2_internet_.pdf


 
One way to assess this is to look at women with ​hyperandrogenism​, i.e. women with 
testosterone levels that approach (and in some cases exceed) the lower end of the 
normal range for men. Hyperandrogenism can occur a number of different ways 
including Disorders (or Differences) of Sexual Development (DSD), Polycystic Ovarian 
Syndrome (PCOS), Congenital Adrenal Hyperplasia (CAH), and more. 
 
To reiterate, in the case of Dutee Chand discussed earlier, the CAS weighed in on this 
issue using a panel of medical experts: 
 

“According to the evidence reported by the IAAF, the competitive advantage that 
men have over women is approximately in the range of 10 to 12% while that the 
one enjoyed by hyperandrogenic athletes over other women would be between 1 
and 3%. This advantage is not sufficient to justify a separation in the category of 
female athletes since many other factors such as nutrition, coaching, other 
genetic and biological variations have an impact on athletic performance.”​CAS 2015 

This has interesting implications for transgender women interested in participating in 
sports, as it would seem that a competitive advantage of less than 3% would grant them 
eligibility to participate in the women’s division. Conversely, a competitive advantage of 
10-12% or greater would require a different solution for inclusion into sport. Let’s now 
turn our focus towards transgender-specific considerations. 
 
Transgender-Specific Considerations 
 
Let’s start out by defining what it means to be transgender. Again, the UCSF 
Transgender Care and Treatment Guidelines provide insight: 

● Transgender​: A person those gender identity differs from the sex that was 
assigned at birth. May be abbreviated to trans. A transgender man is someone 
with a male gender identity and a female birth assigned sex; a transgender 
woman is someone with a female gender identity and a male birth assigned sex. 
A non-transgender person may be referred to as cisgender (cis=same side in 
Latin).​UCSF Transgender Care and Treatment Guidelines 

At present, there are a number of different policies put forth by international 
organizations. Most of them have similar requirements to the IOC, which is listed in full 
below: 
 

● International Olympic Committee (IOC) ​:  
○ Those who transition from female to male are eligible to compete in the 

male category without restriction.  
○ Those who transition from male to female are eligible to compete in the 

female category under the following conditions:  

https://www.tas-cas.org/fileadmin/user_upload/Bulletin_2015_2_internet_.pdf
https://transcare.ucsf.edu/guidelines/terminology


■ The athlete has declared that her gender identity is female. The 
declaration cannot be changed, for sporting purposes, for a 
minimum of four years.  

■ The athlete must demonstrate that her total testosterone level in 
serum has been below 10 nmol/L for at least 12 months prior to her 
first competition (with the requirement for any longer period to be 
based on a confidential case-by-case evaluation, considering 
whether or not 12 months is a sufficient length of time to minimize 
any advantage in women’s competition).  

■ The athlete's total testosterone level in serum must remain below 
10 nmol/L throughout the period of desired eligibility to compete in 
the female category. ​IOC Consensus 2015 

 
The other organizations listed below tend to have similar, if not identical procedures to 
the IOC, however there are some notable differences that I’ll briefly list: 
 

● National Collegiate Athletic Association (NCAA): ​The NCAA differs from the 
IOC in that it requires Female-to-Male (FTM) trans athletes to obtain a medical 
exception for treatment with testosterone for diagnosed Gender Identity Disorder 
or gender dysphoria and/or Transsexualism. These individuals are no longer 
eligible to compete on a women’s team without changing that team status to a 
mixed team. While there are no set cut-offs for testosterone levels published for 
either FTM or Male-to-Female (MTF) trans athletes, MTF athletes must have 
documentation of testosterone suppression for one year prior to being eligible to 
compete on a women’s team. That being said, MTF athletes can compete prior to 
the full one year of suppression, but the women’s team designation will be 
changed to “mixed team” status until completion of one year of suppression. ​NCAA 

Inclusion of Transgender Student-Athletes 2011 
 

● CrossFit: ​CrossFit follows the IOC’s lead in all policies outside of requiring legal 
documentation of their gender, e.g. state ID or driver’s license, and having a 
provision for athlete’s whose total testosterone levels are greater than the IOC’s 
cut-off of 10 nmol/L. These athletes must demonstrate that they have a genetic 
condition that affects the bioavailability of their serum testosterone, such as 
hyperandrogenism (e.g., PCOS in rare cases), androgen insensitivity syndrome 
or 5-alpha reductase deficiency to remain eligible for participation in the women’s 
division.​CrossFit Rulebook 2019 

 

● United States Weightlifting (USAW): ​The USAW uses the IOC’s policy to the 
letter, though they do require more extensive documentation and hormonal 
suppression. Athletes wishing to change their gender identify need to have a 
written letter requesting eligibility to participate as a different gender, a 
confirmation of gender identity from a medical professional, and legal 
documentation of their identified gender. With respect to hormonal suppression in 
MTF athletes, the USAW requires two years of hormone therapy, instead of just 

https://stillmed.olympic.org/Documents/Commissions_PDFfiles/Medical_commission/2015-11_ioc_consensus_meeting_on_sex_reassignment_and_hyperandrogenism-en.pdf
https://www.ncaa.org/sites/default/files/Transgender_Handbook_2011_Final.pdf
https://www.ncaa.org/sites/default/files/Transgender_Handbook_2011_Final.pdf
https://games.crossfit.com/rules/open


one as listed by the IOC to minimize gender related competitive advantages. For 
FTM athletes desiring hormone therapy, documentation must be provided 
certifying the athlete’s therapy is being monitored by a medical doctor and is not 
being used as a way to enhance athletic advantage.​USAW Transgender Policy 

 

● United States of America Powerlifting (USAPL) and International 
Powerlifting Federation (IPF) ​: While both organizations recognize the IOC’s 
policy on transgender participation in sports, there is only limited opportunity for 
trans athletes to participate. Specifically, transgender women are not allowed to 
compete in the women’s division, but are allowed to compete in the men’s 
division. If they are taking spironolactone, a common anti-androgen used in 
combination with synthetic estrogen for transitioning individuals, they must obtain 
a therapeutic use exemption (TUE) in order to participate and comply with 
existing WADA regulations. Transgender men, or any athlete taking testosterone, 
may not participate in USAPL or IPF competitions, with ​or without a Therapeutic 
Use Exemption form ​ (no TUEs are available in USAPL or IPF for testosterone 
therapy). However, transgender men may participate in the men’s division if they 
are not taking testosterone or any other prohibited substances. ​USAPL Transgender Policy 

 
At present, it appears that registering for an event sanctioned by CrossFit, USAW, or 
IAAF requires transgender women to maintain testosterone levels of less than 10 
nmol/L for a period of either 1 year (CrossFit and IAAF) or 2 years (USAW) to be eligible 
for the women’s division. Conversely, no objective limits have been placed on 
transgender men for testosterone levels, despite receiving exogenous testosterone 
support. 
 
Interestingly, none of the organizations listed here define sex or gender for the 
purposes of participation eligibility. ​ Said differently, nobody has definitively said who 
is​ and who ​isn’t ​a female (or male). What’s more, is that none of the organizations list 
testing policies and procedures for sex (or gender) verification, which follows the IOC’s 
decision from 2000 to eliminate routine sex testing in individuals. When discussing this 
issue with the USAPL’s TUE Chair, Dr. Kris Hunt, he lamented that there isn’t any way 
to do this objectively and even if there was, the costs would likely be prohibitive. ​Personal 

Communication Hunt 2019 

 

It appears there is a concern for “gender fraud” ​, specifically the fear that men will 
attempt to impersonate women athletes in pursuit of athletic success and accompanying 
accolades. However, there are precisely zero examples of a man posing as a woman in 
elite athletics in at least the past 50 years. ​Pielke 2016​ ​Conversely, there are examples of 
women posing as men in order to participate in sport, e.g. Kathrine Switzer using only 
her initials to run the 1967 Boston Marathon that was then closed to women. ​Switzer 2007​ It 
would seem that gender fraud in sport is an example of an “academic urban legend” —a 
falsehood repeated so often by academics (and others) that it comes to be accepted as 
true. ​Rekdal 2014  
 

https://www.teamusa.org/-/media/USA_Weightlifting/Documents/Athlete-Programs/Policies/USAW-Transgender-Policy-PDF.pdf
http://www.usrowing.org/
http://www.usrowing.org/
https://www.usapowerlifting.com/transgender-participation-policy/
https://www.amazon.com/Edge-against-Cheating-Corruption-Cutthroat/dp/1938901576
https://www.runnersworld.com/runners-stories/a20801860/kathrine-switzer-runs-the-boston-marathon/
https://journals.sagepub.com/doi/full/10.1177/0306312714535679


If gender fraud isn’t really “a thing”, then what’s with all the regulation? It would seem as 
though ensuring a level playing field while fostering participation in sport are the major 
goals. However, ​these policies arguably limit eligibility for participation under the guise 
of fairness, i.e. inclusion in the absence of advantage. Yet some may interpret them as 
discriminatory, especially when considering the fourth and sixth Fundamental Principles 
of Olympism listed in the Olympic Charter: 
 
Fundamental Principle Number Four 
The practice of sport is a human right. Every individual must have the possibility of 
practising sport, without discrimination of any kind and in the Olympic spirit, which 
requires mutual understanding with a spirit of friendship, solidarity and fair play. 
 
Fundamental Principle Number Six 
The enjoyment of the rights and freedoms set forth in this Olympic Charter shall be 
secured without discrimination of any kind, such as race, colour, sex, sexual orientation, 
language, religion, political or other opinion, national or social origin, property, birth or 
other status.​Olympic Charter 2018 

 
For transgender athletes, the question of eligibility is complex and raises scientific, 
social, and legal issues. While it would be inappropriate to look only to science for a 
clear-cut answer, gathering more information might allow us to have a more informed 
opinion and offer better solutions to this wicked problem. In this month’s research 
review, let’s take a look at one of the seminal studies on changes observed in 
transgender individuals before and after their transitions. 
 
Purpose 
 
The main purpose of the article being reviewed and this month’s BMR is to answer the 
question, “ ​What, if any, objective performance differences persist in transgender 
athletes after the process of transitioning?​” 
 
Additionally, my BMR contribution this month aims to provide much-needed background 
information in understanding the topic of transgender athletes participation in sport, i.e. 
terminology, current rules and guidelines, and related scientific data. 
 
Finally, while it is inappropriate for me, an individual with no rule-making power in the 
world of sport, to extrapolate these findings to determine what constitutes “fair 
competition”, as there will always be an element of arbitrariness when it comes to 
making the rules of sport, I do feel compelled to offer some possible solutions to the 
problem. Nevertheless, I expect these recommendations to be interpreted differently, 
accepted, or criticized depending on the levels of arbitrariness an athletic organization 
(or individual) is willing to accept. 
 
 
 

https://stillmed.olympic.org/media/Document%20Library/OlympicOrg/General/EN-Olympic-Charter.pdf#_ga=2.142057716.734810397.1562089512-1140457529.1561998611


Subjects 
 
This retrospective study looked at data from 17 female-to-male (FTM) and 19 
male-to-female (MTF) transgender individuals.  
 
The FTM individuals had an average age of 24.6 years (range 16-33) and were healthy, 
as assessed by their medical histories, physical examinations, and laboratory 
measurements. These individuals received 250 mg of testosterone every two weeks 
delivered via injection. Data was collected prior to and after 1 and 3 years of 
testosterone administration. Prior to hormonal administration, the individuals had the 
following characteristics: 
 

● Average weight 60.7 kg 
● Average height 167.1 cm 
● Average BMI 21.7 kg/m ​2 

● Average Muscle Area 238.8 cm ​2  
● Serum Testosterone 1.6 nmol/L 

 
The MTF individuals had an average age of 26.6 years (range 18-37) and were healthy, 
as assessed by their medical histories, physical examinations, and laboratory 
measurements. Data was collected prior to and after 1 and 3 years of hormonal 
suppression using the anti-androgen cyproterone acetate, which is stopped after the 
first 2 years, and the synthetic estrogen ethinyl estradiol, taken indefinitely. Both 
medications were administered orally. Prior to hormonal suppression, the individuals 
had the following characteristics: 
 

● Average weight 66.1 kg 
● Average height 177.8 cm 
● Average BMI 20.8 kg/m ​2 

● Average Muscle Area 306.9 cm ​2  
● Serum Testosterone 21.5 nmol/L 

 
Of note, cyproterone acetate is a medication brought to market as an oral contraceptive 
for women (in combination with estrogen) in Europe in the 1970’s and later Canada in 
the 1980s. It was never approved for use in the United States. With respect to its 
anti-androgenic effects, its mechanism of action is interesting, as it inhibits Luteinizing 
Hormone (LH) release from the pituitary gland. In response to this reduction in pituitary 
LH secretion, the testes produce less testosterone. Cyproterone also blocks the binding 
of dihydrotestosterone (DHT), which is a potent metabolite of testosterone that has a 
greater affinity for the androgen receptor when compared to testosterone. ​Neumann 1999   
 
In the United States, spironolactone (trade name Aldactone) is the most widely used 
drug for transgender women (e.g. MTF individuals). Mechanistically, spironolactone 
inhibits binding of testosterone to the androgen receptor (e.g. competitive inhibition) and 
prevents the testes from making testosterone. 

https://link.springer.com/chapter/10.1007/978-3-642-45745-6_3
https://link.springer.com/chapter/10.1007/978-3-642-45745-6_3


 
Spironolactone can be prescribed off label to treat hormonal acne (e.g. acne vulgaris) in 
adult women. ​Zaenglein  2016​ ​Additionally, spironolactone is commonly prescribed as an 
adjunctive treatment for ​hirsutism​ (facial hair growth) associated with polycystic ovarian 
syndrome (PCOS) if initial treatment with oral contraceptives produce suboptimal 
results. ​Martin 2018​ With that being said, spironolactone is currently on the World 
Anti-Doping Agency’s prohibited substance list, as it can be used as both a masking 
agent and a diuretic. ​WADA 2019​ However, athletes can have their physician submit a 
request for a therapeutic use exemption or “TUE” in order to use spironolactone outside 
of competition, e.g. the athletes must stop using the medication 5 days prior to 
competition. 
 
Interestingly, the USAPL has performed a retrospective internal data review on female 
powerlifters  who received a TUE for spironolactone to characterize the effect of the 
medication on strength performance. Based on the data of ~25 female competitors, it 
appears that there is a slight reduction in strength performance (e.g. powerlifting total) in 
the short-term and no long-term performance effect. ​Personal Communication Hunt 2019  
 
Methods 
 
Anthropometric data was measured as follows: 

● Body weight was measured to the nearest 0.1 kg using a digital scale 
● Height was measured to the nearest 0.1 cm with subjects wearing only 

underwear 
● Magnetic resonance imaging (MRI) was used to determine muscle cross 

sectional area at the level of the thigh using the same anatomical markers for all 
subjects. 

● Body fat measurements were assessed via both skin caliper testing and 
bioelectrical impedance (BIA)  

 
Laboratory data was measured as follows: 

● All blood samples were obtained after an overnight fast. 
● Standardized radioimmunoassays were used to measure levels of testosterone 

and estrogen levels. 
● Standardized immunoradiometric assays were used to measure sex 

hormone-binding globulin and IGF-1 levels. 
● Hemoglobin levels were measured from blood samples using an automated cell 

counter  
 
Food intake was assessed with the use of the Dutch EPIC food frequency 
questionnaire. 
 
All anthropometric and laboratory data were measured prior to any intervention and 
then remeasured at 12 months. Some data was also remeasured at 36 months post 
intervention, e.g. testosterone levels and muscle cross sectional area. 

https://www.jaad.org/article/S0190-9622(15)02614-6/abstract
https://www.ncbi.nlm.nih.gov/pubmed/29522147
https://bit.ly/2RDGM3s


Findings 
 
Data after 1 year of testosterone suppression in MTF are reflected in Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: ​Male to Female transgender individuals prior to testosterone suppression and 
1 year after testosterone suppression. 
 
We can see that body weight increased by 3.8 kg (8.3 lbs) while muscle 
cross-sectional area dropped by nearly 40 cm ​2​, which represents an increase in 
body fat and loss of muscle mass. ​ Hemoglobin and IGF-1 also decreased, which 
likely corresponds to the reduction of testosterone levels to castration levels. 
Unpublished data from these same authors show a further reduction in muscle cross 
sectional area to 271cm ​2​ after three years of hormone suppression, however no weight 
or BMI data is available from the three year follow up. 
 
Data after 1 year of testosterone administration in FTM are reflected in Figure 2.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: ​Female to male transgender individuals prior to testosterone administration 
and 1 year after testosterone administration. 



 
We can see that body weight increased by 3.4kg (7.5lbs) while muscle 
cross-sectional area increased by nearly 47cm ​2​, which represents a decrease in 
body fat and increase in muscle mass ​- the exact opposite of the data seen in MTF 
individuals. Unpublished data from these same authors show a slight reduction in 
muscle cross sectional area to 280cm ​2​ after three years of hormone suppression, 
suggesting a likely plateau effect of bringing testosterone levels up to that of a  
“eugonadal” male. 
 
Additionally, quantitative comparisons for muscle cross sectional area at the thigh were 
also made between the subjects prior to transitioning and after hormonal suppression or 
administration had taken place for one year, as shown in Figure 3.  
 

 
Figure 3: ​Muscle cross sectional area comparisons between subjects pre and post 
hormonal administration (FTM) or suppression (MTF), respectively. 
 
The casual reader will notice the significant overlap in muscle cross sectional areas 
between all of the subjects. The mean cross sectional areas, which are labeled with an 
empty circle, suggest that pre-transition men (46, XY) tend to have greater muscle cross 
sectional area than pre-transition women (46, XX).  However, if we take a closer look 
we can also see the considerable overlap between trans women (46, XY after 
testosterone deprivation) and cis women (46 XX before testosterone treatment).  
 
While the average amount of muscle cross sectional area in trans women is about 39 
cm ​2​ higher than cis women, the overlap in range of muscle cross sectional areas is 
remarkable. The authors stumbled upon this as well, remarking: 



“After 1 year of androgen deprivation, mean muscle area in MTF had 
decreased significantly but remained significantly greater than in FTM 
before testosterone treatment, though with an overlap that was almost 
complete when androgen-deprived MTF were again compared to untreated 
FTM.” 

The authors also found that height strongly predicted muscle cross-sectional area. 
Subjects with an XY genotype were on average 10.7 cm taller, which strongly correlated 
to muscle cross sectional area after correction for the effect of genotype, e.g. XY or XX. 

Why does this article matter? 

This article, published by a leading expert in endocrinology and transgender medicine, 
is one of the only published studies on the musculoskeletal effects of gender transition. 
It provides useful insight into the expected outcomes from the standard treatments in 
both MTF and FTM transgender individuals. When combined with other existing 
literature on similar topics, we can start to get a clearer picture of this issue and become 
more informed. 

For example, Joanna Harper is a medical physicist, distance runner, and advisor to the 
IOC on matters of gender and sport. She was intstrumental in developing the 2015 IOC 
transgender policy and advises on matters of gender and sport. She is also a 
transgender woman. In 2015, she published a study looking at race times of 8 
transgender women before and after transition. She reported: 

“Collectively, the eight runners were much slower in the female gender; slow 
enough, in fact, that their age-graded performances were almost identical to their 
male AGs. Two of the runners had higher average AGs in male gender than in 
female gender, while one runner had higher female AGs than male ones. The 
changes in the age grades of these runners mirrored changes in their training 
habits. ​”​Harper 201​5

*AG= age grading, a method of comparing the performance of athletes for all ages and both sexes. For running events, the athlete’s
race time (RT) is compared to the fastest time ever run by a person of that age and sex, or the age standard (AS)

A 2009 cross-sectional study by T’Sjoen ​et al. ​looked at 50 individuals who transitioned 
from male to female with anti-androgen medication and sex reassigment surgery. After 
12 months of HRT, they reported a “strikingly lower muscle mass” and additionally, 
increased fat mass compared to pretreatment values and reference controls. However, 
no absolute values for change in muscle or fat mass were reported ​.​T’Sjoen 2009​ Taken 
together with the Gooren ​et al. ​study discussed in this month’s research review, it’s 
clear that muscle mass decreases markedly in MTF transgender individuals.  

https://www.semanticscholar.org/paper/Race-Times-for-Transgender-Athletes-Harper/1e6abd2c1e03ba88e9ac8da94ea1d69ff3f4878a
https://www.ncbi.nlm.nih.gov/pubmed/19121966
https://www.ncbi.nlm.nih.gov/pubmed/19121966


Despite the overlap in muscle cross-sectional area between cis-women (pre-transition) 
and trans-women, it also appears that trans-women ​do​ carry more muscle mass than 
cis-women at 1 year post-transition. While Gooren ​et al. ​concluded that transgender 
male individuals are likely to be able to compete without an athletic advantage 1-year 
post-cross-sex hormone treatment, they did not test this objectively. In other words, we 
can’t say if trans-women are stronger after transition than cis-women, on average. 
 
Unfortunately, that’s all we have for quantitative data on transgender athletes. All of the 
other literature discusses policy, fairness, and other qualitative data. In the 2011 NCAA 
Policy on Transgender Student-Athletes, Eric Vilain, a ​physician, professor, and Director 
of the Center for Gender-Based Biology and Chief Medical Genetics Department of 
Pediatrics at UCLA, says: 
 

“Androgen deprivation and cross sex hormone treatment in male-to-female 
transsexuals reduces muscle mass; accordingly, one year of hormone therapy is 
an appropriate transitional time before a male-to-female student-athlete 
competes on a women’s team.”​NCAA Inclusion of Transgender Student-Athletes  

 
And yet, there is still uncertainty regarding the “fairness” aspect. Reflecting back to the 
Dutee Chand case that was settled by the CAS, we have precedent that competitive 
advantage of 3% or less due secondary to testosterone exposure is considered 
acceptable. ​CAS 2015​ Perhaps if we had robust retrospective data looking at transgender 
athletes across a wide variety of sports we could characterize what advantage, if any, 
transgender individuals have. At present however, we focus on testosterone, which I 
think is a bit reductionist. You see, sports are divided into women’s and men’s 
categories, and not “low testosterone” and “high testosterone” divisions - or any other 
biological variable for that matter. The CAS added the following in the case of Dutee 
Chand: 

“The Panel found that the Athlete has established that it is prima facie 
discriminatory to require female athletes to undergo testing for levels of 
endogenous testosterone when male athletes do not. In addition, it is not in 
dispute that the Hyperandrogenism Regulations place restrictions on the 
eligibility of certain female athletes to compete on the basis of a natural physical 
characteristic (namely the amount of testosterone that their bodies produce 
naturally) and are therefore prima facie discriminatory on that basis too.”​CAS 2015 

In 2012, Dr. Katrina Karkazis and Dr. Rebecca Jordan-Young, two influential bioethicists 
published a landmark paper, ​Out of Bounds, A Critique of the New Policies on 
Hyperandrogenism in Elite Female Athletes​ in the American Journal of Bioethics. In this 
article, the authors review the controversies over eligibility policies and conclude with 
respect to testosterone: 

https://www.ncaa.org/sites/default/files/Transgender_Handbook_2011_Final.pdf
https://www.tas-cas.org/fileadmin/user_upload/Bulletin_2015_2_internet_.pdf
https://www.tas-cas.org/fileadmin/user_upload/Bulletin_2015_2_internet_.pdf


“Despite the many assumptions about the relationship between testosterone and 
athletic advantage, there is no evidence showing that successful athletes have 
higher testosterone levels than less successful athletes.”​Karkazis 2012 

Overall, my view is that testosterone levels don’t matter nearly as much as people think 
in the context of athletic performance when it comes to cis-gendered athletic 
competition, and therefore ​should not be used to determine eligibility for participation in 
women’s sports​. With that said, I am less confident about the importance of ​ previous 
exposure to endogenous testosterone (in the case of MTF individuals) or current 
exposure to exogenous testosterone (in the case of FTM individuals) among 
transgender athletes. For the sake of argument let’s assume that in the case of 
transgender women, previous exposure to testosterone does confer an advantage and 
is associated with greater athletic prowess. My response -- which may be different than 
yours -- is “So what?” 

In a thought experiment, let’s suppose the previous paragraph was rewritten with 
“height” or “body weight”, as there are numerous examples of cis-women with 
exceptional height and/or weight, typically reserved for cis-men, who are very 
successful athletically. Should they be ineligible to participate in the women’s division 
because of their more typically “male” height or weight? While endocrinology in sports is 
fascinating, my view is that it’s no more relevant to gender eligibility policy than any 
other naturally occurring human characteristic, regardless of gender. Drawing arbitrary 
lines in the sand have the potential to hurt people, however, as demonstrated by Dutee 
Chand and transgender individuals who are ineligible to compete in their sport of choice 
based on current policies. 

As it stands however, I have no rule-making power or authority within the athletic 
community to effect change outside of conveying complex topics through the lens of 
science. However, I do think it would be unfair of me to point out all these issues without 
suggesting potential solutions. In my view, there are three viable solutions to this 
problem: 

1. Assess ​Gender like Nationality ​: Given that science is having an incredibly 
difficult time trying to figure out what makes a woman a woman and a man a 
man, perhaps we should stop trying to use science as the end-all, be-all. Instead, 
we could use a process similar to how international sports organizations regulate 
nationality. Nationality is also a touchy subject, as an “anything goes” policy 
might result in a situation where athletes are traded between competing nations. 
Additionally, a person’s nationality is not binary and, like gender and sex, cannot 
be defined satisfactorily by science. Can you imagine trying to describe 
someone’s “American-ness”?  
 
A parent organization like the IOC could require individuals to register as a 
particular gender at a qualifying event, e.g. a national or 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5152729/


internationally-sanctioned competition, which would take place across all age 
divisions as well. Then, once an athlete becomes an adult, he or she would sign 
an affidavit testifying to his or her gender. Policies would also have to be in place 
to cover if an adult wishes to change their gender, similar to the current IOC rules 
about declaring one’s gender no more frequently than once every four years. 
This policy has the benefit of being consistent with how science currently views 
gender and sex without limiting the inclusion of individuals based on arbitrary 
consensus decisions.​Harper 2018 

 

2. Open an Additional Division: ​Another idea -- though one that does not address 
the inherent problems of regulating gender and sex in sport -- could involve the 
addition of a third division in sports for transgender individuals to participate. The 
LGBT International Powerlifting Championships introduced the “MX” division for 
inclusion of transgender and intersex athletes in 2018. ​Gay Games Website​ ​The benefits 
of this idea are two-fold: 1) Transgender, intersex, and non-binary individuals get 
to compete in their sport of choice immediately; and 2) Objective data can be 
collected about performances relative to cis-gendered athletes in order to further 
the discussion about inclusion of transgendered and intersex individuals in 
conventional sports’ two gender divisions, if desired. 
 
Joanna Harper, who was discussed earlier, has lent some support to this 
idea.​Harper 2018​ ​Additionally, the TUE Chair for the USAPL, Dr. Kris Hunt, as well as 
long-time USAPL president, Larry Maile, both agreed they were in favor of this 
idea being proposed at the next committee meeting. ​Personal Communication Hunt 2019​ On the 
other hand, implementation of this idea poses two substantial drawbacks: 1) It 
fails to address the inherent problems with regulating gender and sex based on 
science alone; and 2) It limits participation of trans and intersex individuals in the 
gender division they identify with. 
 

3. Keep Things the Same: ​Practically speaking, yes, we could just keep things the 
same, and I do not say this tongue-in-cheek. Rather, sports - and the rules that 
govern them - are just collections of arbitrary consensus statements that have 
been collated into a rulebook. With respect to powerlifting, there are over 50 
separate federations within the United States, 14 of which have international 
affiliates, and each having their own collection of arbitrary consensus statements 
called “rules”. My personal view is that sports organizations should continue to 
review their rules and rule-making policies, in order to fulfill their own mission 
statements and advance the interests of their stakeholders. I can envision a 
number of situations where revising rules and rule-making policies based on the 
information presented here may not support those aims.  
 
Conversely, it is also clear to me that sports “punch above their weight class” 

https://www.ncbi.nlm.nih.gov/pubmed/29420345
https://gaygames.org/latest-news/5656204
https://www.ncbi.nlm.nih.gov/pubmed/29420345


with respect to their impacts on society. Consider that the NFL has the largest 
revenue of any sporting organization in the United States, earning $12 billion in 
2015.​Kaplan 201​5​ To put this into perspective, Apple earned about $12 billion every 
two weeks in the first quarter of 2016 ​.​Apple 201​6​ ​The entire 2013 revenue of all major 
US sports (including NASCAR and the NCAA) was about $23 billion, or 0.15% of 
the total US gross domestic product. Despite this, we give sports a ton of 
attention, namely via television and social media. In 2015, ESPN was the 
most-watched channel on television and had 18 of the top 27 most-watched 
shows.​ESPN 2015​ ​On instagram, Cristiano Ronaldo has the highest number of 
followers at 173.5 million. ​Fuentes 2019​That’s close to 30 million more than Dwayne 
“The Rock” Johnson! Thus, I think sports - and by extension, sporting 
organizations  - have a responsibility to uphold when it comes to furthering the 
narrative of equity and equality in both sports and society. ​Schultz 2012​ While we ​can 
sit back and do nothing, I hope we don’t. 

Thank you for reading this month’s research review. I know this was a bit different than 
my normal contribution, as I used a study that was 15 years-old, reviewed a ton of other 
data, and even cited an article from ​Seventeen ​ magazine. With that said, I am hopeful 
that this article helped shed some light on the topic of transgender participation in sport. 
Who knows? Maybe in 5 years there will be a ton of new data and I can write an update 
article. In closing, I’ll leave you with a quote from Arne Ljungqvist, former high jumper, 
vice chairman of WADA, and chairman of the IOC’s Medical Commission: 

“​Ultimately, the number of transsexual athletes who can successfully compete in 
open international events is likely to be small, in accord with the estimated 
incidence of gender dysphoria of one in about every 12,000 men and one in 
about every 30 000 women. Furthermore, the recommended process for gender 
reassignment as described is rather arduous.  

Finally, individuals who fulfil these criteria will likely be at a relatively advanced 
age athletically, at least in many sports, though there are notable 
exceptions—eg, in golf, such as Mianne Bagger who recently qualified and has 
been competing on the Ladies European Tour after competing in the Swedish 
Telia Tour in 2004. Inevitably there will be transgendered athletes, such as 
Renee Richards, who will be competitive at a high level, but most will probably 
wish to compete only at a masters level or at local and regional events.  

The recommendations of the International Olympic Committee are being adopted 
by various sports governing bodies, such as the US Golf Association and Great 
Britain's Ladies Golf Union. We believe that they provide a fair and equitable 
standard.”​Ljungqvist 2005 

Thanks for reading.

https://www.sportsbusinessdaily.com/Journal/Issues/2015/03/09/Leagues-and-Governing-Bodies/NFL-revenue.aspx
https://www.apple.com/newsroom/2016/01/26Apple-Reports-Record-First-Quarter-Results/
https://www.apple.com/newsroom/2016/01/26Apple-Reports-Record-First-Quarter-Results/
https://www.apple.com/newsroom/2016/01/26Apple-Reports-Record-First-Quarter-Results/
https://espnpressroom.com/us/press-releases/2015/12/in-2015-espn-repeats-as-cables-best-in-prime-time/
https://www.seventeen.com/celebrity/g22852822/most-followers-on-instagram/
https://www.tandfonline.com/doi/abs/10.1080/15265161.2012.683752
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(05)67844-0/fulltext
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Is there a Ceiling Effect for Training Volume in Muscle 
Hypertrophy and Strength?

Evidence of a Ceiling Effect for Training Volume in Muscle Hypertrophy and Strength in 
Trained Men – Less is More? ​ by Barbalho ​et al. ​ 2019 

Key Points: 

1. This study recruited forty young, healthy men into a 24-week study where they
trained three days per week, randomized to different training volumes (5, 10, 15,
or 20 total sets to failure per session). Day 1 involved three pressing exercises,
day 2 involved three “pulling”/”rowing” exercises, and day 3 involved three lower
body exercises.

2. All groups had significant improvements in all variables.  However, the 5- and
10-set groups showed greater improvements in 10RM strength compared to 15-
and 20-set groups. With respect to muscle thickness, all groups appeared to
plateau at around 12 weeks, with little improvement -- and some regression --
observed beyond that, without significant differences detected between groups.

3. In contrast to the authors’ conclusions regarding an “optimal weekly set volume”,
this design of this study instead suggests a maximum ​per-session ​ volume of 5-10
sets per muscle group, on average, when sets are taken to failure. The overall
weight of evidence still points towards a dose-response relationship between
weekly training volume and strength/hypertrophy outcomes into the range of
10-20 sets per muscle group per week, particularly when distributed across a
higher weekly frequency. Data on the effects of ​very​ high weekly set volumes are
mixed. We also have little evidence on how these relationships and thresholds
might change with submaximal training (i.e., ​not​ to failure).

https://www.ncbi.nlm.nih.gov/pubmed/?term=Global%2C+regional%2C+and+national+incidence%2C+prevalence%2C+and+years+lived+with+disability+for+354+diseases+and+injuries+for+195+countries+and+territories%2C+1990%E2%80%932017%3A+a+systematic+analysis+for+the+Global+Burden+of+Disease+Study+2017
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-14-447


Introduction 

There has been extensive ongoing debate in the 
resistance training literature in recent years regarding 
the determinants of strength and hypertrophy 
outcomes and the extent of the relationship (if any) 
between the two. ​Taber 2019​ ​Loenneke 2019  

Numerous recent resistance training studies have 
examined the role of intensity ​Nóbrega 2018​ ​Lasevicius 2018​, 
frequency ​Schoenfeld 2019​, rest periods ​McKendry 2016​ ​Schoenfeld 

2016​, and training volume ​Schoenfeld 2017​ ​Ralston 2017​ on 
strength and hypertrophy. 

One area of particular interest is ​how much ​ training volume is necessary to achieve 
optimal outcomes. While some researchers have found evidence of a substantial 
dose-response effect up to very high training volumes, others have found conflicting 
results with stagnation or even regression at higher doses (specific references will be 
discussed in the discussion section of this piece). The authors of the current study have 
suggested evidence of a “ceiling effect” for training volume, referring to a maximum 
threshold above which no further gains result from further increases in the dose of 
training volume applied. 

As with any field of study, there will be conflicting data and controversy, and we must be 
cautious regarding the strength of our conclusions and base them on the overall body of 
literature rather than any single study. But given this conflict, we will take a closer look 
at this paper to see how it fits in to our understanding. 

Purpose 

The authors’ stated purpose was to “ ​compare the effects of different resistance training 
volumes on muscle performance and hypertrophy in trained men.​” 

Subjects 

Subjects included forty young men who were at least 18 years old (average age 
approximately 24.5 years) and cleared to train by a physician. This number of subjects 
was calculated based on the number needed to show an effect size (ES) of 0.5 with a 
statistical power of 80%. Effect sizes ​are a method of reporting the ​magnitude​ of 
difference, either between groups or within a group across the study. This helps to give 
us a more useful idea of “significance” than the standard ​p ​-value calculation for 
statistical significance (to learn more about effect sizes, see ​here​). 

https://link.springer.com/article/10.1007/s40279-019-01107-8
https://link.springer.com/article/10.1007/s40279-019-01106-9
https://www.ncbi.nlm.nih.gov/pubmed/29189407
https://www.ncbi.nlm.nih.gov/pubmed/29564973
https://www.ncbi.nlm.nih.gov/pubmed/30558493
https://www.ncbi.nlm.nih.gov/pubmed/27126459
https://www.ncbi.nlm.nih.gov/pubmed/26605807
https://www.ncbi.nlm.nih.gov/pubmed/26605807
https://www.tandfonline.com/doi/full/10.1080/02640414.2016.1210197
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5684266/
https://rpsychologist.com/d3/cohend/


Subjects were required to have participated in un-interrupted resistance training at least 
three times per week for the prior 3 years. Minimum strength standards were also 
required for recruitment: subjects needed to be able to perform at least a bodyweight x 
10RM bench press, and at least a 1.5 times bodyweight x 10RM leg press. For 
example, a potential male subject weighing 185 lbs would need to be able to complete 
10 reps on the bench press at 185 lbs and 10 reps on the leg press at 277.5 lbs to 
qualify for inclusion.  

Methods 

Participants were divided into groups of 10 and randomized to four different training 
protocols. Each muscle group was trained once per week at different volumes: 5 sets 
per week (G5), 10 sets per week (G10), 15 sets per week (G15), or 20 sets per week 
(G20) (see Fig. 1). However, on examination of the weekly training schedule, note that 
all sets for a particular muscle group were performed on the same day (i.e., training 
frequency per group was once per week). 

Training duration was 24 weeks in length using a non-linear periodization approach. 
The 24 weeks were divided into six 4-week blocks, as shown in Fig 2. 



Training was performed in an in-person supervised setting. Lifts were instructed to be 
performed with a 2-second concentric and a 2-second eccentric, and all sets were 
performed to ​momentary failure ​. Momentary failure is defined as “ ​the point where, 
despite the greatest effort, a person is unable to meet and overcome the demands of 
the exercise causing an involuntary set end point​”. ​Steele 2017​ This standardization was 
instituted in order to control for as many variables as possible other than total volume. 

Participants were also instructed to maintain their usual diets, and no further control was 
implemented over nutrition habits. 

Strength testing was performed at baseline, mid-way through, and after the end of the 
study. This involved working up to a 10RM on the bench press, lat pulldown, 45 degree 
leg press, and stiff-leg deadlift, distributed across three consecutive days. 

Muscle thickness measurements were obtained at baseline, mid-way through, and after 
the end of the study for the right biceps brachii, triceps brachii, pectoralis major, 
quadriceps femoris, and gluteus maximus. The measurements were obtained using 
ultrasound at standardized anatomic landmarks, using standardized technique, at the 
same time of day, and 3-5 days after the last training session. The ultrasound was 
operated by a single experienced technician who was blinded to study group allocation. 

Given that there were multiple study groups with outcome measures repeated across 
three time points (0, 12, and 24 weeks), repeated measures Analysis of Variance 
(ANOVA) was performed to determine the effects of any time x group interactions. 

Findings 

Absolute changes in muscle thickness per muscle group (in mm) are presented from 
pre- to mid-intervention (Fig. 3) and pre- to post-intervention (Fig. 4). 

https://www.ncbi.nlm.nih.gov/pubmed/28044366


Absolute changes in strength (in kg) from pre- to mid-intervention (Fig. 5) and pre- to 
post-intervention (Fig. 6).  

The authors found that all groups had significant improvements in all variables. 
However, the 5- and 10-set groups showed greater improvements in 10RM 
strength compared to 15- and 20-set groups. 

With respect to muscle thickness, all groups appeared to plateau at around 12 weeks, 
with little improvement -- and some regression -- observed beyond that. The observed 
muscle thickness differences between groups across time did not reach statistical 
significance (i.e., no significant time x group interactions were noted), although the post 
hoc comparisons suggested the lower volume groups may have had better outcomes. 



Percent changes are presented in graphical form in Fig 7 and 8. 

Fig. 7 - Percent 
change in 
muscle 
thickness by 
subgroup  ​*note 
that these 
differences 
between groups 
were not 
statistically 
significant 

Fig. 8 - Percent 
change in 10-rep 
max strength by 
subgroup 

Why does this article matter? 

This paper is a particularly interesting one that replicates another study by the same 
group using the same training protocol among young women, where these authors 
originally proposed such a “ceiling” effect of training volume. ​Barbalho 2019 

https://www.ncbi.nlm.nih.gov/pubmed/30779716


This describes a situation where increasing training volume fails to induce further gains, 
a finding that seems to conflict with other data suggesting a ​dose-response relationship 
of weekly training volume on hypertrophy outcomes. In contrast, a ​dose-response 
relationship​ describes a phenomenon by which increasing the dose of stimulus 
generates a larger effect, though it is important to note that this relationship does not 
necessarily need to be ​linear​ in nature (i.e., “diminishing returns” still represents a 
dose-response relationship as long as ​some ​ continued positive effect is observed). This 
conflict makes Barbalho ​et al​’s data interesting and worthy of examination to see how it 
might fit into our overall understanding. 

The authors recruited forty young, healthy men into a 24-week study where they trained 
three days per week, randomized to different “doses” of training volume as described 
above. Perhaps the most significant aspect of the program to point out is that each 
muscle group was trained once per week. 

In other words: day 1 involved pressing exercises performed for a total of 5, 10, 15, or 
20 sets to failure, day 2 involved “pulling”/”rowing” exercises performed for 5, 10, 15, or 
20 total sets to failure, and day 3 involved lower body exercises performed for 5, 10, 15, 
or 20 total sets to failure. All sets were performed under supervision of trainers to 
ensure that they were performed to momentary failure. 

While the general study methodology was strong, the specific programming approach 
used in this paper adds some nuance to the interpretation of these results in the context 
of the broader literature, as well as its generalizability to the average gym population. 

Rep ranges and rest periods were periodized as shown in Fig. 2 above. Of note, most of 
the available evidence on rest periods shows that longer rest periods (about 2 minutes 
or greater) tends to generate better strength and hypertrophy outcomes than shorter 
rest periods.​ ​McKendry 2016​ ​Schoenfeld 2016  

Furthermore, we also have evidence showing that training to failure does ​not ​ ​produce 
more hypertrophy than stopping a few reps short of failure, but ​does ​ ​induce 
substantially greater fatigue (which can limit subsequent motor unit recruitment) and 
prolongs neuromuscular recovery. ​Nóbrega 2018​ ​Martorelli 2017​ ​Pareja-Blanco 2018​ ​Moran-Navarro 2017​ The 
differences in accumulated fatigue between groups (e.g., between performing 5 sets to 
failure per session vs. 20 sets to failure per session) could plausibly have affected the 
outcomes on mid- and post-intervention 10RM strength measurements, as well as 
impaired hypertrophy outcomes over the course of the study. 

Of note, there was no control exerted over subjects’ dietary habits in this study; they 
were simply instructed to continue their usual nutritional intake, and were asked 
throughout the study period about whether they made any substantial changes to their 
intake. Post-intervention body mass measurements were not provided, and strength or 
hypertrophy outcomes may have been different if the training protocol were paired with 
a nutrition intervention as well. 

https://www.ncbi.nlm.nih.gov/pubmed/27126459
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This brings us to the primary question at hand in this study: the authors claim that these 
data support an​ optimal weekly volume of 5-10 sets per muscle group ​ when taken to 
failure. However, we feel that this is an inappropriate conclusion to draw from these 
data given the study design. Considering the once-weekly frequency of exposure, we 
view the results as providing greater support for a maximum ​per-session​ volume of 
5-10 sets per muscle group, on average, when sets are taken to failure.

From a practical standpoint, most experienced lifters would probably not be surprised to 
learn that a program of 20 sets to failure on a single exercise or muscle group per 
session might not produce optimal outcomes. With that said, let’s take a look at how this 
fits in to the overall body of evidence on the matter. 

The Context 

We have evidence from animal models suggesting that the muscle protein synthetic 
(MPS) response to training maximizes and plateaus beyond a certain acute dose of 
training ​volume. ​Ogasawara 2017​ We also have evidence that MPS measurements predict 
longer-term hypertrophy outcomes, assuming measurement duration is sufficient (~6 
hours for protein ingestion, >24 hours for exercise) and individuals are sufficiently 
trained that exercise-induced muscle damage is attenuated. ​Damas 2016​ ​Brook 2015  

Furthermore, we know that among trained individuals the time course of the ​total 
training-induced muscle protein synthetic response is shorter, and that the ​myofibrillar 
protein synthetic response is blunted. ​Damas 2015​ We view this as a sort of training-induced 
“anabolic resistance” that arises as an adaptive response to being more trained. 

In the context of dietary protein as the anabolic stimulus driving MPS, we have evidence 
suggesting a dose-response effect up to a maximum threshold (with inter-individual 
variation depending upon the degree of anabolic sensitivity/resistance present), beyond 
which we see no further increases in MPS rates and progressive increases in amino 
acid oxidation. ​Moore 2009​ ​Witard 2014​ ​Moore 2015

In the context of physical training as the anabolic stimulus, it is plausible that there 
might be a similar maximum ​single-session​ dose of stimulus to which an individual can 
mount an adaptive response (with a degree of inter-individual variation). Beyond this 
threshold, less adaptation or even regression might occur. A potential reason for this 
might be the effects of muscle damage and the associated acute inflammation limiting 
the adaptive response, although we don’t know for sure. 

It is also plausible that there might be a maximum total ​weekly ​ dose of stimulus to which 
an individual can mount an adaptive response (with a degree of inter-individual 
variation), although given a session-maximum limit this may be influenced by the 
frequency across which the training volume is distributed. This concept has been put 
forth by several authors including James Krieger as an “inverted U” hypothesis. 
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The Studies 

For example, in a 6-month training study by Radaelli ​et al ​. subjects were randomized to 
perform 1, 3, or 5 sets per exercise using 9 exercises per session that trained varied 
muscle groups, all distributed across three sessions per week. ​Radaelli 2015​ A 
dose-response effect was seen with respect to strength and hypertrophy outcomes up 
to ​very high​ training volumes. This finding was replicated in a shorter 8-week training 
study by Schoenfeld et al. using 1, 3, or 5 sets per exercise in 7 exercises per session, 
distributed across 3 sessions per week. ​Schoenfeld 2019​ ​It should be noted that both of these 
studies have come with their own share of controversy in the interpretation and 
significance of their results, and a detailed analysis of each of these papers could match 
the length of the present article. 

While we do tend to see a dose-response effect from low to moderate weekly training 
volumes, several other papers have shown that weekly set ranges of 9-18 tend to match 
(and sometimes ​outperform​) weekly set ranges of 20-40. ​Paulsen 2003​ ​Baker 2013​ ​Rønnestad 2007 
Ostrowski 1997​ ​Heaselgrave 2019​ This suggests that beyond a certain point, this dose-response 
effect for hypertrophy tends to “fall off” and may reverse altogether if the training 
becomes more than the athlete can tolerate and adapt to. 

It should also be noted that even when the total number of sets are matched at three 
sets per exercise, moderate-load training for sets of 8-12 reps appears to produce 
greater hypertrophy than heavy-load training for sets of 2-4 reps. ​Schoenfeld 2016​ ​This finding 
has added some nuance to discussions about how best to “measure” training volume. 
One method is to count the number of “hard” sets (in which full motor unit recruitment is 
achieved), although in light of these findings it has been suggested that this method 
should be limited to the number of sets of at least 6 repetitions that are taken to within at 
least 3 reps of failure (i.e., RPE 7). ​Baz-Valle J 2018 

To summarize, meta-analytic data on total weekly training volume with respect to 
hypertrophy also finds evidence of a graded dose-response for <5, 5-9, and 10+ weekly 
sets with respect to muscle hypertrophy. ​Schoenfeld 2017​ Similar findings have been 
demonstrated for strength outcomes as well. ​Ralston 2017

In contrast, meta-analytic data examining the role of training ​frequency​ has generally 
shown little to no effect on hypertrophy under volume-matched scenarios (though the 
majority of such studies do not involve very high weekly training volumes), while the 
overall body of evidence points towards a benefit with respect to strength. ​Schoenfeld 2019 
Nuckols

There remains a plausible argument for frequency as a useful variable under very high 
volume situations, and as a simple practical tool for adherence purposes. In very high 
volume situations, a low-frequency training arrangement may exceed the single-session 
threshold for productive training, and fatigue generated may become disproportionate to 
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the stimulus delivered, leading to stagnation or regression compared to a broader 
weekly distribution of stimulus. Non-volume equated studies on training frequency have 
shown modest to moderate effects of higher training volumes on hypertrophic 
outcomes. 

Caveats and Conclusions 

When assessing the body of literature as a whole, it is important to note a few (among 
many ​ other) caveats:  

1) Many studies have low statistical power due to relatively small sample sizes,
leaving us with a situation where many individual studies (particularly short-term
studies) are set up to fail to find significant effects. This can be compounded by
the choice of measurement methods for hypertrophy, which is a notoriously tricky
endeavor. ​Vigotsky 2018​ ​Haun 2019​ In contrast, pooled data in meta-analytic studies can
tell a different story, though the quality of the “input” data always needs to be
considered as well.

2) There is an ​enormous​ inter-individual variability in training response (a
concept previously discussed in my April 2019 BMR article discussing ​Ahtiainen
2016 ​). Some individuals demonstrate better training responses to lower volume
training, others to higher volume training, and we find similar variations in
response to the other training variables as well. ​Damas 2019​ It is thus ideal when
resistance training studies report ​individual subject-level data​ (which were not
provided in the present study), so we can more easily observe the degree of
variation in responsiveness, outliers, and other trends that may be more difficult
to detect based on summary statistics alone.

3) The current review is limited to the evidence with respect to strength and
hypertrophy outcomes. The discussion regarding exercise volume, frequency,
and intensity for ​health outcomes ​ is separate and outside the scope of this piece.

This overall pattern suggests that there is no one-size-fits-all “optimal” training 
approach, but rather that we seem to have many potential options for training 
approaches that may work to produce strength & hypertrophy for an individual. Indeed, 
this is exactly what we observe in the real world -- lots of people achieving impressive 
outcomes using a variety of training methods.  

Based on the current body of evidence, we might conclude that there is an interaction 
between training volume and frequency such that 5-10 sets for a particular muscle 
group is a reasonable ​average single-session dose ​in a trained individual, but that by 
distributing the stimulus across the week we might observe a continued dose-response 
effect into the 10-20 set per week range - though this needs to be studied more directly. 
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While some studies have found continued dose-response effects to much higher 
volumes, there is an increasing amount of conflicting data in this range, as well as an 
increased likelihood of inter-individual variation in training tolerance/responsiveness 
influencing outcomes in practice. Given what we observe in practice, combined with 
evidence regarding anabolic responses in trained individuals, it seems likely that the 
“inverted U” curve might ​shift​ over the course of an individual’s training career, from a 
relatively ​low ​ tolerance for training volume in untrained individuals to a substantially 
higher tolerance in more advanced stages. 

Finally, the majority of data for these thresholds involves studies where subjects are 
training to failure; how these thresholds may vary with habitual submaximal training is 
less clear. 

Ultimately, it is impossible to predict who will respond best to a particular approach up 
front, but we can use the overall body of evidence to apply broad principles and 
individual ​ize things beyond that based on demonstrated training responses and 
individual goals and preferences. 
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Leg Length Discrepancy: Much ado about nothing? 
Leg Length Discrepancy: The Natural History (And What Do We Really Know) by Gordon et al. 
2019. 

Key Points:

1. Leg Length Discrepancy (LLD) has a high prevalence rate, with ~90% of the population
displaying a <1.0 cm difference.

2. There is very weak evidence of poor quality demonstrating correlation between a
particular leg length discrepancy and symptoms; broad generalizations should not be
drawn from the available data at this time.

3. It is important to recognize that we adapt to such deviations from textbook “norm”.

The prevalence of axSpA is between 0.32% and 
1.4%.Sieper 2017  Although this is a low prevalence 
rate, this population still necessitates evidence based 
interventions to aid with disease activity and quality of 
life. Often, issues with low prevalence rates have a lack 
of research and thus evidence based information to aid 
with decision making; further intensifying the need for 
well conducted trials. 

Introduction

A guiding principle to follow when 
discussing potential correlates to pain 
is “does it matter?” And if “it” matters, 
we need to figure out 1) when it matters, 
and 2) what can / should we actually do 
about it?

Leg Length Discrepancy (LLD, a.k.a. 
anisomelia) is defined as a measurable 
difference between the length of the lower 
extremities, and is often blamed for numerous issues 
related to pain or dysfunction due to the asymmetry. It’s 
important to point out the underlying flawed premise here: 
that a structural “problem” necessarily results in 
symptoms. We’ve discussed at length the flaws of such a 
biomedical approach in the past, and will continue to do so 
in the future. Pain is a complex experience that cannot be 
reduced to simple anatomical observations that might 
superficially seem problematic (see Lederman 2011).
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Two variations of LLD have been described: “Anatomical” and 
“Functional”. 

An “anatomical” LLD describes structural differences in femur and/or tibia length, either 
naturally occurring in the course of development or ​acquired​ at some point during life 
(e.g., due to fracture, bony disease, or joint replacement). 

“Functional” LLD isn’t as straightforward -- and although frequently discussed, lacks 
supporting research evidence. Typically the discussion of functional LLD is centered 
around pseudoscientific, poorly defined ideas such as “pelvic torsion”, “tight” vs “loose” 
muscles, or “subluxations”. 

Measuring Leg Length Discrepancies 

Many perform assessments of LLD in clinics/gyms via palpation, tape measures, or 
blocks (to level the pelvis). Overall, the available research shows that such approaches 
are ineffective. A more accurate assessment can be obtained via radiological imaging, 
such as X-ray or CT scanogram. ​Sabharwal 2008​, ​Gibbons 2002​, ​Cooperstein 2017 

But even though we ​can ​measure LLDs, before we pathologize this supposed “issue” 
the more important question is: how readily identifiable are leg length discrepancies in 
the general population? 

Purpose 

In 1978, Richard Gross was the first to try and quantify the amount of LLD necessitating 
intervention. At the time, he concluded any LLD less than 2 cm likely wasn’t an issue. 
The purpose of the article in review this month by Gordon ​et al ​was to assess the 
current state and quality of evidence regarding LLDs since Gross’s initial publication. 

Methods 

The authors performed a search for medical literature assessing the effects and 
treatment of leg length discrepancies. The authors excluded any level 5 evidence 
(case-reports, expert opinion, and personal observations), articles not written in English, 
and any article assessing the risk(s) of procedures resulting in LLD. The authors 
categorized their findings into 2 broad topics: natural history of LLD and gait analyses of 
patients with LLD. 

Recall - “natural history” is typically defined as the usual trajectory of a supposed issue 
without intervention. In essence, these studies are examining a group of patients with 
LLD to assess for any associated problems. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2628227/?report=classic
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Results 

The authors found that approximately 90% of the population has an LLD (see figure 1). 
On average, a 5.2 mm difference has been observed. ​Knutson 2005 

Given the high prevalence of LLD, we must ask whether an LLD of​ ​ a particular 
measurement matters​ ​(i.e., is it correlated to pain and/or dysfunction)?

Not necessarily. Knutson’s review concludes: 

“In summary, ​childhood-onset anatomic leg-length inequality appears to 
have little clinical significance up to 20 mm ​. Several authors agree, most 
recently with Kakushima et al who stated: ‘Therefore, although conflicts in the 
literature exist, ​3 cm of LLD [leg length discrepancy] can be characterized as 
a minimum LLD, which should be treated in the clinical practice’​. This 
estimation of clinical significance dovetails nicely with the findings on the effects 
of LLI, particularly pelvic torsion. Passive structural changes – pelvic torsion, mild 
lumbar scoliosis, facet angulation, changes in muscle length – seem capable of 
compensating for anatomic LLI of up to 20 mm. Past the ~ 20 mm point, passive 
structural changes give way to active muscular compensatory measures.” 
[emphasis ours] 

Based on this information, 2-3 cm seems to be the ​minimum threshold ​ for warranting 
investigation and possible intervention, and this is likely correlated more to ​quality of life 
than to pain. 

Taking a closer look at the articles included in Gordon ​et al​, we find inconclusive 
evidence on LLD and future issues such as joint replacement, osteoarthritis, pain, etc. 
The available data aren’t even capable of showing whether the long leg or the short leg 
are at greater risk for negative effects. 

According to Knutson et al, 10% of the population has equal lower limb lengths, 
~50% has a 4 mm LLD or less, and ~90% has a 10 mm LLD or less.Knutson 2005
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Joint replacement 

Tallroth ​et al ​2005 ​ examined 100 participants undergoing hip-replacement surgery. 39 
displayed a longer right leg and 42 with left. Nineteen participants did ​NOT ​ have an 
LLD. Sixty-eight participants had the hip replacement performed on the longer leg 
(mean difference in leg length was 7.5 mm, standard deviation 4.7 mm), and 13 on the 
shorter leg (mean difference in leg length was 4.4 mm, standard deviation 3.2 mm). 

Tallroth ​et al​ 2017​ - 193 participants initially underwent X-ray and then followed-up 29 
years later to see who received joint replacements of the hip or knee. The breakdown of 
participants and LLDs was as follows: 

- 24 (12%) ​no​ LLD
- 62 (32%) 1 - 4 mm LLD
- 74 (38%) 5 - 8 mm LLD
- 21 (11%) 9 - 12 mm LLD
- 12 (6%) over 12 mm LLD

Of the 193 participants, ​only 16 (8%) went on to receive a joint replacement for the 
diagnosis of primary osteoarthritis​. The authors go on to report 10 participants had 
replacement completed on their longer leg and 3 on their shorter leg. This is a low 
number of participants receiving joint replacement from this cohort and it would be very 
difficult to conclude receiving a joint replacement was primarily due to an LLD. Three 
participants ​WITHOUT​ an LLD went on to receive a joint replacement as well, leading 
us to further question LLD as a major correlate, if one at all, to the need for a future joint 
replacement.

Overall, this evidence isn’t sufficient to support LLD as a major correlate leading to joint 
replacement.  

“Degenerative” Findings 

Before diving into these articles, let’s recall we have a plethora of data showing 
asymptomatic degenerative findings (deviation from textbook norm) in various body 
regions (see table 1). Many of the studies included in Gordon ​et al ​ are examining the 
relationship between LLD and degenerative findings such as osteoarthritis or lumbar 
disc herniations. Even if we see a correlation between the presence of LLD and the 
presence of degenerative findings, this does not mean the person has symptoms or will 
later develop symptoms purely because of the LLD.  

***Continued on next page*** 
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Table 1 - Asymptomatic Imaging Findings 

Disc “issues” Brinjikji 2015 

Facet Osteoarthritis Kalichman 2008 

Sacroiliac Osteoarthritis Eno 2015 

Hip Osteoarthritis Kim 2014 

Knee Osteoarthritis Culvenor 2018 

Furthermore, such a biomedical premise further reduces the person experiencing 
symptoms to solely a biological tissue issue where we have mounting evidence has a 
large prevalence rate in the general population (as discussed above). 

With that said, let’s take a closer look at the included studies examining degenerative 
findings and LLD. 

Murray et al 2017 ​- lumbo-pelvic x-ray imaging reviewed from 255 adults to assess LLDs 
and degenerative findings in the hips and lumbar spine. The authors noted an increased 
risk for degenerative joint disease of the hip and lower lumbar spine in patients with LLD 
> 5 mm. A potential issue with this study is the lack of full-length x-rays from pelvis and
lower extremities.

Ten Brinke ​et al​ 1999​ - 132 participants being seen for neurological symptoms 
supposedly attributed to lumbar disc herniation were examined for an LLD. LLDs were 
measured indirectly (non-radiographically), making the results questionable. The 
authors report a mean LLD of 5.4 ± 5.2 mm (range of 0 - 26 mm). 104 participants 
demonstrated an LLD > 1 mm. 28 showed no LLD. 64 (62%) of the 104 participants with 
LLD displayed radiating symptoms into shorter leg.  

Harvey et al 2010​ - 2964 patients with full-length x-rays were followed for 30 months 
and examined for increase in osteoarthritis. Overall, 14.5% of participants (n=429) 
displayed an LLD ≥ 1 cm and 0.9% (n=27) had an LLD ≥ 2 cm. Participants with an LLD 
> 1 cm were further examined. Of those participants, 53% demonstrated increased OA
on the short-side, while 36% showed increased OA on the long-side. Interestingly, the
incident rate (new cases) of osteoarthritis were not influenced by an LLD ≥ 1 cm or ≥ 2
cm over the 30 month follow-up period. Participants demonstrating an LLD ≥ 1 cm,
compared to those with < 1 cm LLD, did have an increased odds of developing knee
symptoms over the 30-month follow-up period (shorter limb = 15% vs 9%, OR 1.7,
95%CI, 1.2-2.4 and longer limb = 13% vs 9%, OR 1.5, 95%CI, 1.0-2.1). An LLD ≥ 1 cm,
compared to those with an LLD < 1cm, did demonstrate a 1.3 times greater odds of
having progressive knee osteoarthritis in the shorter limb over the follow-up period (95%
CI, 1.0-1.7, 29% vs 24%). Significance wasn’t reached for progressive knee
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osteoarthritis symptoms in the longer limb over the follow-up period. Oddly, an LLD ≥ 2 
cm did not demonstrate a significant increase in the odds of developing progressive 
knee osteoarthritis in the shorter limb. Add more importantly, only 6 of 26 participants 
with an LLD ≥ 2 cm demonstrated progress of knee osteoarthritis - this is an interesting 
finding given the authors’ premise that LLD increases the risk of developing knee 
osteoarthritis and claim, ​“...leg length inequality as small as 0.5 to 1cm increased the 
risk of prevalent knee osteoarthritis, primarily in the shorter limb.” ​ One would think this 
would be observed in what are being considered “large” LLDs more so than smaller 
LLDs, but this doesn’t appear to be the case. 

Low Back Pain 

Defrin ​et al ​2005 ​ - 33 participants with persistent low back pain were examined for an 
LLD and given a shoe insert to “correct” the discrepancy. The fact that the cohort was 
labeled with persistent pain should immediately raise questions regarding the premise 
of this study, since the chronicity of pain symptoms drastically diminishes the correlation 
between identifiable tissue pathology and symptoms (See ​Durmez 2017 ​).  

The authors examined LLDs with ultrasonography and then divided participants into 
study vs control groups. The study group (22 participants) received a shoe insert to 
correct the LLD and the control group (11 participants) didn’t. Baseline measurements 
of pain intensity and function were performed. The authors reported a significant 
baseline difference between groups for pain intensity, and this matters when trying to 
assess the efficacy of an intervention. Ideally there are no significant differences in 
baseline characteristics between groups that could otherwise confound results. After 12 
weeks of intervention, the participants were re-examined for pain intensity and 
functional status. The authors conclude:

“This study suggests that the correction of an LLD of 10mm or less can 
significantly reduce CLBP. Shoe inserts are simple, inexpensive, and 
noninvasive means for alleviating CLBP and are therefore recommended to be 
included in the treatment of patients with LBP who have mild LLD.” 

Examining the data more closely, these are rather bold conclusions. The study uses a 
small sample size, has baseline differences in pain intensity, and shows large standard 
deviations in treatment outcomes - all calling into question such claims. Even if we 
wanted to follow this reductionist line of thought, we have higher quality evidence 
demonstrating that shoe inserts lack efficacy and have low-level evidence for 
effectiveness. Recall, efficacy and effectiveness are not the same thing. 

Efficacy, in this context, is examining how well a treatment performs under ideal or 
perfect circumstances. Typically, interventions are examined for efficacy in well 
conducted randomized controlled trials. These studies help answer the question - “Does 
‘X’ intervention actually work?”.  
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Effectiveness is assessing a treatments generalizability to real-world situations such as 
dealing with humans in clinical practice. Many treatments appear effective (reduce pain 
and improve function) for a myriad of reasons, often involving placebo-like contextual 
effects. Treatments appearing effective may lack efficacy, thus questioning their 
necessity in clinical practice for long-term positive outcomes. 

In regards to shoe lifts  - ​Campbell ​et al ​ completed a systematic review of the literature 
in 2018 on adults experiencing musculoskeletal symptoms. The authors concluded: 

“We sought evidence to answer fundamental questions for guiding clinical 
treatment of LLD for common painful musculoskeletal conditions. In the setting of 
mechanical LBP, hip, and knee OA, correction of LLD using a shoe lift may 
reduce pain, improve function and increase ROM; however, these benefits 
remain uncertain due to very low-quality evidence. We were unable to make 
evidence-based conclusions regarding the magnitude or proportion of LLD that 
should be corrected. More rigorous, high-quality studies evaluating which 
LLD-associated conditions benefit from shoe lift correction, shoe lift correction 
strategy, and relevant patient outcomes are required to guide clinical treatment. 
An appropriate comparison group would be helpful in this regard.” 

The absence of a clear level of LLD necessitating intervention, and the lack of 
appropriate RCTs on the usage of shoe inserts negates our ability to draw any 
pragmatic conclusions. 

The good news: it appears we adapt 

Khamis and Carmeli ​et al ​2018 ​ -  7 healthy participants were recruited to go through a 
simulated LLD gait analysis. Participants were equipped with shoes simulating LLDs of 
5, 10, 15, 20, 30, and 40 mm. The authors found at 5 mm LLD compensatory strategies 
were employed. At 10 mm the authors noted significant differences in compensatory 
gait strategies involving shortening of the longer limb, lengthening of shorter limb, or 
both. 

Song ​et al​ 1997​ - 35 children recruited with LLD. The reasons for the LLD ranged from 
idiopathic (unknown), congenital, fracture, and dislocation. The included children 
displayed an LLD ranging from 0.6 to 11.1 cm. The authors found children with small 
mean discrepancies of 1.6 cm, no compensatory gait strategies were observed. 
However, children with larger mean LLD of 6.5 cm displayed a compensatory gait 
strategy of toe walking. Eight children displaying LLDs between 2 and 15.8 cm 
demonstrated pelvic obliquity (drop of pelvis on short side). Finally, 9 children displayed 
increased range of pelvic obliquity as a compensatory gait strategy. 

Aiona ​et al ​2014 ​ demonstrated compensated gait strategies for LLD. Forty-five children 
recruited with an LLD > 2 cm. The average LLD was 4.6 cm (range 2 - 12.2 cm) - this is 
considered a large discrepancy compared to what we’ve been discussing. The LLDs 
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were due to a variety of issues: Legg-Calve-Perthes disease, hip dysplasia, growth 
plate abnormalities due to trauma or infection, and congenital shortening of the femur or 
tibia to name a few. The authors also included 20 children in a control group for 
comparative gait analysis. Various biomechanical compensations were observed in the 
study group, from a single kinematic deviation to several adaptations (see table 2). 

Interestingly, the authors found very similar gait velocities between groups. The control 
group had an average walking velocity of 1.3 ± 0.2 m/s (range 0.9 to 1.6 m/s) vs. the 
study group with an average walking velocity of 1.2 ± 0.2 m/s (range 0.8 to 1.5 m/s). 
The authors state: 

“Our study demonstrated a variety of gait compensations for LLD. The magnitude 
of the difference and the location of the difference appear to be important factors 
in determining the compensation strategy. If the discrepancy was >7 cm, all 
patients used a combination strategy. As the differences became less, a greater 
variety of pattern choice was noted. For example, if >4 cm but <7 cm, only 3/11 
chose multiple strategies, with the most frequent isolated pattern being pelvic tilt.” 

The primary takeaway from the above articles is that compensation is evident in gait 
based on the size of the LLD. However, whether these compensations lead to any 
negative outcomes over the longer term is not known. We also don’t know if a certain 
size LLD warrants intervention given these compensatory strategies. 

Why does this article matter? 

Leg length discrepancies are readily identifiable in the general population, with some 
sources reporting an average difference of approximately 5 mm. Furthermore, 
screening for LLDs would not be advisable given the large prevalence rate in the 
asymptomatic general population and lack of strong correlation to symptomatic 
development or future negative effects. There is substantial controversy over a 



threshold LLD necessitating intervention, and after review of the available evidence, this 
remains unknown. 

Many clinicians and coaches anecdotally report LLDs being causative for pain or 
performance issues, however, there is a paucity of evidence linking a particular LLD to 
either. Given what we know about the complexities of pain, this would be an extremely 
reductionist approach that at this time is indefensible based on current evidence. This 
means that if a patient reports in clinic with low back pain, it would not be recommended 
to check for an LLD. Low back pain has a high prevalence in the 4th decade of life and 
yet many clinicians check for LLDs to see whether it is related to the patient's 
symptoms. However, if the patient is in their 40s, a finding of an LLD would certainly 
have been adapted to at this point. Even if we wanted to follow this line of clinical 
reasoning, the typical recommendation is then a shoe insert - an intervention greatly 
lacking in high quality evidential support. 

Regarding LLDs and performance, at this time it would appear we adapt to a range of 
LLDs. Is there potentially a point where an LLD becomes problematic for a patient, 
sacrificing quality of life? Potentially, but we’ve yet to find a generalizable, predictive 
rule. Such scenarios are likely much more related to non-idiopathic situations involving 
congenital deficits, fracture, post-joint replacement, tumor, infection, etc. We even have 
examples of high-level athletes with LLDs. Gordon ​et al. ​discuss Usain Bolt having a 
reported 1.3 cm LLD and video analysis demonstrating “ ​...right leg striking the ground 
with 13% more force and his left leg spending 14% more time on the ground. ​” This 
makes it difficult to single out such an isolated biomechanical finding and claim it as a 
“problem” necessitating fixing. Overall, Gordon ​et al ​conclude: 

“In conclusion, the evidence for the effect of leg length discrepancy and the 
amount of leg length discrepancy that we should be treating is quite poor and 
probably has advanced little since Gross’s initial survey of pediatric orthopaedic 
surgeons.” 

What does this mean for us as clinicians and coaches? 

We should ensure we aren’t making problems out of normative findings in the general 
population, and we should understand that either way, ​we are adaptable ​. We certainly 
should NOT be screening for LLDs in routine practice. Finally, attempting to make 
claims about an LLD’s relationship with pain or performance issues would not only be 
overly reductionist but stands in opposition to what evidence is currently showing us. 
There may be cases where a non-idiopathic LLD is an issue, but for the majority of 
clinicians and coaches, these cases are likely an exceedingly small fraction of 
real-world encounters. 
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Key Points: 
1. Eccentric calf training may be better than natural history or the use of passive modalities in

the treatment of mid-portion Achilles tendinopathy.

2. Heavy slow resistance training may be slightly better than eccentric calf training for the
treatment of mid-portion Achilles tendinopathy.

3. The certainty with which we can claim these interventions work for the treatment of
Achilles tendinopathy should be questioned and challenge current clinical practice.

Introduction

There are very few things we can claim with certainty in 
the rehabilitation world. Working with humans is a 
multifactorial experience where unique individual factors make 
it difficult to predict individual responses to our interventions. 
With that said, if a word association game were played for the 
treatment of Achilles tendinopathy, the immediate answer 
would most likely include eccentric training. 

This dates back to the original Alfredson study from 
1998 on recreational distance runners with mid-portion 
Achilles tendinopathy.Alfredson 1998 The original treatment 
paradigm was 3 sets of 15 calf raises with both a gastroc and 
soleus bias, done 2 times/day, 7 days/week, for 12 weeks. 
This loading protocol would involve a significant time demand 
on athletes but has been accepted as the gold standard for 
treatment of mid-portion Achilles tendinopathy.

Are We Certain Heavy Eccentrics Work for
 Mid-Portion Achilles Tendinopathy?

Efficacy of heavy eccentric calf training for treating mid-portion Achilles tendinopathy: a 
systematic review and meta-analysis by Calder Murphy et al 2019
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The subjects of this study (​n​=15) had an average age of 44.3 years and were 
compared against a surgical group (yes, back in the 90’s surgery was a treatment for 
tendinopathy, and some still advocate for this approach today). While the subjects in 
this study did achieve good results, it is difficult to extrapolate results for middle aged, 
recreational runners to high level competitive athletes across other sports. 

The past twenty years has seen eccentrics accepted as the go-to treatment and, 
anecdotally, I have taught courses highly endorsing their utility. Recommendations for 
eccentrics evolved with the introduction of Kongsgaard papers to include ​heavy slow 
resistance (HSR) training,​ and the conversation turned to the possibility that the 
magnitude ​of the eccentric load was as important as the dosage. ​Kongsgaard 2009​, ​Kongsgaard 2010 

The 2010 Kongsgaard paper was also unique in that it identified fibril morphology 
changes with a 12 week loading program. This would seem to run contrary to the “treat 
the donut, not the hole” mantra proposed by some groups and adopted by more.​Docking 

2014​ ​In this paradigm it is generally accepted that once tendon tissue enters the 
degenerative phase it is unlikely to adapt to further stimulus. Hence, an intervention is 
not going to ​change​ the degenerative tissue but rather possibly lay down tissue in the 
periphery.  

However, both of those studies were performed on patellar tendons. It took until 
the Beyer paper included in the current meta-analysis to examine specific heavy slow 
resistance training for Achilles tendinopathy.​Beyer 2015​ ​Around the same time is when the 
tendon-pathology continuum​ became popularized, categorizing tendons into “normal”, 
“reactive”, “degenerative”, or “reactive-on-degenerative”. ​Cook 2016​ ​A continuum had also 
emerged for treatment, advocating for an initial phase of isometrics for analgesia, 
followed by eccentrics/heavy slow resistance, followed by energy storage and release 
(e.g. plyometric or power movements). The original paper utilizing isometrics involved a 
small cohort (​n​=6) in an uncontrolled randomized cross-over design for patellar 
tendinopathy. They ran a protocol of 5 sets of 45 second isometrics at 70% 1RM load.​Rio 

2015​ ​A larger cohort study (​n​=29) was performed by the same group in 2016 that did not 
show any difference between isometric and isotonic exercises for reducing pain in 
patellar tendinopathy, with both demonstrating equivalent effectiveness. Once again, 
these findings have been extrapolated to treatment of Achilles tendinopathy as well. 

The current systematic review by Calder Murphy ​et al​ sought to determine the 
magnitude of effect of eccentric exercises compared to other interventions for the 
treatment of Achilles tendinopathy. The authors do refer to the Alfredson protocol as 
Heavy Eccentric Calf Training (HECT) which is an interesting nomenclature given the 
lack of resistance​ generally accepted with the protocol. Without meta-analyses such as 
this, it is difficult to say with confidence which treatments should be the first-line 
approach for a particular pathology. There is often a conflation of “​may​ be used in 
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treatment” with “​should​ be used in treatment” in clinical paradigms. Without controlled 
evidence, it is difficult to endorse one training modality being superior to another. 

  
Methods 
 

This study is a pre-registered systematic review of randomized and 
quasi-randomized trials with one arm of the study including HECT to treat mid-portion 
Achilles tendinopathy and the other using natural history, sham treatment, “traditional” 
physical therapy, or another intervention. 
 
Included subjects  

Studies with subjects older than 18, active or sedentary, with a greater than three 
month history of mid-portion Achilles tendinopathy were eligible for inclusion. 
 
Interventions 

Interventions were categorized as ​sham​ if patients underwent exercise 
determined by the authors unlikely to result in a physiological response i.e. exercises 
that did not overload contractile tissue to induce a strength response. ​Traditional 
Physical Therapy​ interventions were classified as those ​without​ exercise intervention 
that included deep friction massage to the tendon, other forms of manual therapy to 
local tissue, ultrasound, or taping. None of those interventions have shown efficacy in 
the treatment of mid-portion Achilles tendinopathy but the authors elected to classify the 
interventions as traditional physical therapy instead of sham.​Sussmilch-Leitch 2012​ ​The authors 
elected to compare HECT to natural history, sham exercise, traditional physical therapy, 
and different exercise interventions.  
 
Primary Outcome Measure 

Heterogeneity of outcomes measures has made conducting meta-analyses 
difficult.​Habets 2015​ ​The authors of this study elected to only include studies with a validated 
and reliable outcome measure for mid-portion Achilles tendinopathy. For this, studies 
that utilized the VISA-A outcome measure were included.​Robinson 2001​ ​The VISA-A is the 
only valid, reliable outcome measure specific to mid-portion Achilles tendinopathy.​Murphy 

2018​ ​The mean difference (MD) and 95% confidence intervals (95% CI) were included for 
all trials. The final time point at which the original study was conducted was used for 
analysis. The authors elected to not include studies only utilizing the visual analog scale 
(VAS) or numeric rating scale (NRS) as they have been shown to possess poor 
test-retest reliability for Achilles tendinopathy.​Silbernagel 2001  
 
 

https://www.ncbi.nlm.nih.gov/pubmed/22747701
https://www.ncbi.nlm.nih.gov/pubmed/24650048
https://bjsm.bmj.com/content/35/5/335
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6063067/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6063067/
https://www.ncbi.nlm.nih.gov/pubmed/11476424


Data Collection 
Two authors conducted the search according to PRISMA guidelines.​Liberati 2009​ ​The 

included studies were assessed for risk of bias using the Cochrane Risk of Bias 
Tool.​Higgins 2011​ ​This allows for the included studies to be classified as low risk of bias, 
some concerns of bias, or high risk of bias. If data was missing the authors contacted 
the original study authors for the data and if it could not be provided the study was 
excluded from the meta-analysis. 
 
Assessments 

The authors conducted an assessment of heterogeneity, but due to the stringent 
inclusion criteria of this meta-analysis using a specific diagnosis and outcome measure, 
the authors assumed it would be low. Where heterogeneity was identified, a subgroup 
analysis was performed to determine the impact on the overall findings via sensitivity 
analysis. In registering their systematic review the authors also planned to conduct a 
sensitivity analysis in instances where: 

● The standard deviation had to be manually input 
● Studies in which adherence was not reported 
● Different exercise interventions versus HECT 
● Studies in which HECT and other exercise interventions were compared against 

placebo 
● Studies in which there was a high risk of bias as determined by the high risk of 

bias tool 
 
If a study contained less than 50 participants it was determined to possess a high 

risk of small sample bias. Assessment of the quality of evidence was performed using 
GRADE criteria.​Atkins 2004​ ​Data were then synthesized using an inverse variance and 
random effects model. 
 

Results 
 

Seven studies met criteria for inclusion in the meta-analysis (Table 1). One study 
compared HECT to natural history, no studies compared HECT to placebo/sham, two 
studies compared HECT to traditional physical therapy, and four studies compared 
HECT to another exercise intervention.  

The seven included studies contained a total of 241 participants with a mean 
(SD) age range of 36.6 (7.2) to 49.2 (11.3) years. Five of the trials reported a gender 
distribution with participants 45% male and 55% female. Four of the trials reported body 
mass index (BMI) with it ranging from 25.0 (5.0) to 31.6 (6.1) kg/m​2​. Five of the trials 
reported the mean duration of symptoms ranging from 6.2 to 27.6 months. All studies 
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reported a baseline VISA-A ranging from 36 (23.4) to 62 (18). The duration of follow up 
ranged from 6 weeks to 16 weeks.  

There was no heterogeneity between the studies that compared HECT to 
traditional physical therapy (I​2​=0%) but there was significant heterogeneity between 
studies comparing HECT to different exercise interventions (I​2​=68%). One study 
comparing HECT to traditional physical therapy had a high risk of bias.​Rompe 2007​ ​One 
study comparing HECT to traditional physical therapy had some concern for risk of 
bias.​Wiedmann 2017  

 
Table 1- Included studies in the meta-analysis. mHECT=modified eccentric 
protocol, HECT= heavy eccentric calf training protocol. 
 

Effects of Interventions 
Only one study compared HECT to natural history with a statistically significant 

mean difference (MD) of 20.6 (11.69 to 29.51) in favor of HECT. Unfortunately, the 
study was rated as a high risk of bias and prone to small sample size bias. Two studies 
compared HECT to traditional physical therapy (Figure 1) with results favoring the use 
of HECT. The MD (+/-95% CI) was 17.70 (3.75 to 31.66) with both of the trials at risk for 
small sample size bias and one raising some concerns for risk of bias. 
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Figure 1- Forest Plot of HECT versus traditional physical therapy. 
 

Four studies were included in the meta-analysis of HECT versus other exercise 
interventions. Two of these compared HECT to a modified heavy eccentric protocol, one 
compared to heavy slow resistance training, and one compared to the Stanish Protocol. 
The Stanish protocol is a 12 week program that changes exercises weekly with a focus 
on speed then load.​Stasinopoulos 2013​ ​Here, there was a non-significant pooled MD (95% CI) 
-1.19 (-9.40 to 7.01) (Figure 2). All studies were at a risk for small sample bias and the 
Stanish protocol study was at a high risk of bias by Grade scoring.  
 

 
Figure 2-HECT versus other exercise interventions 
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The preplanned sensitivity analysis by the authors called for the removal of the 
Stasinopoulos study due to a lack of reporting of adherence and high risk of bias. The 
MD of this study (13.00) was also discongruent with the other three (MD -3.8 to -7.20). 
This study was subsequently removed with the updated forest plot seen in figure 3.  
 

 
Figure 3- Sensitivity Analysis Adjusted Forest Plot of HECT versus other 
exercise. 
 
Why This Study Matters 

 
If the reader is experiencing a slight existential crisis after seeing these data, that 

is okay. Meta-analyses like this are excellent for showing the limitations of what our 
treatments actually can change. We advocate for a biopsychosocial approach to 
treatment, but sometimes we are also guilty of applying a treatment with the expectation 
that changing tissue alone is enough to improve function.  

 
Unsurprisingly, there is evidence that psychosocial factors play a role in the 

manifestation and treatment of tendinopathy.​Mallows 2017​ ​What an exercise scheme does to 
a tendon at a local level does not necessarily correlate to functional outcomes, even 
under the best-prescribed loading schemes. This meta-analysis is unique in that it did 
focus on the VISA-A as an outcome measure which is a ​functional​ outcome measure. 
While pain and function are inherently linked in the treatment of any condition, only 
looking at pain misses an individual’s ability to participate in activity. 

 
While the evidence here would state with some degree of certainty that the 

Alfredson protocol is better than passive modalities, it is still not the panacea for 
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treatment of Achilles tendinopathy. It is also interesting that the authors of this study 
refer to the Alfredson protocol as ​heavy ​eccentric calf training since most of the 
exercises are not performed with a substantial external load. Six sets of fifteen, two 
times a day is also a substantial time commitment on the part of the athlete. In the 
Beyer article comparing heavy slow resistance to the Alfredson protocol, both groups 
did improve, but the time constraint and patient satisfaction were initially higher in the 
heavy slow group. The heavy slow athletes were also committing 107 min/week to 
training versus 308 min/week in the HECT group. That is an additional ​3+ hours​ that an 
individual has to train other components or do other things. 

 
We must also consider the subjects involved in these studies. The average age 

of the overall cohort was well into their 40’s and were not competitive athletes. 
Translating loading protocols from recreational athletes or inactive individuals to those 
competing at a higher levels of sport may not be valid. The magnitude of loading seems 
to play an integral role in tendon adaptation, with tendons needing higher loads with 
which to adapt.​Magnusson 2010​ ​In the younger population, Mersmann ​et al​ advocate for low 
repetition, very high intensity (>85% 1RM) in order to elicit tendon adaptation.​Mersmann 2017  
This is well above anything advocated for in HECT and even the Beyer paper on heavy 
slow resistance. It could be that if we are wanting true structural adaptation, ​all protocols 
advocated for in this meta-analysis may be under-dosed​. The Beyer protocol advocates 
for the following set-up: 

● Week 1: 3 sets of 15 to failure (15 RM) 
● Weeks 2-3: 3 sets of 12 to failure (12RM) 
● Weeks 4-5: 4 sets of 10 to failure (10RM) 
● Weeks 6-8: 4 sets of 8 to failure (8RM) 
● Weeks 9-12: 4 sets of 6 to failure (6RM) 

 
It would not be until week 9 that this protocol would approach the recommended 

dosage for tendon adaptation by Mersmann. The Beyer article also advocates for only 
performing the exercises 3x/week and taking a 2-3 minute rest in between sets. This is 
one of the only protocols that discusses intensity, rest, and frequency of dosage. While 
we may be prescribing the right ​type​ of exercises for our athletes, if they continue to be 
under-dosed​ we still may not achieve the outcomes we seek. 

 
All of this still pertains to the local tendon response and adaptation. 

Communication regarding expectations on a human level of patient goals, barriers, and 
expectations is needed to maximize outcomes. If these are not accounted for, the effect 
size for any treatment approaches will likely be un-impressive.  

 

https://www.ncbi.nlm.nih.gov/pubmed/20308995
https://www.ncbi.nlm.nih.gov/pubmed/29249987


We advocate against viewing a patient as a “herniated disc,” “degenerated 
rotator cuff,” or “worn-out knee”, and we similarly cannot view them as an “Achilles 
tendinopathy.” Developing a treatment plan from an entirely structural approach will 
always fall short compared to a plan that addresses the ​person​. This review shows that 
while exercise certainly has a role in the treatment of tendinopathy, the role of 
eccentrics is likely less than what is currently accepted. As with almost all conditions, an 
individualized approach is necessary to account for psychosocial factors, as well as to 
titrate loading to the current goals and needs of each patient. Haphazardly dosing 6 sets 
of 15, 2 times a day was likely insufficient from the start. Currently, there are four main 
loading protocols within the literature for the treatment of tendinopathy (Table 2), while 
they account for symptoms and most have a form of progression, intensity is lacking on 
all but the heavy slow resistance protocol. 

 
Table 2- Current loading protocols for the treatment of tendinopathy 
 

It is generally accepted that a good training program accounts for sets, reps, 
intensity, and rest between sets. Failing to account for any of these variables in a 
rehabilitation program likely makes it subpar as well. While there is evidence that 
eccentric loading protocols create tendon adaptation, the dose makes the cure, the 
poison, or the treatment inert. If we apply dosing protocols for recreational, middle aged 
athletes to athletes who perform at a high level and consistently it is hard to surmise 
why outcomes are less than ideal.  
 

As with all evidence, more is needed and welcomed. This meta-analysis does 
make an excellent case that, with what we currently have, we should still possess some 
hesitancy before seeing eccentric training as the ultimate fix for Achilles tendinopathy. 
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