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ABSTRACT

The Enhanced Games (EG) represents a controversial shift in competitive athletics by removing anti-doping regulations and allowing the
sanctioned use of performance-enhancing drugs (PEDs) in pursuit of maximum performance. This unprecedented model may fundamen-
tally alter sports culture, competition standards, and the medical landscape in which athletes train and compete. Of particular concern
are the potential consequences for orthopedic and musculoskeletal health, as PED use, particularly anabolic agents and growth factors,
can both enhance and compromise musculoskeletal function. Potential benefits include increased muscle mass or bone density. However,
these must be weighed against heightened risks of tendon rupture, altered joint biomechanics, delayed fracture healing, and increased
susceptibility to overuse or catastrophic injuries. Given the likelihood of more extreme physical demands and higher injury rates in EG
participants, proactive preparation from the orthopedic and sports medicine community is essential. This narrative review focuses on
the potential influences of EG on musculoskeletal care, gathering evidence on anticipated injury patterns, surgical and rehabilitative
considerations, and long-term health outcomes. The goal is to provide insight for policymakers and care providers tasked with protecting

athletes who choose to compete in these environments.

Level of Evidence: Level V.

Introduction

The first proposed Enhanced Games (EG), a sporting
event that openly encourages the use of performance-
enhancing drugs (PEDs), is set for the spring of 2026
to be held in Las Vegas, United States. The event will
include swimming, weightlifting, and track and field
competitions. Positioned in direct contrast to the anti-
doping ethos upheld by the International Olympic
Committee, World Anti-Doping Agency (WADA),
International Testing Agency, and National Anti-
Doping Organizations, the EG explicitly rejects WADA
regulations in favor of permitting PED use. Backed by
numerous venture capitalists, this event has come to
fruition while generating significant public interest,
media coverage, and spirited new discussions on the
ethos of sport.! The use of PED is not new to competi-
tive athletics; in fact, among US elite athletes, doping
rates range from 6.5 to 9.2%, with the EG representing
the first formal integration of such substances into the
structural framework of a global sporting competition
in modern times.? Whether or not the EG ultimately
takes place in 2026, its concept signals a shift with
important implications for athlete care.

While the ethical and cultural debates are ongo-
ing, one of the most immediate medical concerns

regarding EG lies in its impact on the musculoskel-
etal (MSK) system. Encompassing bones, joints, ten-
dons, ligaments, and muscles, the MSK system is
often the target of performance-enhancing strategies
and thus especially vulnerable to unintended conse-
quences. Despite possible challenges, athletes may
pursue enhancement for diverse reasons, including
improved competitive outcomes, accelerated recov-
ery, financial incentives, and cognitive biases such
as the “false consensus effect,” in which individuals
overestimate the prevalence of PED use among their
peers.** These motivations, coupled with the physi-
ological demands of high-intensity competition, cre-
ate a complex risk-benefit landscape for MSK health.
Clinical evidence already highlights these concerns
of elevated rates of musculoskeletal, cardiovascular,
and endocrine morbidity that persist for years after
cessation.”” Orthopedic surgeons, sports medicine
physicians, and rehabilitation specialists must be
prepared to address the potential short- and long-
term consequences of enhanced performance on the
human body. In particular, understanding how EG,
and specifically PED, may impact the MSK system is
critical, as this knowledge will guide injury preven-
tion strategies, optimize treatment protocols, and
safeguard the health of athletes competing under
these unprecedented conditions.
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This work aimed to synthesize the scientific literature on orthope-
dic implications of EG, with emphasis on potential injury patterns,
surgical and rehabilitation challenges, and long-term MSK outcomes.
Beyond its immediate sporting context, EG may function as a large-
scale, real-world case study, 1 that could inform orthopedic guide-
lines and rehabilitation strategies in athlete care in both regulated
and unregulated performance environments.

History of performance-enhancing drugs in Enhanced
Games-specific disciplines

The first iteration of EG in 2026 is advertised to include swimming,
weightlifting, and track and field events. These disciplines have con-
sistently experienced WADA anti-doping rule violations, providing
historical precedent for potential orthopedic implications of enhanc-
ing human performance.

The EG swimming competition is expected to include 50 m and
100 m freestyle and 50 m and 100 m butterfly. Doping cases have
been documented in elite swimming, including periods involving
anabolic-androgenic steroids (AAS) and, more recently, metabolic
modulators and blood-manipulation strategies. These enhancement
methods provide increased muscular power for starts and turns, the
ability to race at a higher pace, and delay fatigue levels. In the 1970s,
East German swimmers were systematically administered anabolic
steroids through a state-sponsored doping program.? More recently,
the Federal Bureau of Investigation, alongside the United States
Department of Justice, launched an investigation into the use of
trimetazidine, a metabolic modulator that enhances cardiovascular
efficiency, involving 23 swimmers from China who were ultimately
cleared to compete at the Tokyo Olympics in 2021, prompting inter-
national scrutiny and ethical debate.” In swimming, rapid strength
gains from AAS may outpace tendon adaptation, elevating the risk
for shoulder tendon injuries and biceps-labral complex pathology,
and increased training load may contribute to overuse injuries of the
shoulder.**

Enhanced Games will comprise a snatch, clean, and jerk for the
weightlifting event as well. Competitive weightlifting has had many
anti-doping violations, recording the highest rate of anti-doping
rule violations among Olympic sports in WADA's 2020 Anti-Doping
Rule Violations Report.”* The use of AAS has been found to increase
muscle size and strength, ultimately increasing maximal pressing
power."* Notably, the re-analysis of samples from the 2008 and the
2012 Olympic Games for exogenous AAS resulted in 61 weightlift-
ers, including 9 gold medalists, having doping violations.*In weight-
lifting, rapid AAS-related strength gains and heavier absolute loads
are linked to clusters of tendon and muscle rupture (e.g., pectoralis
major)."®

HIGHLIGHTS

First orthopedic-focused narrative review of the Enhanced Games and perfor-
mance-enhanced athletes.

Characterizes musculoskeletal risks and injury patterns associated with phar-
macologic enhancement.
Outlines orthopedic evaluation and management considerations for enhanced
athletes.
Proposes research priorities including registries, prospective cohorts,
advanced imaging, and biobanking.

+  Emphasizes the need for multidisciplinary collaboration to guide policy and
athlete safety.

Athletes in EG will be competing in the 100 m sprint and 100 m/110
m hurdles. Track and field events have had highly publicized and
scrutinized cases of performance enhancement, including track star
Ben Johnson’s world record time of 9.79 seconds during the 1988
Seoul Olympics and subsequent suspension for the use of the AAS
stanozolol.® Even 3 decades later, that mark would remain among
the fastest recorded 100 m performances. The use of AAS is asso-
ciated with overall sprinting performance with hormonal manipu-
lations linked to substantial improvements in sprint performance.'”
In sprints and hurdles, augmented peak power and training loads
are associated with elevated risk of hamstring strains/avulsions and
Achilles tendon injury.

Beyond the musculoskeletal system, the substances can take a toll
on overall health. Specifically, long-term use of AAS appears to be
associated with myocardial dysfunction and increased coronary ath-
erosclerosis.’®' Neuropsychiatric effects such as depression, depen-
dence, and aggression, along with reproductive consequences of
infertility, have also been well documented.?**

Musculoskeletal effects of performance-enhancing drugs

Anabolic-driven tissue changes

Anabolic-androgenic steroids can substantially alter MSK tissues,
driving rapid muscle mass hypertrophy.?* Clinical and animal stud-
ies indicate that AAS enhances muscle mass by 2-5 kg and strength
by 5%-20% through androgen receptor activation.” Although this
gain in muscle functionality likely leads to stronger athletic perfor-
mance, the muscle-associated tendons are not given sufficient time
to remodel to adapt to the changing muscular framework, predispos-
ing users to tendon injuries.”*** Studies have also shown that AAS
further has direct effects on tendon structure and function, with
animal studies demonstrating AAS inhibition of matrix metallopro-
teinases, thus inhibiting tendon remodeling and repair, leading to
decreased flexibility.***Human studies are more mixed, with some
suggesting direct AAS association with collagenous mechanical prop-
erties of tendons, although others do not support this collagen crimp
hypothesis.?*

The implications of AAS usage stretch beyond mechanical imbal-
ances and injuries as well, with numerous MSK-adjacent vascular
changes attributed to AAS.*! For instance, endothelial dysfunction,
increased platelet aggregation, and dyslipidemia are all known to
result from steroid usage and may compromise lower-extremity MSK
health through increasing the frequency of potentially fatal events
like deep vein thrombosis.®**® Large population studies report an
increase in the risk of venous thromboembolism after testosterone
initiation, peaking within 6 months.** Clinical guidelines highlight
erythrocytosis as a dose-related adverse effect and recommend
withholding therapy and/or phlebotomy when hematocrit >=54%.*”
Reduced blood flow can delay the delivery of nutrients essential to
the recovery process, slowing the repair of tendons, ligaments, and
muscles, which in turn increases the likelihood of chronic MSK com-
plications. Overall, the combination of enhanced muscle strength,
impaired tendon adaptation, and vascular dysfunction reveals a
highly multifaceted MSK risk profile for many EG athletes.

Common injury patterns in enhanced athletes

The predominant MSK injuries linked to AAS usage involve tendon
ruptures, mostly of the upper extremities.'>***® Notably, pectoralis
major ruptures are disproportionately reported among frequent
AAS users, likely due to the emphasis on upper-body muscle
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hypertrophy many athletes seek to achieve through targeted train-
ing regimens.” Lower-extremity tendon injuries are also noted to
occur, although at a lower frequency, with patellar tendon injury
known to be more frequent.**° Observational testosterone replace-
ment therapy (TRT) reports show higher odds of Achilles injury,
although confounding by indication/training load remains possible.
This difference may indicate potential differential tendon adapta-
tion due to distinct loading patterns between the upper and lower
extremities, with the upper extremities being subjected to irregular
and eccentric loads, whereas the lower extremities are subject to the
stresses of chronic full-body loading.?**° In addition, PED-driven
muscle growth can create a mismatch between muscle strength and
connective tissue resilience. This risk is only amplified by impaired
collagen remodeling, reduced blood supply, and changes in tendon
mechanical properties.

The literature on ligamentous injuries is sparse regarding AAS usage,
yet the link remains possible.** Two large retrospective studies report
higher anterior cruciate ligament (ACL) injury rates among adults
on TRT. In a matched cohort of 851 816 patients, those receiving
TRT were 2 times more likely to sustain a primary ACL rupture.*
Similarly, another study including 160 839 patients found a higher
2-year ACL injury incidence after =3 months of TRT (0.35% vs.
0.10%).** Although direct controlled evidence is lacking, a survey of
retired National Football League players found that self-reported AAS
use correlated with ligamentous and joint injuries, including disc
herniations, knee ligamentous/meniscal injury, elbow injuries, neck
stinger/burner, spine injury, and foot/toe/ankle injuries.** However,
this was self-reported and subject to exposure misclassification and
recall bias. Furthermore, in vivo studies have demonstrated the pres-
ence of androgen receptors in ACL cells in young men, supporting
the biological responsiveness of ligaments to androgens.**

Beyond commonly recognized tissue injuries, AAS usage also
affects bone quality and health, with large-scale cohort data sug-
gesting that AAS users have a more than 2-fold increased risk of
fractures.**’Anabolic-androgenic steroid usage is linked to a higher
risk of skeletal complications, particularly in adolescent athletes,
where premature closure of epiphyses can result in altered bone
architecture and changes in microstructure.***® Similarly, regard-
ing osteoarthritis, the relationship with AAS usage is less clear, but
recent Mendelian randomization data suggest that higher serum tes-
tosterone and dihydrotestosterone levels may causally increase the
risk of osteoarthritis pathogenesis, particularly of the hip.*” However,
unlike systemic corticosteroid use, there is no consistent evidence
that suggests supraphysiologic AAS dosages lead to decreased bone
mineral density, and the adverse bone-related complications of AAS
usage are linked primarily to bone growth disturbances.*** In sum,
the anatomical locations of many injuries associated with AAS usage
are predictable from knowledge of athlete-specific training regimens
and, in adolescents, knowledge of epiphyseal closure patterns. Thus,
heightened vigilance may enable early detection of tendon and bone
injuries in performance-enhanced EG athletes.

Challenges in finding the association

There are several challenges associated with diagnosing AAS-related
injuries. For example, when AAS users rupture tendons, they often
lack the expected prodromal symptoms and experience tendon rup-
ture under quite low mechanical loads, which complicates the goal of
early clinical detection.?*% Standardized diagnostic criteria (clini-
cal and imaging confirmation), documentation of pre-injury symp-
toms, and capture of training-load metrics are needed to improve

comparability across studies. Also, AAS users have notably tended
to underreport or not disclose their steroid usage levels, likely due
to fear of illegality and repercussions in WADA-approved sports,
which further obscures clinical suspicion and reduces diagnostic
accuracy.’*® Additionally, heterogeneity in the type of AAS, doses,
cycle length, timing (on/off-cycle), and polypharmacy with other PED
obscures attribution to AAS alone.

The transparency of AAS and PED usage celebrated by EG could
potentially offer several distinct clinical advantages to address these
challenges. By openly acknowledging substance use, both athletes
and physicians could more accurately determine injury risk, which
would open the door to the development of targeted surveillance pro-
tocols for high-risk MSK phenotypes.***** Thus, while AAS and PED
usage carries substantial MSK risk, EG’s transparency may paradoxi-
cally improve athletes’ safety by allowing for informed management.

Orthopedic management

Preventive care

Given the mentioned MSK alterations, preventive care in enhanced
athletes should be focused on accurate exposure capture, progres-
sive load management, and evidence-based strengthening. A practi-
cal baseline should include time-stamped drug exposure (compound,
dose, cycle length, and polypharmacy) alongside training-load met-
rics, with workloads managed toward a stable acute:chronic ratio.*
For athletes on prescription testosterone, endocrine guidelines should
be followed, checking hematocrit at baseline, at 3 months, then annu-
ally, and holding or adjusting therapy if hematocrit reaches >54%.*
Heightened vigilance should be maintained for venous thromboem-
bolism in the early months after initiation.*®

Furthermore, there may be a role for prehabilitation in the setting
of PED, aimed at increasing tendon loading capacity and addressing
muscle imbalances to proactively reduce the risk of injury. Despite
the lack of specific prehabilitation protocols for those who use PEDs,
literature has noted prehabilitation as a potentially effective strategy
to prevent tendon rupture in athletics.*'Finally, screening should
prioritize functional baselines and symptom surveillance, reserving
imaging for prior injury or new focal signs.

Athlete education regarding the risks of PED can encourage aware-
ness of sequelae, potentially leading to earlier diagnosis, treatment,
and better outcomes. This may also improve patient awareness of
safe usage practices and prevent injuries. Increased overall athlete
education on PED may encourage those who use PED to consult their
physicians and allow for early, informed management before injury
occurs.

Care during the event

Rapid access to imaging and surgical intervention may be important
to address tendon ruptures, muscle tears, and stress fractures, which
are more prevalent in PED users due to altered tissue remodeling and
increased pain tolerance. Prior literature has highlighted potential
roles for point-of-care ultrasound to be an effective radiation-free
method to evaluate morphological and mechanical properties of
muscles in the context of elite sports.”*** Additionally, there may be
a lower threshold for imaging in PED users due to increased injury
risk and atypical presentations.**>* Wearable devices offer another
option to provide real-time workload data to flag acute spikes, fatigue
signatures, or compensatory patterns that warrant removal from play
and targeted assessments.*®



Eftekhari et al. / Acta Orthop Traumatol Turc 2026; 60(4): 1-5

Increased awareness of polypharmacy should be taken if medica-
tion is given in acute and subacute care settings. Windfeld-Mathiasen
et al*® noted that users of PED have a higher rate of poisonings,
including medicinal poisonings. Given the wide variety of anabolic
agents, stimulants, analgesics, and more that may be used concur-
rently, orthopedic care teams should closely coordinate with primary
care and internal medicine clinicians for safer analgesia, anesthe-
sia, surgery, and postoperative planning. Furthermore, institutional
protocols (e.g., venous thromboembolism and infection prevention)
should be applied consistently and adjusted to the athlete’s verified
exposure profile.

Post-event care

Risks associated with PED use do not cease after competition, with
evidence of MSK alterations even years after cessation. Longitudinal
follow-up is essential to monitor adverse outcomes, including tendon
or ligament injuries. While there are limited guidelines on how proto-
cols should be modified at this time, follow-up schedules and testing
should be tailored to individuals due to the variety of effects associ-
ated with different PEDs.

Despite the knowledge of the possible influence of PED on the MSK
system, the rehabilitation protocols for EG athletes have not been
investigated sufficiently.”**® In the event of injury, programs should
individualize load progression to respect slower tendon adaptation,
monitor for delayed-onset tendon pain/weakness, and use function-
based return-to-play criteria rather than time alone. Surgical tim-
ing, postoperative thromboembolism risk management, analgesia
choices, and reloading milestones may require adjustment to the ath-
lete’s verified exposure profile. Abrupt halting of AAS use can cause
withdrawal effects, including depression, anhedonia, and libido dys-
function.®**® Thus, athletes may choose to gradually taper off such
substances.” Long-term follow-up data show that musculoskeletal,
endocrine, and psychiatric effects of AAS may extend for years after
use, making follow-up necessary to continue well past the end of
such competitions.** Overall, given the unique risk profiles present
in those who use PED, individualized approaches are encouraged
throughout the entire care process.

Research and policy implications

The EG initiates a unique opportunity to study the MSK conse-
quences of sanctioned PED in a controlled setting. Policymakers,
sport governing bodies, and healthcare institutions should leverage
the environment to conduct unprecedented orthopedic research and
develop standardized, optimized protocols for enhanced athletes.
Thus, developing international athlete registries for those using per-
formance-enhancing substances with prospective follow-up is recom-
mended, coupled to (1) standardized injury/illness surveillance, (2)
serial health-problem monitoring, and (3) linkage to imaging, surgi-
cal, and return-to-play data. These comprehensive datasets could
help clarify relationships between performance enhancement and
orthopedic outcomes. Furthermore, comparative analysis with regu-
lated athletes may help refine understandings of true risks as well as
potential short- and long-term orthopedic benefits of PED. Crucially,
research efforts should not only aim to advance orthopedic under-
standing but should also apply findings to assist the EG in the optimi-
zation of athlete health and safety protocols.

As such, the EG presents a valuable opportunity in orthopedic and
medical research to study both performance and safety in regulated
and unregulated competitions. Rather than viewing the EG as a con-
troversy, this unique event should be approached as an opportunity

to collect data, study unique physiological adaptations, and develop
evidence-based strategies for injury prevention, surgical manage-
ment, and rehabilitation. The knowledge gained from such unprec-
edented research can strengthen care protocols across all levels of
sport.

Conclusion

The EG, while planned to entertain, might be harmful to the par-
ticipants, but the clinical challenge it highlights already exists
across sport. The war on drugs in sport goes on, and athletes in
both unregulated and WADA-regulated athletic competitions are
and will likely continue to use performance-enhancing substances.
Therefore, the orthopedic community should prioritize prepared-
ness over prohibition alone. A harm-reduction framework offers
the best path to protect health in enhanced settings while generat-
ing generalizable knowledge that improves musculoskeletal safety
across all levels of sport.
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