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Abstract and ARP Position Statement 
 
Based on the available body of scientific evidence and with the goal of promoting safe sport, the 
Association of Ringside Physicians (ARP) recommends the following regarding the young 
combat sport athlete, defined as less than 19 years of age.  
 

● Clinicians should maintain a high index of suspicion for growth plate injuries and physeal 
stress overuse injuries among this population. Complaints of persistent bone or joint pain 
should be evaluated by an orthopedic surgeon or sports medicine physician. Failure to 
identify and treat such injuries can disrupt long-term growth and development. 

 
● Any child or adolescent with stage 2 hypertension, as determined according to age, height 

and gender specific parameters, should be restricted from combat sports until blood 
pressure is under control. Substances that could elevate blood pressure, such as energy 
drinks, should be discouraged in this age group. All athletes with persistently elevated 
blood pressure should be evaluated by a cardiologist or sports medicine physician before 
participation clearance is given. 

 
● Weight cutting should be discouraged and even banned in children and adolescents. The 

practice of weight cutting reduces blood volume, which can increase cardiovascular strain 
by decreasing stroke volume and heart rate; the primary compensatory mechanism in 
children to meet increased cardiac demands associated with exertion. Furthermore, the 
increased loss of sodium and water makes this age group particularly susceptible to injury 
from rapid water loss.  
 
 



● Training should only occur under the supervision of qualified instructors. These 
instructors should be skilled in the instruction of defensive and offensive techniques and 
tactics, and should be educated in concussion signs and symptoms. 
 

● Training time should be limited to the amount needed for learning a skill set. Sparring in 
training should be minimized in those 12 years old and younger due to critical brain 
development occurring during these early years.  

 
● In competition, head strikes should be discouraged or even banned for athletes under 13 

years of age in order to reduce the high risk of developing Chronic Traumatic 
Encephalopathy associated with head trauma in the young athlete. 
 

● Post-bout exams should be thoroughly conducted and medical suspensions for 
concussions should be individualized. 

 
Introduction 

 
The participation of young athletes in combat sports has become widely popular within many 
fields of martial arts and boxing. With the recent increased participation of these younger fighters 
in the sport of MMA, and with the popularity of MMA constantly on the rise, it is clear that 
comprehensive guidelines need to be established to aid with increasing safety for these fighters, 
as well as for those already participating in other combat sports. 
 
A young fighter is defined as one who is under the age of 19. Age-related differences in 
physiology as well as physical and psychological growth and development present a unique set 
of challenges for the management of young combat athletes with special consideration to the 
impact that training and competition have on the musculoskeletal, cardiovascular, hormonal, 
neurologic and renal systems when compared to adult combat athletes. Participation in martial 
arts enhances physical fitness across a myriad of domains including cardiorespiratory fitness, 
speed, agility, strength, flexibility, coordination and balance. 
 
The ARP sets forth these guidelines in order to aid those who supervise these athletes, whether it 
be coaches, officials, medical commissions, or physicians who examine and treat these athletes.  
 
Musculoskeletal Issues  
 
The period of childhood and adolescence is a time of rapid growth and development. A primary 
consideration regarding musculoskeletal adaption to physical stress in this population is that 
muscle, bone, and tendons adapt at different rates to different stimuli throughout the youth 
developmental cycle. 
 
Given the possibility to disrupt long-term growth and development secondary to injury among 
young combat sport athletes, special consideration regarding the development and adaptation of 
bones, muscles and tendons to martial arts training and competition is advised. 
 



The majority of bone mineral density (BMD) accumulation occurs during the pediatric years, 
with consolidation occurring from 18 to 35 years old.1 This is followed by an involution phase, 
whereby BMD decreases over the remainder of the lifespan. Though, this decline can be 
mitigated with load-bearing exercise.2 Morphological adaptations to physical training include 
increased cross-sectional area (CSA), changes in muscle architecture, and changes in fiber type, 
among others, which are dose-dependent.3,4 In contrast to skeletal muscle’s highly adaptable 
nature, tendons typically take longer to adapt to loading, as they contain a high concentration of 
extracellular matrix (ECM) with relatively few fibroblasts interspersed within, which is 
advantageous for transmitting tensile force generated by skeletal muscles to joints but comes at 
the cost of slower remodeling and repair.  
 
Common musculoskeletal conditions, described below, arise from mismatches in tissue adaptation 
in response to the loads placed upon the young combat athlete or loads exceeding the tissues’ 
threshold of adaptation, resulting in injury.  
 
Epiphyseal and osteochondral injuries 
 
Osteochondritis dissecans OCD is a pathology first described in 1888 by König5 as loose bodies 
within the joint. The juvenile onset form and adult-onset OCD are considered the same process, 
but the prognosis in the skeletally immature patient is more favorable. OCD is primarily caused 
by repetitive trauma that impedes blood supply and subsequently causes necrosis in the absence of 
traumatic injury. This differs from the osteochondral lesions that are seen in adult patients. 
Edmonds and Polousky6 describe the lesions as originating within the unossified epiphyseal 
cartilage involving the subchondral bone and the articular cartilage.  
 
MR imaging is helpful in assessing the stability of OCD and its prognostication.7 The chondral 
fragment is considered the progeny of the parent bone and the ossification of the progeny is a sign 
of healing, whereas fluid signal intensity in the over-lying articular cartilage and full thickness 
defects are signs of poor prognosis. MRI features suggestive of normal variance, not OCD, include: 
posterior location (not intercondylar); absent bone marrow edema; accessory ossification centers 
and spiculated cortical margins; intact secondary ossification center physis; and young age with a 
large amount of epiphyseal cartilage.8 
 
Acute avulsion fracture of the tibial eminence (ACL attachment site) is common in younger 
skeletally immature patients between 8-14 years old, especially boys when the intercondylar 
eminence is incompletely ossified.9 There are 4 such types of avulsion fractures; type I (non-
displaced) epiphyseal osteochondral displacement; type II, a posteriorly hinged attachment with 
elevation of the anterior margin of the fragment; type III, completely displaced; and type IV, a 
comminuted or rotated fragment.10 Radiographs will commonly miss these injuries, so MRI is 
indicated if they are clinically suspected. 
 
Apophyseal injuries  
 
Apophyseal injuries occur more frequently during puberty and adolescence and are more common 
than ligament and tendon injuries in this population. Apophyses are growth centers that do not 
contribute to linear growth. Instead, they serve as the bony attachments to tendons and ligaments. 



Acute fractures may occur from sudden and forceful muscle contractions, but more commonly 
arise from repetitive activities leading to microavulsions at the interface between the bony 
apophysis and the adjacent cartilaginous physis. Acute apophyseal injuries are most common in 
the pelvis and chronic overuse apophysitis is most common in the knee and ankle.8 

 
Acute patellar sleeve fractures are avulsion injuries at the superior pole of patella (they rarely occur 
at the inferior pole). The injury occurs when the bony aspect of the patella is pulled out of its 
cartilage sleeve. It is not a true bony fracture but it is managed in the same manner. Radiographs 
may show patella alta, a sliver-like patellar fracture fragment, joint effusion and soft tissue 
swelling. MRI can be useful to confirm the integrity of the patellar tendon and to study the chondral 
component of the fracture in the event that surgical fixation is indicated.8  
 
Chronic avulsive stress in the same location results in inferior patella traction apophysitis known 
as Sinding-Larsen-Johansson disease. Chronic traction apophysitis at the distal patellar tendon 
tibial tubercle insertion is called Osgood-Schlatter disease. Traction apophysitis at the Achilles 
tendon calcaneal insertion is called Sever’s disease.8 

 

Physeal fractures 
 
The physis (growth plate) is an exclusively cartilaginous structure present during years of growth 
and is the weakest component of the bone-joint unit in children. Mechanical forces which result in 
ligamentous or tendinous injury in adults tend to cause physeal fractures in children and 
adolescents. Increased athletic demand in many middle and upper school children increases the 
risk of growth plate fractures.11 
 
The Salter-Harris classification is the classification system most commonly used for pediatric 
growth plate fractures. A type I fracture occurs through the physis and can sometimes involve 
partial separation of the epiphysis from the metaphysis. A type II fracture occurs through both the 
physis and the metaphysis, type III involves both physis and epiphysis, and type IV involves both 
the metaphysis and epiphysis. The type V fracture is a crush injury of the physis and carries the 
worst prognosis.12 
 
Complications of physeal fractures include long bone growth arrest and angular long bone 
deformities. More than 30% of pediatric long bone fractures involve physeal injury, and 
approximately 15% of these develop post-traumatic growth arrest.13 The risk of growth 
disturbances is less related to Salter Harris type than to the specific physis involved, with lower 
extremity locations and those with undulating physes having highest risk. When the fracture plane 
separates the physis from the epiphysis, blood supply may be disrupted, leading to the development 
of vascular communications between the epiphysis and metaphysis may develop allowing a bony 
bridge to form across the physis.8 Large, central bridges can lead to limb shortening; smaller more 
peripheral ones, lead to angular deformity. In the lower extremity physeal fracturs are more 
common in the distal tibia with up to a third resulting in growth arrest.8 

 
Long bone stress injuries 
 



Almost 50% of all stress fractures in athletic children are tibial with the remainder occurring in 
the fibula, femur, metatarsals and tarsal bones. The sensitivity of early radiographs is as low as 
15% and delayed radiographs only reveal findings in 50% of patients. MR imaging with STIR 
sequences and T2-weighted sequences with frequency selective for fat saturation are very 
sensitive to the high signal intensity periosteal and marrow edema associated with stress 
reactions.8 
 
Cardiovascular 
 
Impact of Age on Sports Performance; maturation of the CV System 
 
The impact of age on cardiac and vascular structures is significant, making cardiovascular fitness 
a key area of focus for youth engaged in martial arts. Cardiovascular physiology research 
predominantly centers on individuals aged 10-17 years, offering insights into cardiopulmonary 
responses to exercise. However, deciphering these responses is complex due to varying growth 
rates, body composition changes, and individual biological rhythms.14 VO2 max is the maximal 
capacity to transport and utilize oxygen and is often used interchangeably with VO2peak to 
define aerobic fitness.15 As children and adolescents mature, their cardiovascular response to 
intense exercise and peak oxygen uptake (VO2peak) evolves. Stroke volume (SV) rapidly 
increases at the onset of exercise, plateaus at around 50-60% of VO2 peak, and remains constant. 
 
Heart rate (HR) rises in a more linear fashion, enhancing the cardiac output (CO). Both SV and 
CO are crucial in the evolution of cardiopulmonary fitness.14 These cardiac adaptations 
collectively shape children's unique cardiovascular responses to exercise.16 These physiological 
adaptations are particularly true in athletes as young as 12, where cardiac adaptation to training 
has been demonstrated.17 Interestingly, the cardiovascular responses to progressive exercise are 
similar between girls and boys, even when considering differences in age, growth, or maturity.14 
 
Martial arts training emerges as a beneficial avenue for children, resulting in improved VO2max 
and cardiovascular fitness.18-22 Focusing on activities that improve cardiovascular and respiratory 
efficiency is key to safely enhancing their VO2 max, a powerful predictor of general health.23 
However, since children exhibit higher relative VO2 values once adjusted for body weight, 
tailoring the intensity of their training to match their distinct aerobic capacities becomes crucial. 
Given their reliance on HR for increased cardiac output and a faster respiratory rate, monitoring 
these parameters can prevent overexertion.15,24,25 The variable nature of VO2 max across 
different ages underscores the importance of age-appropriate training programs that 
accommodate ongoing physiological changes. Exercises should be designed to gradually build 
muscle strength and endurance, fostering safe cardiovascular development. Additionally, 
capitalizing on their quicker recovery rates can inform the structuring of training sessions, 
incorporating suitable rest intervals to prepare young athletes for the rigors of combat sports 
safely and effectively.15,21,26 
  
Varied changes mark the cardiac development and remodeling process in young athletes. The 
heart adapts to increasing metabolic demands during puberty by enhancing myocardial mass and 
chamber size, shifting from right ventricular (RV) dominance to a more balanced cardiac 
structure.27 The dynamic physiological adaptation involving cardiac hypertrophy and specific 



morphological changes due to systematic training is known as athlete's heart.28,29  While 
generally considered a benign condition, the implications of these changes in children and 
preadolescents are less understood.27,29-31  

 
Long-term Cardiovascular Health in Young Fighters 
 
Engaging young athletes in combat sports provides cardiac health benefits from childhood into 
adulthood and mitigates the long-term impact of cardiovascular disease.25,32 These young athletes 
must sustain a high level of cardiorespiratory fitness that positively impacts body mass index, 
BP, and microvascular health. Furthermore, there is currently no evidence to suggest that the 
heart remodeling seen in athletes leads to long-term cardiovascular issues or sudden death. 29 
 
Heart Rate and Blood Pressure Response 
 
Blood pressure (BP) elevations are normal physiological responses to heightened oxygen 
demands, engaging the cardiovascular, respiratory, and metabolic systems. However, some 
children maintain an abnormally high systolic BP during exercise, although the clinical 
significance of this still needs to be established.33 Hypertension, commonly seen as an adult 
issue, can start in childhood and adolescence, significantly impacting long-term cardiovascular 
health.34,35 Furthermore, reports of elevated blood pressures and additional potential cardiac risk 
factors in seemingly healthy young athletes imply that excessive training could negatively impact 
cardiovascular health.36 Other factors contributing to the increasing prevalence of hypertension 
in adolescents are factors such as the use of steroids, energy drinks, and other supplements.30,35 
Therefore, screening and identifying children participating in combat sports for abnormal blood 
pressure is essential to identify and manage pathological levels of BP.   
 
Based on recommendations from the Association of Ringside Physicians and the American 
Academy of Pediatrics (AAP), BP classifications for combat sports athletes under the age of 18 
must be indexed to gender, age, and height 
(https://www.nhlbi.nih.gov/files/docs/bp_child_pocket.pdf). AAP also recommends that children 
and adolescents with stage 1 hypertension without organ damage or heart disease can participate 
in competitive sports but require blood pressure reevaluation within one to two weeks. If 
symptoms exist or there is evidence of organ dysfunction, a referral to a pediatric medical 
subspecialist is necessary.37 The Association of Ringside Physicians has stated that children 
suffering from stage 2 hypertension should be restricted from high-static sports such as 
weightlifting, boxing, mixed martial arts, and wrestling until hypertension is controlled.38,39  
Furthermore, it is recommended that all youth with persistently elevated BP undergo a cardiac 
workup before athletic participation.40-42  

 
Risk of Cardiac Events 
 
The incidence of sudden cardiac death (SCD) in children aged 3 to 13 years and 14 to 25 years 
has been reported to be 0.61 cases per 100,000 and 1.44 cases per 100,000 people, respectively.43 

Although rare, the risk of SCD in young athletes underscores the importance of preparticipation 
cardiovascular screening to identify those at risk.44 SCD is a significant event reported to be 
triggered by exercise in young athletes.26 Extra caution is advised for young athletes in combat 



sports, as blunt trauma to the chest, as seen in other sports such as baseball and football, has been 
shown as to cause commotio cordis (CC).45,46 This condition is a leading cause of SCD in young 
athletes, with a mean age of 15.46 While no cases of CC have been published among pediatric 
combat sport athletes to date, an adolescent fatality attributed to multiple organ failure after a 
prolonged cardiocirculatory arrest from a single karate kick to the trunk has been described.47 
SCD is commonly associated with underlying cardiovascular conditions depending on age, with 
primary arrhythmia, hypertrophic cardiomyopathy (HCM), and myocarditis being the most 
common in adolescents and young adults. Therefore, it is important to distinguish between 
pathological cardiac remodeling like HCM versus physiological causes such as athlete's heart. 
Other cardiovascular anomalies associated with SCD in young athletes include congenital 
coronary anomalies and arrhythmogenic right ventricular dysplasia.29,31,45,48,49  
 
In an attempt to identify youth vulnerable to SCD, the American Heart Association (AHA) and 
American Cardiology Association (ACC) recommend a 14-point screening guideline, which 
includes a detailed history and physical exam and BP measurements before participating in 
competitive sports.45,50 However, this approach has been argued by some as inadequate, 
suggesting that other modalities, such as the use of ECGs, echocardiography, and MRIs for 
screening, should be more strongly promoted.51-55 Ultimately, screening for SCD should attempt 
to minimize the healthcare burden while effectively detecting at-risk conditions by adjusting the 
screening depth to individual risk factors and available resources.56 
 
Renal 
 
Kidney Development 
 
During embryonic development, kidneys go through three different stages of development. These 
stages are the pronephros, mesonephros, and metanephros, which eventually become the 
permanent kidneys. The most active nephron development happens particularly in the first year of 
life. While the tubules and glomeruli epithelium of a 7–9-year-old child look like those in an adult, 
the distribution of nephrons doesn't fully mature until around age 15. The internal and external 
kidney vessels continue developing until the age of 18. Although kidneys approach their definitive 
state by the age of 11, complete development usually finishes around the 22nd year of life.57  
 
Physiological Variances in Kidney Function 
 
Significant physiological differences exist between adults and children regarding kidney function. 
Despite children having a higher proportion of total body water (Child: 60-75%; Adult: 50-55%), 
their osmotic dilution function matures earlier than their osmotic concentration function (up to age 
16), which results in greater water loss, increased susceptibility to rapid fluid loss, and waste of 
more sodium compared to adults. Infants have a higher proportion of water in the extracellular 
compartment than older children or adults, making them more susceptible to dehydration.58,59 
These are the reasons why weight cutting in children is more dangerous than in adults. Dehydration 
symptoms include dry oral mucosa, vomiting, diarrhea, fever, decreased oral intake, oliguria, 
altered mental status, and hypovolemic shock. Dehydration may increase the risk of other illnesses 
or injuries, such as renal impairment or concussion.60 Children also have higher energy and nutrient 



demands than adults, which can be impacted by weight cutting, potentially affecting growth and 
development.61,62  
 
Impact of weight cutting 
 
Athletes in combat sports are required to meet specific weight categories to compete. As a result, 
competitors resort to various weight-loss methods to meet the competition weight requirement. 
These methods include restricting food and fluid intake along with intentional sweating, sauna 
use and sometimes more extreme or potentially harmful medical practices, such as the use of 
diuretics.63  
 
Weight-cutting practices among young combat athletes are similar to those observed in adults, a 
trend that warrants concern due to the potential health risks directly involving both the 
cardiovascular system and renal system.64,65 Unfortunately, there have been cases of weight-
cutting related deaths in combat sports due to these complications.64,66  
 
While the specific adverse effects on the cardiovascular system of young athletes from weight 
cutting are not fully understood, it is hypothesized that these practices may induce cardiovascular 
strain by decreasing stroke volume and consequently increasing heart rate.67 Moreover, weight 
cutting, leading to dehydration and increased blood viscosity, impairs cardiac efficiency and 
increases the risk for acute cardiovascular issues such as ischemic heart disease and stroke.63,68,69  
 
 The extreme dehydration suffered by some fighters during weight cutting can also produce 
elevations in serum creatinine, plasma osmolality and sodium concentration, as well as volume 
depletion, fall of the glomerular filtration rate, and even ischemia, leading to an acute kidney injury 
(AKI).70 Furthermore, in addition to the acute pathology, recurrent episodes of AKI are linked to 
chronic kidney disease and make fighters who usually dehydrate in excess more prone to suffer 
long-term kidney complications. In most cases described, adults are the predominant demographic 
affected.71,72 However, as previously explained, children are more susceptible to dehydration than 
adults. Therefore, great caution must be exercised when it comes to children.  
 
High levels of physical exertion, as seen in training camps, add another variable to the 
complications seen in weight cuts, as this physical exertion can produce excessive muscle cell 
damage, leading to rhabdomyolysis.73 The typical rhabdomyolysis triad consists of weakness, 
muscular pain, and dark urine. However, these three symptoms occur together in less than 15% of 
the cases, and most frequently rhabdomyolysis appears only as dark urine without any other 
symptoms.74 In case of dark urine after excessive weight cutting, a rhabdomyolysis should be 
promptly considered.75,76  
 
Despite its prevalence and perceived benefits, studies indicate that weight-cutting offers a minimal 
competitive edge. 64,77,78 As mentioned in the previous paragraphs, children and adolescents are at 
higher risk for dehydration. Considering the critical phases of growth and development during 
childhood and adolescence and the damage that can be seen with extreme dehydration, imposing 
stringent regulations or, ideally, a complete ban on weight cutting in these vulnerable age groups 
is imperative. 
 



Thermal Regulation in Children 
 
Children have a higher body surface area-to-body weight ratio than adults. This results in the 
redistribution of blood volume to peripheral vessels when the body skin is warmer than the 
environment, enabling greater dissipation of body heat through dry means. Unlike adults, children 
depend less on evaporative heat dissipation, making them more prone to an excessive increase in 
core temperature, especially in extremely high temperatures, such as in a sauna, as they absorb 
more heat.62,79  

 
Sports Participation and Chronic Kidney Disease 
 
In the realm of sports participation among children with renal pathology, the scientific community 
has shifted its perspective from being highly conservative to slightly more permissive.80 The 
primary causes of chronic kidney disease (CKD) include congenital kidney diseases (e.g., renal 
hypoplasia), inherited conditions (e.g., polycystic kidney disease), acquired diseases (e.g., 
glomerulonephritis), and metabolic disorders (e.g., cystinosis). Despite diminished sports 
performance in children with CKD compared to control groups, engaging in sports can offer 
significant benefits. Goldstein and Montgomery observed improved 6-minute walk distance and 
lower extremity strength in children over 8 years old after three months of two training sessions 
per week.81,82  
 
Even though there is no consensus on sports participation recommendations for individuals with a 
single kidney, the American Academy of Pediatrics and the Canadian Urological Association 
suggest that clinical judgement should be applied with every individual, and that risks should be 
explained to the primary caregivers.83 This suggestion is also applicable to all types of CKD and 
to children undergoing dialysis therapy. However, contact and collision sports should always be 
avoided in the case of patients with a transplanted kidney or a single kidney situated in the pelvic 
or iliac region presenting with multicystic characteristics, demonstrating hydronephrosis, or 
showing ureteropelvic junction abnormalities.81,84 When discussing inherited and acquired 
conditions, each case should also be examined independently. For example, in the context of 
polycystic kidney disease (PKD), it is advisable to abstain from contact sports among individuals 
with substantial nephromegaly due to an increased risk of cyst rupture. Moreover, any instance of 
cyst pain or gross hematuria should be immediately reported to the physician.85  
 
Hormonal  
 
Endocrine Responses to Martial Arts Training and Competition  
 
Physical activity plays a pivotal role in tissue anabolism and growth among children and 
adolescents. Training-induced anabolic effects among the pediatric population are largely age- 
and maturity-dependent, owing to the combination of rapid muscle growth and spontaneous 
puberty-related increases in anabolic and steroid hormones. 
 
Below is a summary of the effects of combat sports training on the anabolic, catabolic and sex 
hormones in the pediatric population, based on the body of knowledge available at this time.  
 



Effect on anabolic hormones  
 
The growth hormone-insulin-like growth factor-1 (GH-IGF-1) axis regulates critical life 
processes and begins at the central nervous system where several neurotransmitters stimulate the 
hypothalamus to synthesize growth hormone-releasing hormone (GHRH) and somatostatin 
(SMS) leading to the secretion and inhibition of growth hormone (GH) from the anterior 
pituitary by GHRH and SMS, respectively.  
 
GH’s response to training depends on the duration and intensity of training in addition to the 
athlete’s fitness level, the timing of blood sampling, and other environmental factors.86 
 
IGF1 is responsible for most of the anabolic and growth-related effects of GH. It stimulates SMS 
secretion and inhibits GH by a negative feedback mechanism.87 Some of IGF1’s effects are GH-
dependent, while the majority of its effects are due to autocrine or paracrine secretion and 
regulation that are partially GH-dependent.  
 
In the context of endurance training, sessions should last at least 10 minutes in duration in order 
to stimulate GH secretion.88 Training-induced GH secretion peaks around 25-30 minutes of 
training irrespective of total training session duration.89,90 
 
In the context of anaerobic training, significant increases in GH levels can be seen following 
supramaximal effort in short intervals, as little as 30 seconds in duration.91 
 
A study conducted by Eliakim et al.92 aimed to compare the effects of IGF-1 on male and female 
late pubertal individual and team sports athletes. The authors reported no difference in GH 
response between individual and team sport practices. This may be due to several limitations in 
study design such as the inability to control each participant’s fitness level and each practice’s 
intensity level, the nature of the sports chosen and the associated psycho-physiological effects on 
the athletes engaging in their respective team v individual v combat v noncombat sport. 
 
Effect on sex hormones  
 
The female reproductive system is regulated by the hypothalamic-pituitary-ovarian axis, where 
pulsatile gonadotropin-secreting hormone (GnRH) secretion stimulates the anterior pituitary 
secretion of luteinizing hormone (LH) and follicle-stimulating hormone (FSH).  An optimal 
pulsatile frequency and monthly LH and FSH rhythmic stimulation is necessary for ovarian 
follicle growth and estrogen secretion.  
 
The male reproductive system is regulated by the hypothalamic-pituitary-testicular axis. 
Similarly, pulsatile hypothalamic GnRH secretion stimulates LH and FSH secretion. Pulsatile 
FSH secretion stimulates testicular Sertoli cells to promote spermatogenesis while LH pulsatile 
secretion stimulates testicular Leydig cells to produce testosterone. The anabolic effect of 
testosterone is due to its interaction with androgen receptors.  
 
The association between testosterone concentration and strength development during growth 
occurs due to the parallel increase of testosterone and strength in boys. However, in girls, 



increased strength appears to be proportional to changes in body size, but not to changes in 
estrogen.93 In contrast to male athletes, the source of training-induced testosterone production in 
female athletes is the adrenal gland. Thus, post-training increases in testosterone in female 
athletes are typically accompanied by an increase in DHEA and androstenedione.94,95 
 
Intense physical training has been found to delay the onset of puberty in female athletes by 
altering normal hormonal development.96 In general, boys who participate in sports demonstrate 
normal growth rates and are considered normal or even advanced for their state of skeletal and 
sexual maturation.97 Given the nature of weight management associated with combat sports 
training and competition, a broad concern regarding the physiological stress that accompanies 
combat sports competition in addition to nutrient/fluid restriction in order to make weight and 
body mass fluctuations throughout the competitive season has raised speculation regarding 
slowed somatic growth of adolescent weight-class based combat athletes during crucial periods 
of growth and development.98,99 Piskin et al.100 sought to evaluate the effects of intense training 
during somatic growth on the onset of puberty and growth development in adolescent wrestlers 
compared to their sedentary peers across the following domains: somatic growth parameters, 
maturity of puberty and sex hormone levels. The authors reported no signification differences 
(p>0.05) in terms of resting total testosterone, prolactin, cortisol, IGF1, FSH, LH and DHEA-S 
levels. TSH was significantly higher in wrestlers compared to controls (p=0.015). However, there 
was no difference in fT4 levels (p>0.05). Additionally, the wrestlers had lower body fat and 
greater energy expenditure per week, though there were no significant differences in height, 
weight, or body mass index.100  
 
Nasri et al.101 aimed to investigate the correlation between bone parameters, grip strength (GS), 
explosive legs power (ELP), and hormonal parameters, and to identify the most determinant 
variables of bone mineral density (BMD) among adolescent combat sport athletes compared to 
sedentary controls. Combat sport athletes (from judo, karate, Kyokushin karate, kung Fu and 
boxing) were compared to sedentary subjects who were matched for age, height, and pubertal 
stage. The average weight, body mass index (BMI), and total lean body mass (LBM) was higher 
in the athletes compared to the sedentary controls. Both dominant and non-dominant hand GS 
were higher in the athletes compared with the sedentary group. All bone parameters (BMD of 
whole body, whole spine, arms, and legs) were statistically higher in the athletes compared to the 
sedentary group. ELP was significantly higher in the combat athletes participating in judo, karate 
and Kyokushin karate than in both boxers and the sedentary group. There was no significant 
difference between the athletes and sedentary group for hormonal parameters (e.g., GH and 
testosterone). This study confirmed that training in full contact combat sports like judo and 
Kyokushin karate was associated with higher bone density in lumbar spine, and lower and upper 
limbs, with the authors concluding that children and adolescents should be encouraged to 
participate in combat sports with a high osteogenic response.  
 
Cortisol 
 
Cortisol is secreted from the adrenal cortex under the regulation of hypothalamic corticotropin- 
releasing hormone (CRH) and pituitary adrenocorticotropic hormone (ACTH). Cortisol 
stimulates gluconeogenesis and lipolysis, inhibits growth factor secretion and function, and 



inhibits the production of numerous inflammatory factors. Cortisol is considered a catabolic 
hormone due to its effect in protein degradation and reducing skeletal muscle protein synthesis.  
 
A controlled clinical trial by Pilz-Burstein et al.102 aimed to evaluate the effect of fighting 
simulation (3 fights, 6 min each, 30 min rest between fights) on anabolic and catabolic hormones 
in elite adolescent Taekwondo athletes. Significant decreases in LH and FSH in both sexes were 
noted following the simulation. Significant decreases in testosterone and free androgen index 
were noted in males, with milder decreases observed in females. Significant increases in cortisol 
were seen in both sexes. 
 
Passelergue and Lac103 aimed to determine variations in salivary cortisol and testosterone in 
national and international level adolescent wrestlers during and after a two-day competition.  
Saliva samples were taken during a rest day 3 weeks before competition, throughout the 
competition, and both 2 hours after the competition and daily for 8 days afterwards. The results 
of this study revealed higher levels of stress before and during competition, which were to be 
expected, and were seen with high levels of cortisol with no statistically significant increases in 
testosterone. During the active recovery period post-competition, a high testosterone:cortisol 
ratio was associated with a perceived state of fatigue among the athletes, which was thought to 
be due to a very high psychological strain from the competition, and this ratio normalized over a 
period of five days of active recovery. 
 
Neurologic 
 
Brain development does not stop at birth as the brain continues to mature through childhood, 
adolescence and even adult life. Adolescence, categorized as ages 10 to 19 per the WHO, is a 
specifically significant period for morphological and functional brain transformations.104 
 
Adolescence is when synaptic pruning and myelination are most pronounced allowing for 
reconfiguring the brain “wiring” into the adult form. This is thought to lead to developmental 
“thinning” of the neocortex and cortical regions contributing to roles such as higher levels of 
information processing, orchestrating actions, and advanced cognitive functions. Development of 
subcortical regions may explain the changes in adolescence related to modulating social, aversive 
and emotional stimuli1. Anatomically, brain volume increases in an inverted U-shaped trajectory 
and reaches 95% of its adult volume by 6 years of age. Cortical thickening is associated with 
complex cognitive tasks performance and occurs between the ages of 4.9 and 22 years with peak 
cortical thickness at no later than age 8 years old. Deviations from these trajectories are associated 
with developmental disorders.105  
 
Mild traumatic brain injuries or concussions are known to cause short term deficits such as 
behavioral changes, cognitive impairment, sleep disturbances, somatic symptoms and emotional 
symptoms. These symptoms may persist long-term but the mechanism and factors resulting in 
persistent symptoms or Post-Concussion Syndrome (PCS) are less defined. Literature has shown 
that children report worse cognitive symptoms one-year post-concussion compared to adults. PCS 
may have effects on children’s personality, school performance, school attendance and athletic 
performance106,107 Studies have also shown that the most distressing part of having concussions, 
as perceived by the young athlete, is the resultant loss of activities whether secondary to the injury 



or to the prescribed treatment108 Chronic Traumatic Encephalopathy (CTE), previously thought to 
occur only in boxing, is a progressive neurodegenerative disease that develops due to sustaining 
repetitive head injuries109 CTE is now known to be secondary to repetitive head injuries sustained 
during multiple sports including football, hockey and wrestling.106 Studies done on the effect of 
accumulated subconcussive impacts on contact sport athletes at the collegiate level or younger, 
mainly within male football athletes in high school or college, revealed no changes in cognitive 
measures but showed changes in biomarkers and imaging over the season.110 
 
Within mixed martial arts (MMA), the data on concussion rates are not well documented in most 
studies, especially with children and adolescents.111,112 Studies on concussions and injury patterns 
in MMA have revealed the most common injuries are head injuries, concussions, lacerations and 
fractures; however, the order of frequency of these common injuries differed from study to study.113 

Studies on pediatric concussions reported a higher prevalence of concussions in judo compared to 
karate. Many of these studies on epidemiology of injuries in MMA; however, lacked follow-up 
evaluations, making it difficult to track these injuries.113 It is important to note that when new rules 
were introduced to modify techniques and permissible and forbidden areas, as done by the World 
Karate Federation, a significant reduction was seen in overall number of head injuries as well as 
the relative risk of injury for competitors below the age of 18.114 Similarly, studies done on 
concussion and head impact incidence rates on youth tackle football showed reduced rate of head 
impacts and concussion with contact training and practice contact restrictions.115-117  
 
The American Academy of Pediatrics had published recommendations for youth participation in 
Martial Arts in 2016 which emphasized the importance of supervision by properly trained 
instructors; delaying contact-based training until competency is achieved in noncontact-training 
with appropriate levels of physical and emotional maturity; limiting excessive force, dangerous 
techniques and blows to forbidden areas, encouraging training in defensive blocking techniques; 
and educating the young athlete and their parents on the increased risk of concussion, asphyxia 
or head and neck injuries during MMA combat fighting.113 The ARP position statement on 
headguard use in combat sports highlights that headguard use is highly effective in reducing the 
incidence of facial lacerations, but cannot be relied upon to reduce the risk of concussion or other 
traumatic brain injury.118 Further research is needed in this area. The AAP also strongly opposes 
participation in boxing and sports where head blows are a central element to the sport.119 
Similarly, in other sports, such as youth tackle football, previous research has indicated that 
earlier participation in tackle football was associated with worse behavioral, cognitive and 
neuroimaging outcomes later in life. This was hypothesized to be due to the critical period of 
brain development in ages 10-12. However, these findings are now challenged by more recent 
studies which reveal that early participation in high-risk sports is not associated with worse 
cognitive, behavioral, psychological or physical outcomes.120-122 These studies suggest that 
further research is needed into MMA and long-term cognitive, behavioral, psychological, 
neuroimaging and physical outcomes to allow for more updated recommendations to guide 
young fighters to safely participate in MMA. 
 
Given these unique considerations for the developing brain, as well as high relative risk of 
concussion associated with martial arts123, great efforts should be undertaken to optimize safety 
and decrease risk for youth athletes who choose to participate in martial arts. These efforts may 
be focused on (1) pre-bout training, (2) mid-bout fighting, and (3) post-bout evaluation. There is 



a paucity of literature regarding the risk and prevention of brain injury in youth martial arts, so 
some considerations are extrapolated from other youth contact sports. 
 
In the pre-bout setting prior to participation, appropriate education regarding the safety 
participation is essential. 113,124 This education should be geared toward all involved parties, 
including youth athletes, parents, and coaches; several studies have demonstrated reduced head 
impacts in child and adolescent American football with comprehensive coach education.125-128 

Once informed consent is obtained for participation, training should only occur in a formal and 
structured setting. One study found that more than 20% of facial injuries reportedly sustained 
from boxing/martial arts occurred while fighting a family member/friend or by “accident”.129 

Ensuring that combat is reserved for supervised training and competition settings is a simple way 
to reduce this risk. Additionally, training should be led by qualified instructors who have intimate 
knowledge about proper offensive and defensive techniques. Multiple studies investigating head 
blows and concussions in Taekwondo suggest that development of appropriate stance and 
blocking skills is important for decreasing injury risk.124,130,131 

 
In addition to optimization of technique, personal protective equipment such as mouthguards and 
headguards have historically been worn depending on the martial arts form being practiced. The 
role of mouthguards in reducing incidence of orofacial trauma in sports has been well 
established132, but studies investigating whether they reduce concussion risk in youth athletes 
have shown conflicting results.133 The ARP position statement on mouthguards notes that there is 
potential for decreased severity of concussions with the use of mouthguards but acknowledges 
the lack of evidence to support a decreased incidence of concussions with them.134 Soft headgear 
may prevent minor facial trauma, but there is a lack of data at this time to suggest that it reduces 
incidence of concussion or sub-concussive trauma in martial arts.113 Not only should protective 
equipment be worn, but it should be appropriately fitted; studies in adolescent football and youth 
ice hockey identified that secure helmet fit may reduce concussion incidence and severity.135,136  

 
In the pre-bout setting, training time has also been associated with injury incidence in youth 
fighters, with a significant increase in risk of injury after about 3 hours of training per 
week.137,138 Furthermore, injury risk doubles with each additional two hours of training.138 

Minimizing training time to that which is required to teach proper technique may be important. 
Some studies even suggest elimination of training fighting/sparring altogether.129 

 
In addition to the pre-bout setting, a focus on mitigating risk of neurologic injury during bouts is 
also crucial, as youth martial arts athletes were twice as likely to sustain a head/neck injury 
during competition in comparison to other settings.139 Competition changes to prioritize safety 
can be very effective in reducing risk of neurologic injury in martial arts. For example, in 2000, 
the World Karate Federation strengthened rules to reduce prohibited behaviors such as 
uncontrolled blows in competition; overall relative risk of head injury was found to be 
significantly lower after rule implementation in 2002 as compared to 1997, particularly in the 
competitors <18 years old.140 One study investigating the epidemiology of martial arts-related 
injuries presenting to pediatric emergency departments from 2004 to 2021 found a decrease in 
injury rates specifically between 2013 and 2021; the authors suggest that this may be due to rule 
and regulation changes.139 

 



In other youth sports, rule and regulation modifications designed to reduce head contact 
altogether in competition has demonstrated variable results. In 2011, bodychecking was banned 
in youth ice hockey until age 13, resulting in a 58% reduction in sport-related concussion rates 
and no unintended injury consequences based on a meta-analysis.141 In 2012-2013, youth 
lacrosse rules were modified to increase penalties for intentional checking, and concussion risk 
also decreased significantly.142 In 2015, heading in soccer was banned for players until age 11, 
and one study did not find decreased rates in emergency room concussions, but they note several 
limitations of their study.143 Currently, some martial arts governing bodies, including the World 
Taekwondo Federation (WTF), allow strikes to the head for competitors all ages. In fact, WTF 
increased the number of points awarded for head kicks in to improve technical quality; one study 
found that this greater incentive to attack the face/head did not result in higher concussion 
incidence.144 Other governing bodies, such as the International Mixed Martial Arts Federation 
(IMMAF), have banned strikes to the head or face at all levels of youth competition before age 
18; they have developed additional rules for Youth C (12-13 years), Youth B (14-15 years), and 
Youth A (16-17 years). There is a paucity of data comparing the neurologic injury profile of 
youth fighters who participate in these different martial arts forms. 
 
In addition to rule and regulation modification, there is ongoing research to identify a “safe” age 
at which to allow contact in sport (i.e., hits to the head in the setting of martial arts). As 
mentioned, this is an important consideration due to critical brain development that occurs in 
childhood and adolescence. This has not been well investigated in martial arts, but football may 
serve as the best model from which to extrapolate, given the similar nature of not only 
concussion but more importantly repetitive, sub-concussive head impacts. Currently, most 
organizations have not published a recommended age at which to start tackle football. However, 
it has been established that there are fundamental differences in the younger athlete due to active 
brain development between the ages 8 to 12 and larger head to neck/body ratios.145,146 

Furthermore, two studies147,148 have reported worse outcomes in athletes who started tackle 
football before age 12. The Concussion Legacy Foundation currently recommends delaying 
tackling until age 14 based on a study149 in football players that found that risk of developing 
CTE was correlated to the number of years of play, as opposed to number of concussions. They 
estimate that this could prevent about 50% of future CTE cases. Based on the currently available 
data, consideration of delaying head blows in martial arts until age 12 may be appropriate at this 
time. 
 
Although efforts taken during pre-bout training and in competition fighting do not completely 
prevent neurologic injury, another safety focus is the proper management of head injury during 
competition. Similar to other sports settings, this can be achieved through recognition of injury, 
removal from play, evaluation in the acute setting and re-evaluation in the clinic, recovery time, 
rehabilitation, and implementation of formal return-to-learn/sport progression.150 One unique 
aspect of medical care in martial arts is medical suspension, a specified amount of time that an 
athlete is prohibited from sparring and/or competing in order to promote time to recover. For 
example, a significant injury such as a knockout generally comes with the longest suspension at a 
minimum of three months. Currently, these guidelines are not consistent among martial arts 
forms and commissions even at the professional level. At the youth level, some martial arts 
forms remain unregulated or illegal in some states, thus youth athletes are less like to undergo a 
post-bout evaluation and consideration of medical suspension. Furthermore, suspension timing 



would need to be tailored to this unique age group. Due to differences in brain development, 
skull thickness, neck strength, and other physiologic distinctions, youth athletes may require 
different recovery times than adult athletes; however, the current body of literature is inconsistent 
regarding whether young age is associated with overall prolonged recovery after concussion,151 
even though cognitive deficits were found to be higher at one year out as comparted to the adult 
population. A recent systematic review found that youth athletes generally took 10 days to 
return-to-learn and twice as long to return-to-sport152, however, these athletes did not sustain 
knock outs, which is an injury-related characteristic whose relationship to recovery is not clear. 
151 One unique consideration regarding medical suspension timing in youth athletes is second 
impact syndrome (SIS). It is a rare condition - so rare that it is a controversial diagnosis - in 
which an individual sustains a second head injury prior to complete recovery from a prior head 
injury, leading to a catastrophic event.153 Case reports typically describe contact athletes of male 
sex and aged 13 to 23154, so this is a notable consideration in youth martial arts.155  
 
Psychosocial 
 
Introduction/ Normal Psychosocial development 
 
Psychosocial health is an important component of the overall health of young athletes. 
Psychosocial health is largely viewed as one’s mental and behavioral wellbeing, as influenced by 
social, cultural, and environmental factors.156 From 2016 to 2019, the most commonly seen 
mental health diagnoses amongst pediatric patients within the United States included attention-
deficit/hyperactivity disorder (ADHD), anxiety, depression, and behavioral problems.157 The 
Center for Disease Control (CDC) recognizes that psychosocial health can impact an 
adolescent’s ability to make daily decisions, manage stress, and form social relationships.157 
 
Given the biologic, social, and environmental changes that are unique to adolescence, the 
pediatric population is particularly susceptible to external influences.158 When exposed to 
positive influences, adolescents can better develop strategies for emotional regulation, problem-
solving, and conflict-resolution.158,159 Furthermore, these strategies are shown to carry forward 
into adulthood and have lifelong impacts on individuals as they age.160 Qualitative research has 
suggested that youth athletes who participate in martial arts report more positive socio-
psychological responses when asked behavioral and competition-related questions.161 
 
Participation in sports has proven to be a powerful factor in improving psychosocial health in 
children and adolescents. In fact, the social dynamic of sports seems to offer greater benefits for 
young athletes than physical activity alone.162 Sports participation has been shown to promote 
greater levels of self-esteem, as well as lower levels of depression and hopelessness in young 
athletes.163,164 When 60 martial arts athletes, aged 5-34, were evaluated for level of self-esteem, it 
was found that one’s self-perception improved in accordance with one’s experience and skill 
level.165 Martial arts youth athletes were shown to have higher self-reported scores in domains of 
personal-growth and self-acceptance when compared to other contact sport athletes, as well as a 
non-sport group comparator.166  
 
However, sport-related injury may come with the risk of future injury-related fears, mood 
disturbances, and decreases in confidence.167,168 Given these benefits and risks, careful 



consideration is given regarding the recommendations for young athletes hoping to participate in 
high-impact or contact sports, such as martial arts.  
 
Combat Sports Data 
 
Mood Disturbances-Anxiety & Depression 
 
Anxiety and depression represent two of the most common mental health illnesses in the 
pediatric population.157 Moreover, given the shared proclivity toward negatively biased 
information processing, it is common for individuals with anxiety to have comorbid depression 
and vice-versa.169 As it is known that factors such as physical activity and social interaction 
greatly influence mood and development in children and adolescence, sports may prove to be a 
powerful influence in this population.170,171 
 
Data suggests that participation in physical activity correlates with improvements in overall 
mental health such as rates of anxiety and depression172 A recent meta-analysis including 
122,056 adolescent participants, demonstrated that symptoms of anxiety and depression were 
significantly lower in those involved in sports compared to those that were not.173 Participation in 
sports may also have a protective effect against these mood disorders and related suicidal 
ideation by increasing social support and boosting participants’ self-esteem.174 A recent meta-
analysis demonstrated that participation in mixed martial arts training had a significant positive 
impact on athletes’ wellbeing, as characterized by a healthy self-concept and a higher level of 
self-esteem.175  
 
However, some data suggests that, while team-based sport participation may improve overall 
mental health, individual sport participation could be associated with greater rates of mental 
health disease including anxiety and depression.176 A proposed explanation from related studies 
is that individual sport athletes, such as martial arts, may be more likely to participate in sports 
for goal-oriented reasons, rather than for enjoyment making the data difficult to interpret.177  
 
Aggression  
 
Aggression is a common phenomenon seen in childhood. It is defined as any 
behavior, including verbal events, which involves attacking another person, animal, or object 
with the intent of harming the target.178 Aggression has also been shown to have lasting effects 
into adulthood, correlating with future social isolation, low socioeconomic status, and criminal 
behaviors.179  
 
It has been proposed that activities that provide an outlet for aggression, such as martial arts, 
may, in effect, lower rates of aggression in participants.180 Current literature does suggest that 
participation in combat sports, such as martial arts, may provide an outlet for lowering levels of 
aggressive behavior in young athlete Some studies show that sports participation is associated 
with lower rates of aggression in adolescents.181 Similarly, youth participation in martial arts was 
shown to be related to a reduction in aggression.182 
 



A school-linked course in martial arts was found to promote improvements in regard to 
resistance to rules, inappropriate social behavior, and violence.183 A similar school-based martial 
arts intervention amongst 3rd, 4th, and 5th graders found that those participating in traditional 
martial arts were found to have a lower frequency of aggression and greater frequency toward 
helpful bystanding in situations such as bullying behavior, possibly linked to greater empathy.184 
 
While certain studies link participation in combat sports, such as karate, to higher levels of anger, 
it is important to note that anger was used as a positive trait indicating greater drive to 
succeed.185 Though still, in further studies, lower rates of aggression were seen with participation 
in non-contact sports, with no significant difference found in those participating in contact 
sports.186 Future studies may be helpful to better clarify the relationship between participation in 
combat sports and levels of aggression in young athletes. However, the current literature suggests 
that participation in combat sports, such as martial arts, may provide an outlet for lowering levels 
of aggressive behavior in young athlete participants.  
 
Cognitive Ability- Cognitive Flexibility & Processing Speed 
 
Cognitive ability describes how an individual carries out mental processes such as problem-
solving, comprehension, and reasoning.17 Related to cognitive ability are cognitive flexibility and 
processing speed. Cognitive flexibility is one’s ability to adapt to changing tasks or problems.188 

Processing speed is the speed in which and individual carries out cognitive tasks.189 These are 
remarkably important characteristics as one’s cognitive abilities have been shown to have a 
broad range of effects throughout one’s life, spanning from socioeconomic status to occupational 
performance to physical health and overall longevity.190  
 
Studies have demonstrated that physical activity may have a positive effect on overall cognitive 
functioning in children.191 Moreover, participation in sports at a young age could positively affect 
academic performance in children and adolescents.192 There is some data that suggests that 
participation in combat sports such as boxing may improve individual characteristics such as 
processing speed.193 
 
A recent systematic review and meta-analysis analyzed sport participation for individuals 
between ages 6 and 18 for contact sports including football, taekwondo, and judo. Authors found 
a large effect size in cognitive flexibility which may be attributable to the need for frequent 
adaptation to the dynamic environment associated with these sports.194 In addition, there is 
evidence that participation in martial arts predicted improvement in youth processing speed.182 In 
a study comparing 102 young participants that were involved in either martial arts, a team sports, 
or no sports, young martial arts athletes were found to score better in executive function tests and 
overall academic performance.195 
 
While there remains limited information that specifically investigates the role of combat sport 
participation in cognitive development and skill attainment, the current literature suggests that 
participation in combat sport such as martial arts may have positive effects on a young athlete’s 
cognitive growth. 
 
Discussion 



 
The popularity of youth MMA training and competition has grown in-step with the expansion 
and growth of MMA worldwide. The health benefits of MMA training and the enhanced 
capabilities realized are appreciated in light of the global trend of insufficient youth physical 
inactivity. In the same vein, early sports specialization, overtraining and dangerous practices 
associated with weight-class sports should be monitored and mitigated by coaches, parents and 
clinicians This increased popularity is of importance given the global shift of youth inactivity 
with 81% of adolescents aged 11-17 failing to meet the WHO’s recommended levels of physical 
activity.196 
 
While rule sets, supervised training, and thorough pre-participation and post-bout physical 
examinations help reduce the risk of illness and/or injury, adhering to the Long-Term 
Development (LTD) in Sport and Physical Activity Framework is critical to risk reduction of 
stress and overuse injuries. 
 
The LTD framework is a system of training, recovery and competition based on developmental 
age or maturity through a 9-stage process that provides a variety of pathways for participation, 
training and competition throughout childhood and adolescence.197  
 
The key factors underlying the LTD framework operate at 3 levels: the individual (Personal 
Factors), each sport and physical activity-supporting organization (Organizational Factors) and 
across the country system as a whole (System Factors).198 
 
A variety of training modalities are included in the LTD framework including: strength training, 
balance training, plyometric training, agility training, core training and sport specific training. All 
serving to enhance overall physical preparedness and well-rounded athletic ability through the 
fundamental sport movements of running, jumping, landing, cutting, and the ability to balance on 
one leg, which ultimately transfer well to skill development in MMA. 
 
Several combat sport specific LTD frameworks are available to help coaches, clinicians and 
parents guide young athlete development in boxing199, Judo200-202, Taekwondo203, 
Wrestling204,205, and MMA206. 
 
Recommendations 
 
Based on the available body of scientific evidence and with the goal of promoting safe sport, the 
Association of Ringside Physicians recommends the following regarding the young combat sport 
athlete:  
 

● Clinicians should maintain a high index of suspicion for growth plate injuries and physeal 
stress overuse injuries among this population. Complaints of persistent bone or joint pain 
should be evaluated by an experienced clinician. 

 
● Any child or adolescent with stage 2 hypertension, as determined according to age, height 

and gender specific parameters, should be restricted from combat sports until blood 
pressure is under control. Substances that could elevate blood pressure, such as energy 



drinks, should be discouraged in this age group.  All athletes with persistently elevated 
blood pressure should be evaluated by an experienced clinician before participation 
clearance is given. 

  
● Weight cutting should be discouraged and even banned in children and adolescents, due 

to increased risk of injury to the heart, kidneys, muscle, and fluid/electrolyte balance.  
 

● Training should only occur under the supervision of qualified instructors skilled in 
teaching defensive and offensive techniques and tactics. Instructors should be educated 
on concussion signs and symptoms. 
 

● Training time should be limited to the amount needed for learning a skill set. Sparring in 
training should be avoided in those 12 years old and younger due to critical brain 
development occurring during these early years.  

 
● In competition, head strikes should be discouraged or even banned for athletes under 13 

years of age in order to reduce the high risk of developing Chronic Traumatic 
Encephalopathy associated with head trauma in the young athlete. 

 
● Post-bout exams should be thoroughly conducted and longer medical suspensions for 

concussions should be considered as children and adolescents take longer to recover and 
are at risk academically while recovering.  

 
These guidelines are recommendations to assist ringside physicians, combat sports athletes, 
trainers, promoters, sanctioning bodies, governmental bodies and others in making decisions and 
setting policy. These recommendations may be adopted, modified or rejected according to 
clinical needs and constraints and are not intended to replace local commission laws, regulations 
or policies already in place. In addition, the guidelines developed by the ARP are not intended as 
standards or absolute requirements, and their use cannot guarantee any specific outcome. 
Guidelines are subject to revision as warranted by the evolution of medical knowledge, 
technology and practice. They provide the basic recommendations that are supported by 
synthesis and analysis of the current literature, expert and practitioner opinion, commentary and 
clinical feasibility. 
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