3.1 Injuries associated with
pediatric sports practice

Authors and affiliation®:

Mauricio Monaco, MD, PhD: specialist in Pediatrics and Sports Medicine.
Surgical Doctor. National Sports Medicine Program (NSMP) Aspetar
Orthopedics & Sports Medicine Hospital (Doha).

Team member of the Pediatrics and Sports Work Group of the Catalan
Society of Pediatrics.

Sports injuries are injuries that occur when engaging in physical activity for
competitive or recreational purposes. Their incidence depends on intrinsic
and extrinsic risk factors.

Intrinsic factors may be determined by the individual's
genetics or by congenital or constitutional factors, lack of
flexibility, balance, and/or coordination, previous injuries,
muscle weakness or imbalance, or by physiological and
biomechanical characteristics of the growth and development
process. Extrinsic risk factors are related to sport-specific
requirements, environmental conditions, changes such as:
training planning, coach, playing surface or footwear, etc.
(Monaco et al., 2018, p.296).

The epidemiological profile of the injuries is related to the specific sport
being practiced (Brotons Cuixart, Monaco, Sevilla Moya, Guerra Balic, and
Calvo Terrades, 2013). Their incidence increases with age and competitive
demand, reaching a peak between ages 10 and 14, both in men and women
(Fridman, Fraser-Thomas, McFaull, and Macpherson, 2013; Gottschalk, and
Andrish, 2011; Koutures, and Gregory, 2010; Lykissas, Eismann, and Parikh,
2013; Mdnaco, 2015; Smith, Chounthirath, and Xiang, 2016). Regarding their
distribution by gender, however, some authors report a higher incidence in
men, and others, in women (Fridman et al., 2013, Gottschalk, and Andrish,
2011, Lykissas et al., 2013). Many of these studies are based on emergency
services, not on population studies. Therefore, greater participation by
males, or the sport selected may affect the results, as may higher levels of

1 The information contained in this document expresses the authors’ personal opinion and
criteria, and not of the institutions they are affiliated to.




aggression in males in certain disciplines (Caine, Caine, and Maffulli, 2006;
Lykissas et al., 2013; Fridman et al,, 2013; Magrini, Dahab, and Heyworth,
2016). However, injuries of the anterior cruciate ligament (ACL) are clearly
more prevalent in female athletes, probably due to hormonal and
biomechanical factors (Wedderkopp, Kaltoft, Holm, and Froberg, 2013).

The main difference in the pediatric population in comparison to adults is the
growth and development process. In bones, this is determined by the
physeal growth plates and by the secondary ossification centers (apophysis)
(Rosendahl and Strouse, 2016). This condition warrants a more conservative
and protective attitude when treating young athletes. The use of treatment
and return-to-competition protocols for adults in children is inadvisable
(Magrini et al., 2016).

Sports Injuries Can Be Acute or Due to Overuse

Acute injuries are more frequent during competition and in lower
extremities (i.e., ankle and knee) (Lykissas et al., 2013). This prevalence is
influenced by the fact that the lower extremities are predominantly used in
most of the sports in our environment. Acute injuries include different
clinical conditions, such as sprains, muscle injuries, fractures, injuries of the
anterior cruciate ligament (ACL) and concussions.

Joint sprains — most frequently in the ankle — are the main cause of acute
injuries (Lykissas et al., 2013; Monaco, 2015). The diagnosis is clinical and
treatment consists of relative immobilization and, sometimes, oral anti-
inflammatories. However, in the case of joint torsion or suspected ligament
injury in pediatric patients, a possible physeal fracture should be considered,
since the Ottawa rules (see below) may be less sensitive in young children
(Doherty C et al., 2014) (Brotons Cuixart et al., 2013).

Muscle injuries are the second cause of injuries. Muscle and tendon injuries
are more frequent during late adolescence (Monaco et al,, 2014). The main
symptom is abrupt and focal pain at the patient’s fingertip, and functional
impairment during contraction of the affected muscle.

Hematoma occurs in cases of total or partial rupture (grade 2-
3)and crepitus in cases of chronic tendinopathy. Pain depends
on the severity of the injury. In mild cases, it may be absent at
rest and appear when stretching. Evening pain in the
metaphyseal area is often “considered” growth-related and
there is no apparent etiology, but it should not be confused
with nocturnal pain that wakes the child from sleep. In this
case an oncological cause should always be considered,




although it may be associated with chronic tendinopathy in
post-pubertal patients. Anatomical-functional knowledge will
guide us through the etiological and structural diagnosis.
(Ménaco et al., 2018, p. 297).

Acute fractures are the fourth cause of injuries (between 18 and 25%) and
prevailin upper extremities (in children under the age of 16). They are usually
caused by falls or avulsion. Treatment depends on severity and the subject’s
skeletal maturation (De Inocencio, 2004, De Inocencio, Carro, Flores, Carpio,
Mesa, and Marin, 2016, Randsborg et al.,, 2013, Smith et al,, 2016). "Physeal
fractures, typical of the bone in formation, require special attention because
they can influence the growth of the affected limb" (Monaco et al., 2018,
p.297). They depend on skeletal immaturity and are usually sport-specific
(Rosendahl, and Strouse, 2016).

In older adults, ACL injury can occur in the knee when there is trauma in
flexion and forced valgus. There is a higher incidence in women with joint
hypermobility, in the presence of gene valgum and in certain sports, such as
soccer, handball or skiing. However, the same situation in prepubertal or
skeletally immature patients can favor a fracture of the tibial spine (lateral
intercondylar) instead of an ACL injury. This is due to incomplete ossification
of the tibial spine during growth and to a relative bone weakness with
respect to the ligaments. These acute injuries are among the most severe
that should be considered. The difference between these clinical conditions
is determined by the skeletal maturity (McConkey, Bonasia, and Amendola,
2011, Randsborg et al., 2013, Stracciolini, Casciano, Friedman, Meehan, and
Micheli, 2015). Its exploration may be similar to ACL (pain, immediate
inflammation, positive or equivocal Lachman'’s test) and require imaging
studies to confirm the diagnosis.

Cranial trauma is another severe injury. In recent years, pediatric specialists
have become more interested in this type of injury due to its increased
incidence.

They are more frequent in men and in contact sports (soccer,
rugby, handball, boxing, martial arts). Some experts call it
concussion, which is a type of minor cranial trauma (Minor
Traumatic Brain Injury- TBIm). It causes a series of metabolic
changes on the neuronal level. (Mdnaco et. al,, 2018, p. 297).
These changes occur due to a transient interruption of
cerebral blood flow, which causes a complex
pathophysiological process in the brain (Maugans, Farley,
Altaye, Leach, and Cecil, 2012).




These changes manifest themselves as an alteration of brain
function, affecting memory, orientation and/or cognitive
function to varying degrees. It may occur due to a direct
contusion (head, face or neck) or to deceleration or rotational
forces that are transferred to the brain. Loss of consciousness
only occurs in 8-19% of all cases and diagnosis requires no
imaging studies. Symptoms can be physical, cognitive,
emotional or sleep disorders. (Mdnaco et al., 2018, p. 297).

Many of these symptoms are subtle and this is a cause for underdiagnosis
within this population. For this reason, the medical community is
increasingly interested in this entity. The condition usually resolves
spontaneously in 7 to 14 days, although in children it requires a longer
recovery time, and some symptoms may even persist for months or years.
These cases should be monitored by SCAT5, an evaluation and monitoring
method specifically developed for this pathology. (Davis, G.A. et al, 2017)
(Mdénaco et al., 2018, p. 297).

This is considered a monitoring method, not a diagnostic method. Treatment
consists of resting until the symptoms disappear. Return to competition
requires the specialist's criteria, with a gradual progression of training.
Simultaneous psychological treatmentis sometimesindicated (Ledoux et al.,
2017). The first intervention is carried out on the playing field and —in the
case of the slightest suspicion — the player must be removed from the field
and all physical activity suspended for a minimum of 24 hours, until the
symptoms are resolved or a specialist has made an assessment. This is
recommended in order to avoid the second impact syndrome, which is
caused by the transient interruption of cerebral blood flow and its possible
consequences. A Pocket Concussion Recognition Tool is used for this,
preferably in the player's native language (Maugans et al., 2012; Rose, Weber,
Collen, and Heyer, 2015; Nelson, Loman, LaRoche, Furger, and McCrea, 2017,
McCrory et al., 2017). This topic will be developed in another lecture.




Figure 1: Pocket Concussion Recognition Tool

Pocket CONCUSSION RECOGNITION TOOL™

To help identify concussion in children, youth and adults
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RECOGNIZE & REMOVE

Concussion should be suspected if one or more of the following wisible clues,
signs, symptoms or errars in memory questions are present.

1. Visible clues of suspected concussion

Any one or mone of iha following visual dues can indicaio a posible conoussion:

Loss of consciousness or responsiveness

Lying mationless on ground / Slow to get up

Unsteady on feet / Balance problems or falling over f Incoordination
Grabbing { Clutching of head

Dazed, blank or vacant look

Confused / Mot aware of plays or events

2. Signs and symptoms of suspected concussion
Prosenoe of any one of more of the Tollowing signs & symptoms moy suggest 3 conoussion:

- Loss of consciousness - Headache
- Seizure or convulsian - Dizziness
- Balance problems - Canfusion
= Nauiea or vomiting - Feeling dlowed down
- Drowsiness - "Pressure in head”
- Mere emotional - Blurred vision
= lritability - Sensitivity 1o light
- Sadness - Amnesia
Fatigue or low energy Feeling like “in a fog™”
= Nepvous or anxious = Neck pain
“Den't feel right™ Sensitivity 1o noise
= Difficulty remembering = Difficulty concentrating
2000 Comrmannnsts o Smnl Gacams

Source: Adapted from http://bit.ly/20KP4]1T

3. Memory function

Fallure to arswer any of these questions comectly may suggest a concussion.

“What venue are we at today?”

“Which half is it now?”™

“Who scored Last in this game?”

“What team did you play last week / gama?™
“Did your team win the fast game?”

Any athlete with a suspected concussion should be IMMEDIATELY REMOVED
FROM PLAY, and should not be returned to activity until they are assessed
medically. Athletes with a suspected concussion should not be left alone and
should not drive a motor vehicle,

It is recommended that, in all cases of suspected concussion, the player is referred to
a medical professional for diagnesis and guidance as well as return to play decisions,
even if the symptoms resclve.

RED FLAGS

If ANY of the following are reported then the player should be safely and
immediately removed from the field. If no qualified medical professional is
available, consider transporting by ambulance for urgent medical assessment:

Athlete complains of neck pain
- Increasing confusion or irritability

Deteriorating conscious state
- Severe of increasing headache

- Repeated vomiting - Unusual behaviour change
- Saizure or comvukion - Double visian
Weakiness or tingling / burning in
arms or legs
Remember:

= In all cases, the basic principles of first aid (danger, response, airway, breathing,
drculation) should be followed.

- Do not attempt to move the player (other than required for ainway support)
unless trained to so do.

- Do not remove helmet (if present) unless trained to do so.

from McCrory et. al, Comensus Statement on Concussion in Sport. Br 1 Sports Med 47 (5), 2013
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On the other hand, the relationship between excess in training volume and
intensity is one of the main causes of overuse injuries, which at this age are
more frequent than acute injuries because of the determining role of growth
(Magrini et al., 2016). These injuries are the most prevalent in children at
pediatric age (over 50%) since they mainly affect immature athletes (either
physically or emotionally). This prevalence is due to a combination of factors,
particularly during early specialization (Carter, and Micheli, 2011, Franklin,
Weiss, 2012, Gregory, Kerr, and Parsons, 2016, Magrini et al., 2016,
Mostafavifar, Best, and Myer, 2013; Myer, Lloyd, Brent, and Faigenbaum,

2013).

The most common injuries are osteochondrosis (and within
these apophysitis); also lumbagos, patellofemoral syndrome,




iliotibial band syndrome, periostitis/stress fractures and
overtraining or “burnout” syndrome, among others.

Peak height velocity (PHV) occurs concomitantly with “relative
bone weakness” and greater absolute muscle strength. These
factors, associated with a specific and repetitive athletic
motor pattern facilitate the appearance of injuries. This is why
many pathologies are sport-specific, such as Sever's disease
and Osgood-Schlatter's disease in soccer and track and field,
Little League Elbow in baseball, Distal Radial Physeal Stress
Syndrome or spondylolysis/listhesis in gymnasts, as well as
the pelvic osteochondrosis in soccer.

Apophysitis is a type of osteochondrosis in an immature
skeleton’s bone-tendon junction. It is the equivalent of
enthesitis (insertional tendinopathy) in adults. Initial
symptomatology is insidious pain or discomfort that worsens
with physical activity and decreases with rest (except in the
case of avulsion, which is a “tearing,” with symptoms
beginning suddenly). Severe cases can manifest constant pain
that affects all regular daily activities. Diagnosis is clinical and
imaging studies such as simple X-rays or nuclear magnetic
resonance are only used for the differential diagnosis if other
pathologies are suspected or to confirm an avulsion. They are
also indicated if the condition worsens or fails to improve after
one week of treatment. Musculoskeletal ultrasound is much
more sensitive and therefore better suited for these
pathologies, although it is rarely used in primary care due to
its limited availability and the proper prognosis of these
disorders. (Mdnaco et al., 2018, pp. 297-298).

Prevention consists of flexibility work before PHV, and stabilization work of
the agonist-antagonist muscles, together with training load adaptation and
periodization.

Lumbagos are frequent in the pediatric age (20-30%),
although they don’t always merit consultation. They're more
prevalent during PHV or associated with short hamstring
syndrome. Typical adolescent transient osteo-muscular
imbalance induces this pathology. As a general rule, all
lumbar pain during anterior trunk flexion indicates a
mechanical etiology or involvement of the anterior vertebral




region (e.g., herniated disc) and pain during lumbar
hyperextension is a sign of a facet syndrome. Various
conditions may be the etiological cause of the latter, but
spondylolysis (isthmic fracture) should always be ruled out in
young people. The diagnosis can be confirmed by lumbar X-
rays (lateral and bilateral oblique PA). (Mdénaco et al., 2018, p.
298).

The indicated treatment is rest or a Boston brace (MacDonald, Stuart, and
Rodenberg, 2017; Patel, and Kinsella, 2017).

Patellofemoral syndrome (PFS) is the most frequent cause of
gonalgia in adolescents. Its etiology is uncertain, but it is
characterized by an imbalance between agonist and
antagonist muscles, and a stabilizing insufficiency of the
structures adjacent to the patella. This causes a misalignment
of the patellofemoral-tibial axis, and results in excessive
friction during maximum flexion-extension movement in
areas that are not usually involved. (Mdnaco et al, 2018, p.
298).

Retro or peripatellar pain is typical and the articular cartilage is sometimes
involved (Halabchi, Mazaheri, and Seif-Barghi, 2013; Kim, et al., 2016).

This misalignment is associated with an increase in the Q
angle, which is caused by an increase the bitrochanteric
diameter and is therefore more frequent in women. It is
characterized by a sensation of joint instability (“knee failure”)
after prolonged sitting, pain when going up or down stairs,
and sometimes inflammation. The patellarjoint facet is painful
on palpation (or when it is moved) and Zohlen's sign is
positive, but not pathognomonic. Knee X-rays require specific
projections and guide the diagnosis. Treatment consists of
physiotherapy and complete physical inactivity is
contraindicated.

Iliotibial band syndrome is less frequent than the
pathologies described above (prevalent in cyclists and
runners). It is characterized by pain and increased tension on
the side of the thigh (positive Ober’s test). When this condition
is associated with weakness of the gluteus medius,




biomechanics of the gait can be altered (positive
Trendelemburg gait). Palpation of the external femoral
condyle on the flexion-extension mechanism of the knee (30-
90 degrees) assists in diagnosis, and the treatment is
physiotherapeutic.

Periostitis is the inflammation of the periosteum caused by
multiple factors, which include biomechanical aspects (e.g.,
tibia vara or pronation of the foot), sudden changes in training
intensity and/or duration, footwear or playing surface.
Although it is most frequently located in the tibia, it may be
located elsewhere, and it is sport-specific (common in long-
distance runners). The clinical symptom is diffuse, insidious
pain in 2/3 of the posteromedial tibia. It improves with rest
and worsens with physical activity. Bone pain and roughness
may be detected on palpation. Instances of periostitis can
evolve into a stress fracture, in which case sharp and focal
pain will be felt on palpation. The diagnosis is clinical and
radiological. A plain X-ray will show a thickening of the
periosteum (periostitis) and in the case of a stress fracture
there will be a solution of continuity at the cortical bone level.
In some cases, a bone gammagraphy or a nuclear magnetic
resonance (NMR) is required for confirmation of the diagnosis.
However, the NMR is more appropriate for earlier stages, and
provides information on the different grades of stress or bone
edema prior to the fracture (Monaco, et al., 2018, pp. 298-299).

Treatment consists of rest and biomechanical correction or orthosis (Cody
O'Dell et al., 2016, De Inocencio et al,, 2016, Monaco et al., 2018).

Overtraining or “burnout” syndrome occurs in 30% of
adolescent athletes. It is a response to chronic stress during
which participation or performance diminishes in an activity
that used to be enjoyable. It usually manifests itself with a loss
of physical performance over 2 months, with (severe) organic
symptoms, poor physiological adaptation to training, and a
stress response that cannot be accounted for by organic
factors. It also manifests itself with psychological or social
symptoms, which are nonspecific and are diagnosed on the
basis of a detailed medical record in order to rule out organic
causes (Table 3). Treatment consists of relative rest and
modification of precipitating factors. Recovery time depends




on the disappearance of the symptoms, which in some cases
may last weeks or months. (Ménaco et al., 2018, p. 299).
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