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Preventing injuries must be a priority to prevent disease

in the twenty-first century

Kate Dorney’, James M. Dodington?, Chris A. Rees’, Caitlin A. Farrell’, Holly R. Hanson>, Todd W. Lyons' and

Lois K. Lee@®' and the Injury Free Coalition for Kids®

Injuries continue to be the leading cause of morbidity and mortality for children, adolescents, and young adults aged 1-24 years in
industrialized countries in the twenty-first century. In this age group, injuries cause more fatalities than all other causes combined in
the United States (U.S.). Importantly, many of these injuries are preventable. Annually in the U.S. there are >9 million emergency
department visits for injuries and >16,000 deaths in children and adolescents aged 0-19 years. Among injury mechanisms, motor
vehicle crashes, firearm suicide, and firearm homicide remain the leading mechanisms of injury-related death. More recently,

poisoning has become a rapidly rising cause of both intentional and unintentional death in teenagers and young adults aged 15-24
years. For young children aged 1-5 years, water submersion injuries are the leading cause of death. Sports and home-related

injuries are important mechanisms of nonfatal injuries. Preventing injuries, which potentially cause lifelong morbidity, as well as
preventing injury deaths, must be a priority. A multi-pronged approach using legislation, advancing safety technology, improving
the built environment, anticipatory guidance by clinical providers, and education of caregivers will be necessary to decrease and

prevent injuries in the twenty-first century.

Pediatric Research (2020) 87:282-292; https://doi.org/10.1038/s41390-019-0549-7

INTRODUCTION

Injuries continue to be the leading cause of death and disability
in children and young adults aged 1-24 years in the United
States (U.S.) and other industrialized countries."? In the US,
injuries cause more deaths in children aged 1-24 years than all
other causes combined (Fig. 1).2 Injuries may not be considered a
“disease” in the traditional sense of other medical conditions.
Nonetheless, like many medical conditions, traumatic injuries
have algorithms for diagnosis and management>* Most
importantly, many injuries, unlike many medical conditions, are
preventable. As injuries are the leading cause of death and
disability in children, adolescents, and young adults, preventing
injuries must be a priority for preventing “disease” in the twenty-
first century.

The field of injury prevention employs scientific principles to
identify areas for intervention and best practice. The Haddon
matrix is one systematic approach for developing interventions.
This approach analyzes injuries by considering how the host (i.e.,
individual) is injured through the force of an agent (e.g.,, motor
vehicle, firearm, etc.) in an environment in three different phases:
pre-injury, during the injury event, and post-injury.>® Possible
types of interventions include: legislation (municipal, state,
federal), use of safety equipment (e.g., helmets, seat belts),
improvements to the built environment (e.g., improved infra-
structure with safer roadwa;ls), and education of families about
safety hazards for children.” In this review article of the most
common pediatric injuries in the U.S., we describe pediatric injury
epidemiology, best practices for prevention, and future directions
for research and prevention.

EPIDEMIOLOGY OF INJURIES IN CHILDREN

Advances in medical care have led to significant declines in death
from infectious diseases and cancer in the past several decades. In
contrast, injury-related deaths have been increasing in children
and adolescents in the US. in the past decade (Fig. 2).57'°
Annually, there are >9 million visits to U.S. emergency depart-
ments (EDs) for injuries in children and adolescents aged 0-19
years."" In 2017, unintentional injuries were the leading cause of
death for children and youth aged 1-24 years, resulting in 16,286
fatalities.? The cost of hospital-treated nonfatal injuries was
estimated to be on average $47,000-$59,000 per injury in this
age group.'” In addition to acute medical care, the costs of
rehabilitation care, long-term disability care, and work-loss costs
must be considered when calculating the costs for injuries. These
costs do not account for the unmeasurable emotional costs to the
individual and their loved ones.

Unintentional injuries

The leading causes and intents of nonfatal and fatal unintentional
injury vary by age group. For unintentional nonfatal injuries, they
include falls for children aged <9 years, “struck by/against”
another object or person for adolescents aged 10-19 years (e.g.,
sports injuries), and motor vehicle crashes (MVCs) for young adults
aged 20-24 years (Fig. 3). MVCs also continue to be the leading
cause of unintentional fatal injury for children adolescents aged
5-19 years (Fig. 4).2 Unintentional poisoning caused the over-
whelming majority of unintentional injury deaths in 2017 for
young adults aged 20-24 years. Opioids and hallucinogens
accounted for 50.3% of these poisoning deaths. Drowning is the
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Fig. 1 Top 6 leading causes of death, age 0-24 years, United States 2017.% Data abstracted from Centers for Disease Control and Prevention.
Web-based Injury Statistics Query and Reporting System. https://webappa.cdc.gov/sasweb/ncipc/leadcause.html. Accessed 26 March 2019
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Fig. 2 Death rates for children aged 10-19 years, United States 1999-2016."° Reproduced with permission from Curtin, S. Recent increased in
injury mortality among children and adolescents aged 10-19 years in the United States: 1999-2016. (2018). https://www.cdc.gov/nchs/data/
nvsr/nvsr67/nvsr67_04.pdf
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Fig. 3 Leading nonfatal injury mechanisms, age 0-24 years, United States 2017.” Data abstracted from Centers for Disease Control and
Prevention. Web-based Injury Statistics Query and Reporting System. https://webappa.cdc.gov/sasweb/ncipc/leadcause.html. Accessed 26

March 2019

leading cause of unintentional death in children aged 1-4 years.
Suffocation, fires/burns, and pedestrians struck are other sig-
nificant causes of death in the youngest children aged 1-4 years.?

Intentional injuries

Intentional injuries also continue to be a leading cause of death in
teenagers and young adults (Fig. 4).>'* In 2017, suicide was the
second leading cause of all deaths (after unintentional injuries) in
adolescents aged 10-14 years (517 deaths: 54% suffocation/
hanging, 36% firearms, 7.5% poisoning) and teenagers/young adults
aged 15-24 years (6252 deaths: 47% firearms, 37% suffocation/
hanging, 7.4% poisoning, 3.1% falls). Homicide was the third leading
cause of death for those aged 15-24 years.?

ROAD TRAFFIC INJURIES

Motor vehicle crashes

Annually in the U.S. there are >9000 deaths and >2,000,000
injuries from MVCs in children and youth aged 0-24 years. MVCs
are the leading fatal injury mechanism in youth aged 1-24 years,
causing 7814 deaths in 2017. Teenage drivers are at increased
risk for MVC injuries and deaths.' Major contributing factors to
MVC injuries and deaths include vehicle speed, alcohol impair-
ment, and distracted driving. Of these factors, speed in a MVC is
possibly the most significant factor, not only for the severity of a
crash but also the risk of crash. Studies have demonstrated
reduced speed, by either road modification or law enforcement,
can significantly reduce MVC injuries.”>™"” Overall, alcohol-
impaired driving has declined, but there remains a significant risk
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for child passengers of impaired drivers.'® Distracted driving has
emerged as one of the most significant factors in MVC injuries for
teenagers. A recent survey reported that half of U.S. high school
students aged =16 years reported texting while driving during the
past 30 days, and they were more likely to engage in additional
risky motor vehicle behaviors.'

Significant improvements in vehicle safety features, the use of
child safety restraint seats (CSRSs) and booster seats, and safety
legislation and enforcement have resulted in decreasin% injuries
and deaths from MVCs in the past several decades.?®* Vehicle
design and mandated safety features (e.g., frontal airbags
mandated in passenger cars in 1998) have saved >44,000 lives
from 1987 to 2015.%* Legislation has influenced increasing use of
CSRSs and booster seats, resulting in decreased MVC deaths.?
Since 1975, there has been a 71% reduction in MVC fatalities for
infants and a 54% reduction for children aged 1-4 years.*° For
children aged 4-7 years, the use of belt-positioning booster seats
reduces injury risk by 45% compared to seat belt use alone.?'>>%%
The most stringent Graduated Driver Licensing programs, placing
restrictions on novice adolescent drivers aged <18 years, are
associated with reductions of 38% and 40% in fatal and non-fatal
crashes, respectively, among 16-year-old drivers.'**”

Bicycle/pedestrian vs. vehicle injuries

Although there have been modest improvements in pedestrian
and bicycle vs. motor vehicle injuries in the past decade, these
mechanisms remain uniquely important for the pediatric popula-
tion.?* In 2017, fatal injuries occurred to 679 bicyclists and 6480
pedestrians, and nonfatal injuries occurred to 329,831 bicyclists
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Fig. 4 Leading fatal injury mechanisms, age 0-24 years, United States 2017.2 Data abstracted from Centers for Disease Control and Prevention.
Web-based Injury Statistics Query and Reporting System. https://webappa.cdc.gov/sasweb/ncipc/leadcause.html. Accessed 26 March 2019

and 193,866 pedestrians aged 0-24 years.> Recent studies have
shown reductions in pedestrian vs. motor vehicle injuries by: (1)
reducing vehicle speeds; (2) physically separating pedestrians
from vehicles (e.g., crossing cycle timing where all traffic stops to
allow pedestrians to cross in any direction); and (3) increasing
pedestrian Vvisibility, especially in parking areas, which can be
associated with significant risk for children.?® These changes to the
built environment, defined as the human-made space in which
people live, work, and recreate daily, are especially important for
improving safety for children.?

Reduction in bicyclist vs. motor vehicle injuries have historically
involved promoting helmet wearing and changes to the built
environment to improve rider safety. Helmets decrease facial and
head injuries for bicyclists, and state legislation requiring bicycle
helmets for children has been associated with significant
reductions in fatalities.>®? Changes to the built environment,
including intersection design and street width, with physically
separated bicycling lanes, also mitigate the level of severity of a
bicycle vs. motor vehicle injury.3*3*

Strategies for preventing motor vehicle injuries in the twenty-first
century

In 2018, the American Academy of Pediatrics (AAP) updated its best
practice recommendations to set the standard for child passenger
safety for U.S. children aged 0-13 years. They stated children should
be secured in: (1) rear-facing CSRSs as long as possible; (2) forward-
facing car safety seats through age at least 4 years for most children;
(3) belt-positioning booster seats from the time they outgrow
forward-facing seats through age at least 8 years; and (4) lap and
shoulder seat belts for all who have outgrown booster seats.® In
addition, a fifth evidence-based recommendation is for children
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aged <13 years to ride in the vehicle rear seats?® Owing to
variations in state laws, there is no uniform enactment or
enforcement of these recommendations,>?> which if implemented
and enforced in the future, would likely have a significant impact on
reducing morbidity and mortality for children involved in MVCs.

Ongoing modifications to the built environment and promoting
motor vehicle safety legislation to address emerging threats (e.g.,
autonomous vehicles, impaired driving from marijuana) will be
important in preventing fatal and nonfatal injuries from MVCs, as
well as pedestrian/bicyclists vs. motor vehicle collisions.*®
Although legislative efforts such as texting bans have been
effective in some studies, further research on legislation and
technology-assisted mechanisms for reducing distracted driving
are clearly needed.” Standardization of state child passenger
safety laws will make future research on their efficacy easier to
interpret and policy directions clearer.>>* For bicyclists and
pedestrians, research and implementation of interventions to
improve the built environment, paired with legislative efforts to
require bicycle helmet use,*® will be necessary to decrease these
injuries.®

FIREARM INJURIES

In the U.S., 87 people are killed by firearms daily, equating to one
firearm fatality every 17 min.*® Approximately 1300 youth aged
0-17 years die from firearms annually.*’ From 1999 to 2017,
>27,000 youth aged 0-17 years were killed by firearms.? Globally,
90% of firearm deaths to children aged <15 years occur in the
U.S.*? Youth firearm homicide is 36 times more likely to occur in
the U.S. compared to other high-income countries.** From 2013 to
2016 in the US., there was a 28% increase in firearm deaths for
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children aged 1-19 years, with firearm homicide increasing by
32% and firearm suicide increasing by 28%.°

The intent of firearm death varies by age group (Fig. 5). Firearm
suicide is the third leading cause of death in youth aged 10-14,
15-19, and 20-24 years.? Unintentional firearm injuries and deaths
among children aged <5 years have also been increasing, with
fatality rates doubling in this age group between 2006 and 2016.2
Although there has been increased attention to firearm violence in
the context of multiple mass shootings, the majority of firearm
deaths in children are not from mass shootings.**

In addition to fatalities, >20,000 children are treated in EDs, and
7000 children are hospitalized annually from firearm injuries in the
U.5.2* Most firearm deaths in children occur in the home.*® They
often occur when children are playing with guns and less often
when firearms are mistaken for toys or dropped unintentionally.*'#
This is important to understand as an estimated 22 million U.S.
children live in households where firearms are kept.*®

Strategies for preventing firearm injuries in the twenty-first
century

Firearm-related injuries and deaths are a public health crisis,*® and
strategies for preventing these injuries are essential. Legislation is
one strategy, and there are >300 U.S. federal laws regulating the
sales, possession, and various aspects of the handling and storage
of firearms. Individual state laws allow for significant variation in
the implementation of these federal laws.>® In general, stronger
firearm laws are associated with decreased firearm deaths.>'>?
Reviews of firearm legislation have concluded that legislation
associated with decreased firearm fatalities include universal
background checks prior to the purchase of firearms and
ammunition as well as permits to purchase firearms.>' >3
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Some states have enacted child access protection (CAP) laws
legislating safe firearm storage practices for firearm owners with
children. These laws hold owners criminally liable for children’s
unsupervised use of firearms and have been shown to improve
firearm storage behaviors.>* They are associated with decreased
youth firearm injury and death only in states with stringent
penalties when a child accesses a firearm.>>=>” CAP laws have also
been associated with reduced youth suicide rates.>®

In addition to legislation, another important strategy to consider
for the twenty-first century is the development of “smart gun
technology,” consisting of firearms that can only be operated by
an authorized user. This user can be identified through
fingerprints or through the use of a device (e.g., watch) that,
when worn, enables the firearm to be discharged.”® Though
implicitly promising, the effect of smart gun technology on
firearm-related injuries and deaths has yet to be studied. One
study of 117 unintentional firearm-related deaths estimated that
as many as 37% of these deaths could have been prevented with
the use of smart gun technology.®°

Counseling on firearms during primary care provider visits is
another important strategy to potentially reduce firearm-related
injuries among children. Pediatricians are trained in providing
anticipatory guidance for a variety of health behaviors, and the AAP
recommends providers address firearm injury prevention.”¢"%?
Counseling parents on firearm safety has been demonstrated
to increase safe firearm storage.®®> Nonetheless, most physicians
do not routinely counsel patients on firearm safety.5%5°
Although the majority of surveyed parents believe physicians
should ask about firearms in the home, they are infrequently
asked.®*%® Future studies focusing on the barriers and facilitators of
firearm injury prevention counseling for patients and families will
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be important to improve counseling and decrease firearm injuries
to children.

DROWNING (WATER SUBMERSION) INJURIES

Drowning is the leading cause of injury death in young children
aged 0-4 years,? resulting in approximately 2-3 deaths daily. More
children aged 1-4 years die from drowning than any other cause
except congenital anomalies.’” The incidence peaks in children
aged 0-4 years and adolescents aged 15-19 years, with highest
rates in the summer and on weekends.®® The primary location of
drownings vary by age: bathtub or bucket for infants, swimming
pools for young children, and natural bodies of water (e.g., lake,
ocean) for adolescents.5%%°

Males drown (2.0/100,000 persons) at higher rates than females
(0.8/100,000 persons).®” Other demographic risk factors for
drowning include younger age, epilepsy, low income, poor
education, and living in a rural location.°®7? Racial disparities
exist among drowning victims with drowning rates twice as high
in American Indian/Alaskan Native children and 1.4 times as high
in black children compared to white children.”’

Pediatric providers must recognize the public health burden of
drowning and include water safety and drowning prevention in
their routine anticipatory guidance.®®%® It is estimated 85% of
drownings could be prevented with adequate supervision, public
education, and swimming instruction.®”%”® Supervision is best
performed by a vigilant caregiver using “touch supervision” when
he/she is within arm’s reach of the child in a body of water (e.g.,
swimming pool).®

Strategies for preventing drowning injuries in the twenty-first
century

For pediatric drowning prevention the AAP recommends: (1)
enhanced adult supervision when children are in or near water
(including bathtubs, pools, lakes); (2) installation of four-sided pool
fences; (3) swimming and water safety lessons for adults and
children; (4) parental knowledge of cardiopulmonary resuscitation;
(5) personal floatation device (PFD) use on watercraft; and (6)
supporting legislation for pool fences and PFD use.®® A four-sided,
self-closing, and self-latching pool fence is the most studied and
effective prevention strategy to prevent young children from
unintentionally accessing a swimming pool and drowning.5¥7*
Legislation for pool fence use and inspection with enforcement is
effective in decreasing pediatric drownings.®®”*7> Basic swimming
and water safety lessons decrease drowning death,’®”” but
parents must also understand swimming lessons cannot “drown
proof” a child or replace supervision.

HOME-RELATED INJURIES

For the youngest children, age <5 years, the majority of
unintentional injuries occur in the home.® An important
mechanism of injury-related death for infants is sudden
unexplained infant death, which includes sudden infant death
syndrome, accidental suffocation and strangulation in bed, and
sudden unexpected postnatal collapse.”® In children aged 1-5
years, the leading causes of home-related injuries are falls (e.g.,
off furniture, down stairs),2°®? thermal injuries (e.g., burns,
scalds), poisoning and foreign body ingestion, and submersion/
drowning.”®®® Thermal injuries include fire-related burns and hot
water scalds from overly heated bath water or hot liquids (e.g.,
tea, coffee).®*®° Button batteries and magnets are other potential
home hazards.25%” Children in families of lower socio-economic
status are at higher risk for home injuries®*®® In addition, one
study found children in high-income families (>$100,000 annual
income) were also associated with a higher number of hazards in
the home compared to middle income ($30,000-< $100,000
annual) families.
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Strategies for preventing home-related injuries in the twenty-first
century

Safety equipment and home safety intervention programs can be
effective in decreasing home-related injuries (Table 1).7889-"
These programs educate parents and caregivers who may not
always be aware of potential injury hazards to children in the
home or the safety equipment is available to prevent these
injuries. Home safety programs are most commonly provided as
face-to-face education programs in the home, often with the
provision of home safety equipment’® The cost of safety
equipment or the inability to modify one’s home (e.g. rental
home) are barriers to equipment use A Cochrane review
including 54 studies (812,715 individuals) concluded that home-
based prevention programs decreased home injury rates com-
pared to those not participating in these programs. The Cochrane
review reported home safety interventions were effective for: (1)
increasing homes with safe water temperature; (2) having a
working smoke alarm; (3) having a fire escape plan; (4) having a
fitted stair gate; and (5) having socket covers over unused
electrical sockets.”® Ultimately, a multi-faceted approach is needed
to prevent home injuries to young children. In addition to home
safety programs, legislation is another important strategy.
Legislation has been effective in decreasing window falls when
mandating window guards on a structure with a second floor or
higher.®? The 2014 U.S. Consumer Product Safety Commission
regulatory ban of magnet set sales effectively decreased magnet
ingestions among young children. In 2016, this ban was partially
repealed; thus ongoing prevention efforts must continue.%%’
Anticipatory guidance for families about home hazards, the

Table 1. Home injury hazards and safety equipment
Hazard Injury Equipment
Window falls Head injury Window guards

Cervical spine injury
Soft tissue/skin injury

Fractures
Stair falls Head injury Stair gates
Cervical spine injury
Soft tissue/skin injury
Fractures
Home fire Burns Smoke alarm, child resistant
Inhalation injury lighter, fire-retardant
materials for bedding and
sleepwear
Scalds Scalds Bathtub water

temperature gauge

Electrical injury Electrical burn Electrical outlet cover

from socket

Medication Poisoning Medical lock boxes
poisoning
Household Poisoning Cabinet latches
cleaner
poisoning
Toilet bowl Drowning Toilet lock
drowning
Fall from bed Head injury Bed rails
Cervical spine injury
Soft tissue/skin injury
Fractures
Furniture Lacerations Table covers, furniture wall
Soft tissue injury straps for furniture (e.g.,
Head injury dressers)
Extremity injury
Firearms Penetrating injury Firearm safes, firearm

trigger locks
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importance of supervision, and the effectiveness of safety is also
important to decrease home-related injuries.”®®

POISONING INJURIES
Poisonings are the sixth leading cause of death in children of all
ages® and the second leading cause of unintentional death in those
aged 15-24 years.” In those aged 15-24 years, poisonings are also
the third leading cause of suicide, accounting for 463 deaths in
20172 Medication overdoses have exceeded household products
as the leading culprit”® The US. legislative landscape has been
changing regarding opioid prescribing and substances like cannabis.
State legislation in 2019 allows legalized cannabis use in 34 states.”
This has indirectly affected pediatric patients and demands a shift in
our prevention efforts’*®> Between 2006 and 2013, pediatric
cannabis exposure rose 148% overall and 610% in states allowing
medical cannabis.”®?” Additionally, opioid toxicity in children aged
<5 years is now responsible for more hospitalizations annually than
any other oral prescription drug.”®

Unintentional ingestions are common, sending 1 out of every
150 2-year-old children to the ED annually.*° Owing to high
availability, single ingredient, pediatric liquid products (e.g.,
acetaminophen, diphenhydramine) continue to be associated
with high rates of these ingestions, despite prevention
efforts.”®'%° Household products (e.g., bleach, detergents) also
continue to cause unintentional ingestions.® After the introduc-
tion of laundry detergent pod packs, detergent ingestions
increased 50% in 2013 compared to 2012, and they are now a
focus of injury prevention efforts.'®'~"%3

In addition to continued pediatric poisonings from household
products and pediatric over the counter (OTC) medications, the
opioid epidemic has added complexity. Pediatric opioid ingestions
have risen dramatically, with a nearly twofold increase in
hospitalizations between 1997 and 2012 and a nearly threefold
increase in mortality between 1999 and 2016.%>'%*'% Approxi-
mately 60% of ingestions occur in children aged <5 years;
however, adolescents represent a higher number of intentional
ingestions and experience higher morbidity and mortality. The
highest rates of pediatric opioid exposure occur in homes with
non-Hispanic whites, older adults, and a higher proportion of
adults. Methadone and buprenorphine overdoses have become
prevalent as opioid-dependence programs have expanded.'®

The Poison Prevention Packaging Act of 1970, mandating child-
resistant packaging (CRP), resulted in significant declines in
pediatric poisoning deaths.'®® Despite these results, ED visits
and calls to poison control centers continue to increase in
children.®®°" Recognizing the limitations of CRP (i.e., reliance on
caregivers to completely/correctly replace the cap each time) and
the continued burden of pediatric poisoning, the CDC created a
public-private initiative, Preventing Overdoses and Treatment
Exposures Task Force (PROTECT) in 2008. PROTECT has focused on
improving drug packaging, medication error prevention, and
public education through the creation of the “Up and Away”
campaign to educate caregivers to store medications safely.”®

Strategies for preventing poisoning in the twenty-first century
Innovative packaging techniques, such as flow-restrictors (i.e.,
adaptors limiting the flow of liquid medication out of the bottle)
and unit-dose packaging (UDP), have demonstrated promise
in poisoning prevention. UDP limits access to large doses of
hazardous tablet/capsule medications by packaging each dose
separately. Flow-restrictors added to OTC acetaminophen
suspension bottles in 2011 have limited the volume of
medication toddlers can ingest.”>'°” Buprenorphine-naloxone
film, packaged in UDP since 2010, has resulted in lower exposure
rates compared to other combination opioid formulations.'®®
Since 2013, UDP packing is used for 80% of combination
buprenorphine products.'®®

SPRINGERNATURE

A renewed sense of urgency to prevent poisonings in children
has gained response from the Food and Drug Administration,
CDC, and the National Academy of Medicine.'®® While flow-
restrictors, UDP, and other packaging techniques have been
successful in reducing poisonings, these strategies deter access
but do not eliminate it. Continued expansion of abuse-deterrent
opioid formulations, new non-opioid options for pain, and wide-
spread dispersion of reversal agents are imperative.'® In addition,
as suicide is increasing in all age groups,” there is a dire need for
expansion of pediatric mental health services and provider
anticipatory guidance during well-child visits to include discussion
of means restriction of medications to prevent intentional
overdoses. Policy-makers, clinicians, and public health advocates
must refocus educational efforts, continue innovation in drug
packaging, and respond to the opioid crisis, with a lens focused on
decreasing poisoning injuries in children.

SPORTS INJURIES

Nearly 47 million children in the U.S. play team sports annually.
While the benefits of sports participation have been well
documented,''>""? participation is not without risk. An estimated
5.6 million sports-related injuries occur yearly among those aged
5-24 years, with rates varying by sport (Fig. 6).""*""” This includes
3.2 million injuries in children aged 5-14 years, the age group with
the highest rate (77/100,000 persons)."'® Sports injuries are
responsible for 1.35 million ED visits (nearly 20% of all injury-
related visits) annually and are one of the leading cause of ED visits
for children aged 12-17 years>''® The most common injuries
include: strains/sprains (40.3%), contusions (9.2%), fractures (8.9%),
and concussions (24.4%).""> Overuse injuries account for nearly 50%
of sports injuries and may be rising due to increases in sport
specialization.''>'?° Catastrophic injuries resulting in death or
permanent disability are rare [18 deaths in 2016-2017 (0.023/
100,000 participants)].'*" Driven by concern over the long-term risk
of chronic traumatic encephalopathy, concussion has drawn
significant research and media attention,'?? leading to increases in
ED visits for sports-related concussion.'’""

110,111

Strategies for preventing sports injuries in the twenty-first century
Important components to decrease youth sports injuries include
player, parent, and coach education'?*'?%; changes in sport-
specific techniques'?; and access to certified athletic trainers.'®
In addition, protective equipment for the athletes, including
helmets/head protection, eye protection, and mouth guards,
reduce sports injuries. In football, helmets have reduced the risk of
skull fractures, intracranial hemorrhages, and head injury-
associated fatalities.'?” While no helmet can prevent concussion/
brain injury,'?® recent data suggest newer helmet technology has
the potential to reduce the risk."**'3° Other examples of
equipment-preventing injuries include: eye protection for ocular
injuries in lacrosse,’*' ice hockey,'** and field hockey'33'34,
headgear for auricular hematomas in wrestling'>; mouth guards
for dental trauma in multiple sports'*®; and helmets for head
injuries in skiing/snowboarding."*’

Perhaps the greatest impact on reducing sports injuries has
been rule changes, which have decreased injuries in multiple
sports.'*®7'%0 In football, rules penalizing hitting with the head are
associated with decreased quadriplegic spine injuries.'*' Rules
implemented in football, including moving the location of kickoffs
and limiting player full-contact practice time, have shown
potential in reducing concussions.'*®'*? In youth, ice hockey
high-sticking rules, increased penalties for illegal hits, and
eliminating checking have also reduced injuries.">*'** In baseball,
limiting the number of pitches thrown by youth has decreased the
subsequent risk of elbow surgery.'**

The future of preventing sports injuries will need to focus on
prospective data collection, empiric studies of interventions/
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Fig. 6 Rates of high school sports-related injuries by sport and setting. Adapted with data from: Comstock, R. D., Currie, D. W. & Peirpoint, L. A.
National High School Sports-Related Injury Surveillance Study: 2016-2017 School Year.''”

equipment, and a central body to oversee this work. Accurate,
prospectively collected data at all levels of participation are
needed to inform and evaluate injury prevention strategies.''>*°
While clustered, randomized control trials should remain the gold
standard,'® researchers can leverage natural experiments to
assess the effectiveness of interventions.'*®'** Finally, a multi-
disciplinary, central body for reviewing sports injuries, including
the evaluation of prevention strategies, and analyzing data are
needed.' It is vital that sports injury prevention be data driven,
as even the most well-intentioned interventions can have
potentially unforeseen consequences.'’

CONCLUSIONS
Advances in injury prevention over the past several decades have
resulted in decreased rates of fatal and nonfatal pediatric injuries
in the U.S. Effective motor vehicle safety regulations and
legislation, improvements in the built environment, enhanced
safety equipment for the individual (e.g., helmets), and the
environment (e.g, pool fences, child resistant packaging) all
working in conjunction have been critical for successful injury
prevention. Despite these advances, injuries continue to be the
leading cause of death and disability for those aged 0-24 years in
the U.S, now with increasing deaths from opioid overdoses, MVCs,
and firearms>%~"°

To be successful in preventing pediatric injuries in the twenty-
first century, a multi-pronged approach will be necessary to
address current as well as future threats, including autonomous
vehicles®® and the changing landscape of legal and illegal
substance use.”>®” For motor vehicles, this includes legislation
and technological advances to address distracted driving.
Stronger legislation for universal background checks, permits to
purchase firearms, child access prevention, and preventing firearm
possession by those at risk for harming themselves or others must
be considered more broadly to decrease firearm injuries.>~>3%
For preventing poisoning, effective packaging to decrease the unit
dose ingested as well as strategies to combat the increasing
opioid epidemic will be necessary.”>'%"~1% promoting the use of
safety equipment to prevent drowning, home-related, and sports
injuries are important for decreasing these injuries. For all
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mechanisms of injury, pediatric providers can provide important
and effective anticipatory guidance to families about injury
prevention.”%%"

Critical to advancing pediatric injury prevention in the twenty-
first century is the conduct of high-quality research in the
effectiveness of interventions, including for firearm injuries.
Despite extant evidence for effective legislation reducing firearm
injuries and deaths, the Dickey amendment, a U.S. federal law,
prohibited CDC funding to be used to promote gun control. This
was reinterpreted in a 2018 Congressional spending bill stating
the CDC can fund gun violence research; however, gun violence
research funding is still limited.'*® In addition to gun violence
research, supporting funding for future research evaluating the
effectiveness of safety equipment and programs to promote their
use will be required to decrease intentional and unintentional
injuries.

Injuries are associated with high costs to individuals and to
society in the forms of acute medical care, rehabilitative care,
work-loss costs, and years of potential life lost,'> which does not
account for the unmeasurable emotional costs to their families
and loved ones. Effective interventions must be implemented and
studied to decrease injuries in children, teenagers, and young
adults. As injuries continue to be the leading cause of death and
disability to our children, preventing injuries must be a priority for
the twenty-first century.
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