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Abstract: Distance running is a popular youth sport. This systematic review identified and examined
the effects of youth distance running and lower extremity musculoskeletal injury. Scientific databases
were searched from database inception to May 2020. Two hundred and fifty-eight full texts were
screened, with nine articles retained for data extraction. Seven of the studies were case reports or
case series. Two case reports involved an apophyseal hip fracture. No correlation was found between
running mileage or gender and sustaining an injury. Middle school runners reported fewer injuries
than high school runners. Cross country accounted for less than 10% of injuries in youth under
15 compared to other track activities. The main finding was a paucity of research. Available literature
suggests youth can participate in distance running with minimal adverse effects. One exception may
be increased vulnerability to growth plate injury. Additional research is needed, especially in those
under 10, as literature in this population is nonexistent.

Keywords: cross country; distance running; youth; adolescent; lower extremity injury

1. Introduction

Distance running has become increasingly popular among youth athletes over the
past decade. In 2007, an estimated 12 million children between ages 6 and 17 participated
in running [1]. Distance running was the most common and second most common physical
activity among girls and boys ages 12 to 15, respectively [2]. The participation of youth
runners in long distance events has also progressed, with reports of youth marathon
finishers as young as 7 years old [3] and 100-km ultramarathon finishers as young as
12 years old [4]. The increase of distance running can result in a surge of youth injuries, as
one study demonstrated a 34% increase in running-related injury incidence in children six
to 18 presenting to U.S. emergency departments from 1994 to 2007 [2].

Distance running-related injuries in the adult [5-8] and high school [9-12] populations
are well researched, as opposed to injuries in youth runners, which led us to focus only on
the middle school and younger population. Skeletally immature runners are different than
adult counterparts as they may be more vulnerable to injuries involving the physis and
muscular-tendon attachment sites [1,13]. Although there is insufficient evidence on the
effects of youth distance running, runners younger than 15 have completed marathons with
few adverse outcomes. From 1982 to 2007, 310 youth runners, ages seven to 17, finished the
Twin Cities Marathon with less injury incidence than adult finishers [3]. Youth runners had
a medical encounter incidence of 12.9 of 1000 finishers, compared to 24.6 of 1000 finishers
in adults [3]. Of the 310 youth runners, only four (1.29%) required medical attention, all
mild in severity, and required no intervention besides a short period of rest [3]. Those
four athletes were between the ages of 16-17 and no runners younger than 15 required
medical assistance. Likewise, the Students Run LA Program, from 1989-2018, had more
than 63,000 youth runners, as young as 12 years old, complete a marathon with no reports
of adverse outcomes [14]. However, a study of 225,344 children (ages 6-18) who presented
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to U.S. emergency departments showed that the highest injury rate (45.8 per 100,000 US
population) was in runners between ages 12 and 14 [2].

Controversy exists whether distance running is safe for youth runners. The first
statement on risks in distance running for youth was published in 1982 by the American
Academy of Pediatrics (AAP), which disapproved long-distance running events for chil-
dren prior to physical maturation [15]. The International Amateur Athletic Federation of
England guidelines stated that intense training in children can cause physeal damage and
unnecessary psychological stress [16]. The AAP statement was updated in 1990, recom-
mending that until further data are available on the relative risk of endurance running,
if children enjoy the activity and are asymptomatic, there is no reason to preclude them
from training for and participating in endurance running events [17]. The latest updates,
although based on expert opinion, recommend accounting for the maturity level of the
runner [14]. Self-motivated youth runners should complete a supervised training program,
remain pain and injury free, meet appropriate weight and height gains, and maintain
adequate sleep and nutritional needs for the demands of a growing body [14].

To the best of our knowledge, there has been no systematic review to date published
that has investigated the effects of distance running for those under the age of 15 and
lower extremity musculoskeletal injury. Therefore, the purpose of this systematic review
was to identify and examine all of the available literature specific to lower extremity
musculoskeletal injuries in youth runners under the age of 15.

2. Methods
2.1. Data Sources and Searches

We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. The study was registered in PROSPERO; registration number
CRD42019136428. The search was conducted by a medical librarian in MEDLINE (via
PubMed), EMBAGSE (via Elsevier), and Scopus (via Elsevier) using both keywords and sub-
ject headings representing distance running, running injuries, and the pediatric population.
Editorials, commentaries, and animal studies were excluded. The search covered the time
frame from database inception through 7 May 2020. Reproducible search strategies can be
found in the Appendix A.

2.2. Subjects

Studies were eligible for inclusion if the following criteria were met: (1) participants
were under 15 years of age, (2) the distance reported was at least 800 m, and (3) the athlete
sustained an injury to the lower extremity from running. The exclusion criteria included:
(1) sports that were not strictly running (i.e., soccer), and (2) study design that was an
editorial, review article, conference report, or letter to the editors.

2.3. Operational Definitions

Distance running: Our operational definition for distance running was either described
as cross country or a minimum of 800 m if the distance was specified. We chose 800 m as
the minimum distance to be included in this review as this has been considered a distance
when the body transitions from anaerobic to aerobic system utilization [18]. Furthermore,
we wanted to include a distance that would be sensitive enough to yield the highest number
of studies.

Youth running: Our operational definition of youth running was population under
15 years of age. Our focus was to maximize the potential to include runners of middle
school age or younger and to exclude high school runners.

2.4. Study Selection

Results from our search strategy were uploaded into Covidence (Veritas Health In-
novation; www.covidence.org), a systematic review software. Duplicate citations were
automatically identified and removed by Covidence. Two reviewers (TP, RM) indepen-
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dently screened references by title and abstract. A third independent reviewer (CF) settled
any disputes between reviewers.

2.5. Data Extraction

Two independent reviewers (TP, RM) extracted the data from the included studies.
The data extracted included the study design, participant demographics, total running
mileage, and type of lower extremity injury sustained.

2.6. Quality Assessment

Risk of bias was assessed using the Modified Downs and Black checklist [19] for
non-case reports. The 26-item checklist consists of four subscales with the categories of
reporting, external validity, internal validity (bias), and internal validity (confounding
selection bias). Two reviewers (CF and YW) completed the checklist independently. A third
reviewer (TP) settled disagreements between the two reviewers.

3. Results
3.1. Study Selection

The search strategy (Appendix A) resulted in 4384 articles. After duplicates were
removed, there were a total of 2176 articles. Upon completion of the title and abstract
screening, 258 articles were retained for full text screening. After full-text screening, eight
articles were retained for data extraction. One additional article [20] was later identified
through a hand search resulting in a total of nine articles that met eligibility criteria and
were included in the qualitative analysis (Figure 1).
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Figure 1. PRISMA Flow Diagram.

3.2. Study Characteristics

Two of the nine articles included were cohort studies: a retrospective descriptive
epidemiological study and an observational prospective cohort study. Table 1 includes
data extracted from those two studies. Seven of the nine included articles were case reports
or case series. Data extracted from those articles are included in Table 2.
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Table 1. Quantitative Study Characteristics.

Author, Year, Design (Sanlla(p?l[::u;iiir:l;ge) Running Exposure Outcome DOI;\;ISIIS( 21;(113 il:ck
Cohort Studies
Injury sites across all runners
Knee (33%)
Lower leg (19%)
28-week marathon training program Foot (14%)
3 weekday training runs Ankle (13%)
1 long weekend run Thigh (6%)
Goldman et al., 2020 720 MS participants (7th and 8th ~ Began with 2-mile runs and increased to a Hip (6%)
Observational Prospective graders) in SRLA marathon maximum 20-mile run prior to marathon 102 reported MS injuries 15
Cohort Study training program Week 5: 5K HS runners more likely to report an injury than MS
Week 14: half-marathon runners (p < 0.001)
Week 9 and 17-20: school holiday closures ~ 20.8% of HS runners reported injuries versus 14.2% of MS
Mean distance per week: 9.87-22.82 m runners (p < 0.001)
MS runners who sustained an injury ran significantly
greater distance on average per week than non-injured MS
runners (14.1 mi vs. 11.5 mi, p < 0.001)
10-12 year-olds:
National Estimates * Estimated 1234 (4.9%) ?njuries
Reid et al., 2012 Age 10-12: 25,243 injuries Eeti 131 yearolds:
Retrospective (95% CI: 20,125-30,362) Cross country events stlm'at.ed 4964 (9.3%) injuries 17
P . y Most frequently injured body part across all runners:
Epidemiological Study Age 13-14: 53,504 injuries d y yP

(95% CI: 43,286-63,722)

Lower extremities (58.2%)
Upper extremities (19.0%)
Trunk (13.8%)

MS: Middle School; SRLA: Students Run Los Angeles; HS: High School * N was national estimates based on weighted data for 4496 actual cases from the National Electronic Injury Surveillance System of the US
Consumer Product Safety Commission.
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Table 2. Case Report Characteristics.

Author, Year

Population

Running Exposure

Symptoms

Outcome

Case Reports

Clancy et al., 1976

1 out of the 13 cases
reported was a
14-year-old male
cross-country runner

Cross country running

One-month history of gradual onset of pain around
right anterior iliac crest
Experienced pain when running and coughing
or sneezing

Fracture separation of the anterior portion of right
anterior iliac apophysis
Localized tenderness over right anterior iliac crest.
This pain was reproduced with resisted abduction of
affected hip.
Complete relief of symptoms and full return to
running after four weeks of rest

Daffner et al., 1982

1 of the 4 cases reported
was an 11-year-old
male runner

Running 2-3 m per day

One-month history of pain and localized swelling in
the proximal right tibia
Pain with direct pressure to proximal tibia, running
and walking

Right tibial stress fracture
Mild swelling over proximal medial tibia 8 cm distal to
joint line and radiograph confirmed circumferential
area of periosteal new bone, thickened posteriorly
Discharged on minimal activity and improved rapidly

14-year-old female

Running 20 to 30 miles per
week including up and

Bilateral hip pain localized to ASIS, anterior thigh and
low back. Pain was greater on the left. Hill running
seemed to exacerbate her pain more than any
other activity.

Bilateral avulsion fractures of the pelvis apophyses
Apophyseal separation fracture of the left anterior
superior iliac crest
Seven months after returning to activity following left

Dull, 2000 competitive down hill running Initially tried conservative treatment and returned to a apophyseal sepalTatlon frac.ture, exp.erle.n.ced avulsion
cross-country athlete . . - . . fracture to right anterior superior iliac crest
exercises moderate running regimen, five days later pain . - -

. 0 . . L Training was ceased for a short period of time, and she

intensified with sharp grabbing sensations in the . . 1

. : . returned to a successful running regimen within
anterior thigh and pelvis
12 weeks
Two-month history of increasing pain and swelling of
right knee

. o One-month prior to presentation experienced Symptomatic dorsal defect of the right patella

13-year-old female Running, placed first in her sensation of the knee giving way while trying to Excisional biopsy was performed. Four months after
Gamble, 1986 Y age bracket in a 10 km race ’

competitive athlete

prior to onset of symptoms

accelerate while running
Tender to palpation of patella and discomfort with
patellar compression and maximal
quadriceps contraction

surgery, she had full range of motion and
no symptoms.
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Table 2. Cont.

Author, Year Population Running Exposure Symptoms Outcome
Case Reports
Adductor insertion avulsion syndrome
CT: presence of periosteal reaction and intracortical
linear hypoattenuation and showed no fracture line
. . . o MRI: periosteal, cortical, and intramedullary signal
One-month history of progressively worsening pain in . . o
14-year-old male . . . intensity abnormalities
L Running more than medial aspect of the left thigh e . . . .
Nishio et al., 2012 member of track . . . . . Treated with initial avoidance of weight bearing using
. 10 km daily Pain was initially experienced only after running but . .
athletics club . . . 2. crutches for ambulation, followed by progressive
progressed to also occur with weightbearing activities . .
weight bearing for two weeks. Symptoms resolved
completely seven weeks after initial evaluation and he
had normal gait without pain. At three months
returned to gradual running program.
Bilateral supracondylar stress fracture
l4-vear-old male Cross country training, Three to four weeks into training developed pain in Decreased activity to pain-free levels with
Ross et al., 2008 Y began training 2 months left distal thigh. Soon after also began to experience acetaminophen for pain. At one-month follow-up he

cross-country runner

prior to presentation

right thigh pain.

was pain free and allowed to gradually return
to running.

12-year-old male
member of a track
athletics club

Sakamoto et al.,
2008

Running more than 5 km
a day

Seven-week history of discomfort in distal left thigh
when running
Symptoms were gradually worsening, with discomfort
increasing to pain four weeks prior to presentation
Tenderness over distal thigh and increased pain with
weightbearing

Pathological insufficiency fracture associated with
nonossifying fibroma in the distal femur
CT: showed radiolucent cortical lesion seen on plain
radiographs as a well-defined area of decreased
density in the cortex, consistent with a diagnosis of
NOF, with periosteal new bone
Initial avoidance of weightbearing using two crutches
for ambulation, followed by progressive weightbearing
over five weeks. Three months after onset, he had
normal gait without pain and returned to running.

ASIS: anterior superior iliac spine; Km: kilometers; CT: computed tomography; MRI: magnetic resonance imaging; NOF: nonossifying fibroma.
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3.2.1. Cohort Studies

The retrospective descriptive epidemiological study by Reid et al. gathered data from
the National Electronic Injury Surveillance System (NEISS) of the US Consumer Product
Safety Commission [21]. The study focused on runners aged 10 to 18 participating in
various track activities and events from 1991 to 2008 [21]. The study reported an estimated
25,237 injuries in the 10 to 12 year old age group and 53,498 in the 13 to 14 year old age
group [21]. Injuries that occurred as a result of participation in cross country accounted
for 4.9% of the track-related injuries in the 10-12 age group and 9.3% of the injuries in the
13-14 age group [21].

The prospective study by Goldman et al. had a sample of 1927 students from 50 high
schools and 34 middle schools that participated in the 2017-2018 Students Run Los Angeles
(SRLA) Marathon Training Program [20]. There were a total of 720 seventh and eighth
grade middle school participants and 102 of the 720 reported an injury [20]. Middle school
runners were less likely to report an injury than high school runners (14.2% vs. 20.8%,
p < 0.001) [20]. Middle school runners who sustained an injury over the training program
ran significantly greater distance on average per week than non-injured runners (14.1 miles
vs. 12.0 miles, p < 0.001) [20]. The most commonly reported injury site was the knee,
followed by the lower leg, foot, ankle, thigh, and hip [20].

3.2.2. Case Reports and Case Series

The ages in the seven case reports and case series ranged from 11 to 14. Four out of
the seven runners were 14-year-olds. The cases reports and case series consisted of five
males and two females. Training distances were up to more than 10 km per day [22]. All
of the cases reported overuse injuries and symptoms persisted for an extended period
of time prior to seeking medical care. There were three femoral injuries [22-24], two hip
injuries [25,26], one tibial injury [27], and one patellar injury [28].

The femoral injuries included adductor insertion avulsion syndrome [22], bilateral
supracondylar stress fractures [23], and a pathologic fracture [24]. Two of the three athletes
(67%) that experienced femoral injuries [22,24] identified as members of a track athletics
club. Both of the hip injuries [25,26] were apophyseal fractures and occurred in 14-year-old
runners. The tibial injury was a stress fracture in an 11-year-old runner [27] and the patellar
injury was a dorsal defect in a 13-year-old competitive runner [28]. For more details on the
specific injuries, please refer to Table 2.

3.3. Risk of Bias

The last column of Table 1 summarizes the results of the risk of bias assessment using
the Modified Downs and Black Checklist [19]. Total scores ranged from 15 to 17. The
following total scores ranges on the Downs and Black Checklist have been suggested as
categories of study quality: excellent (26-28), good (20-25), fair (15-19), and poor (<14) [29].

4. Discussion

The purpose of this systematic review was to identify and examine the effects of youth
distance running (age under 15) and lower extremity musculoskeletal injury. We found
a scarcity of research with the majority of studies being case reports or case series. As
such, we could not establish a conclusive relationship between youth distance running
and lower extremity injury. Our systematic review provides limited information related
to lower extremity injuries in youth distance runners and limited indications, suggesting
distance running is safe for youth under 15.

The retrospective descriptive epidemiological study [21] provides some insight into
the prevalence of lower extremity injuries in youth runners. Less than 10% of track-
related injuries in the 10-12 and 13-14 age groups occurred during cross country events,
meriting further discussion on if there is a significant correlation between youth distance
running and lower extremity injury rates [21]. Goldman et al. also found Students Run
Los Angeles runners had a high marathon completion rate with no injuries or adverse
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outcomes reported, also meriting further discussion that distance running could be safe for
youth [20].

4.1. Type of Injury

From our findings, it is difficult to draw definitive conclusions of the most common
injury type in distance runners younger than 15. All of the injuries experienced were
overuse injuries and runners often had persistent symptoms prior to diagnosis. This is
consistent with injury literature that suggests that prior injury is a risk factor for future
injury. Early treatment of symptoms should be considered to avoid future injury and more
serious pathologies. The observational prospective cohort study [20] found knee injuries to
be most common among runners participating in the Students Run Los Angeles marathon
training program. Overuse injuries are not unique to the pediatric population, as many
adult runners also experience overuse injuries.

Many youth athletes have an increased susceptibility to stress-related growth plate
injuries, particularly long distance runners [30]. Among the case reports in our systematic
review, we identified two [25,26] out of the four (50%) 14-year-old runners experienced
a growth plate injury to the hip, specifically an apophyseal fracture. Although youth
are more vulnerable to growth plate injuries, especially around the age of 14, none of the
injuries we identified in youth runners involved the epiphyseal-physeal-metaphyseal (EPM)
complex. Youth runners are still at risk for growth plate injuries and are therefore reason
for concern [2,13,30,31]; however, stress-related apophyseal injuries cannot adversely
affect growth like stress-related periphyseal injuries. This is important to note as stress-
related apophyseal injuries tend to not be treated long-term or directly affect the growth
centers [30,32], suggesting that youth runners may not be at increased risk for irreversible
growth disturbance or long-term deformity.

Our systematic review suggests there is emerging evidence that youth under 15
can successfully participate in distance running with relatively low injury rates. Our
findings suggest distance running may have minimal adverse effects on youth runners.
One exception may be increased vulnerability to growth plate injury.

4.2. Runner’s Gender and Injury

Out of the seven case reports, we identified that all of the femoral injuries occurred in
males. However, only two of the case studies were female, making it difficult to identify if
there is a correlation between gender and injury location. Goldman et al. also found there
were no significant differences (p = 0.153) between injury rates in male and female youth
runners [20]. From our findings, there does not seem to be a definitive association between
injury location and gender of the youth runner.

4.3. Comparison to High School and Adult Runners

A majority of the studies in this review were excluded because we could not extract
data from under 15 for the studies that had a range of ages inclusive of 18 and under, as the
data was not broken down respective to age. Even though some of our studies did include
15 to 18-year-olds we could specifically extract individual data from under 15.

In the study by Goldman et al. [20], high school and middle school runners participated
in a 28-week marathon training program with 14.2% of middle school runners reporting
injury compared to 20.8% of high school runners [20]. Additionally, the study found that
adolescent distance runners had a lower injury prevalence compared to adults during
marathon training [20]. In 2018, there was also a 99% completion rate of Students Run Los
Angeles runners in the Los Angeles Marathon with no reports of adverse outcomes [20].
These conclusions suggest that distance running may be safer for youth runners under
15 compared to high school and adult runners. In another retrospective cohort study [3],
the race records demonstrated that of the 310 youth runners completing the Twin Cities
Marathon, there were four medical encounters and none of these encounters occurred in
runners under 15 years of age. This again suggests that distance running may be safe
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for youth runners, specifically runners under 15. On the other hand, of children and
adolescents ages 618 years old treated in the emergency room, children ages 12-14 had
the highest running-related injury rate of 45.8 injuries per 100,000 US population [33]. It
should also be noted that there is inherent risk to participating in any type of running and
these injury rates could reflect these risks. The reported injury rates could be expected from
sport participation and not dependent on distance.

4.4. Growth and Development

Another important aspect to consider is that physiologic differences in youth can
differ regardless of age. Age at specific developmental stages can also vary considerably
between males and females because females, on average, physiologically develop earlier
than males [4,14,34]. Additionally, during development children experience growth spurts,
which could increase vulnerability for injury due to change in bone mineral density and
peak height velocity [14,34]. Peak height velocity, the time of rapid growth during which
bones are growing at a faster rate than muscles and tendons, typically occurs at age 12 in
females and 14 in males [14]. All of the apophyseal fractures in the case reports and case
series were in 14-year-olds, which is the typical age for adolescent growth spurts in males.
Bone mineral content is also at its lowest right before peak height velocity [14]. During this
period of growth and development, a child’s body may have decreased ability to withstand
load. Proper management of these health aspects has the potential to help decrease the risk
of growth plate injuries and stress fractures in youth runners.

4.5. Current Recommendations

While there is a scarcity of literature available on youth distance running, there are
a considerable number of guidelines available to the public. The American Academy of
Pedjiatric Council on Sports Medicine and Fitness (AAPCSMF) 2007 guidelines recommend
limiting one sport to a maximum of five days per week with at least one day off from
organized physical activity and two to three months off each year from that particular sport
to allow for recovery and avoid burnout [1]. The National Athletic Trainers” Association
recommends pediatric athletes limit vigorous activity to 16 to 20 h per week [1]. The Amer-
ican College of Sports Medicine (ACSM) 2018 Physical Activity Guidelines for children
and adolescents (ages six to 17) recommends participation in 60 min per day of moderate
to vigorous physical activity [35]. The National Association for Sports and Physical Educa-
tion (NASPE) also recommends children participate in at least 60 min of physical activity
each day [36]. The International Amateur Athletic Federation recommended that athletes
younger than 14 should not run more than 3000 m [31]. Furthermore, the Australian Sports
Medicine Federation recommended that runners ages 9 and under, 9-11, and 12-14 runin a
competition distance no more than 3 km, 5 km, and 10 km, respectively [37]. The Federation
also recommended that youth under 14 should not run more than three times per week and
that training sessions should not last longer than 90 min. Another study found that young
athletes whose weekly training hours exceeded their age were more likely to experience an
injury, especially an overuse injury, suggesting weekly training hours should be below an
athlete’s age [38]. There is limited consistency among these recommendations, and they
are predominantly based on expert opinion rather than evidence based. Taken together,
the inconsistencies in current recommendations and the lack of literature revealed by the
current review suggest that overuse injuries in youth runners and their association with
distance and training time clearly needs more research.

Recommendations are not only created for training, but also for competitive events,
which further emphasizes the need for guidelines substantiated from scientific evidence.
The International Marathon Medical Directors position statement from 2003 recommended
against participation in marathons for those under 18 [20]. The International Association
of Athletics Federation (IAAF) implemented a minimum age requirement of 20 years to
participate in the 2017 marathon’s World Championships in London [4]. The minimum age
for participation in various marathons and races tends to be between 16 to 18 years of age.
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Furthermore, it is also common for a parent or guardian to sign a waiver giving permission
for the young runner to participate [4]. On the other hand, the youngest athlete to compete
in the 2016 Olympic Games in Rio de Janeiro was 13 years-old [4]. Minimum participation
age is completely arbitrary, without any substantial evidence for the age selected. As noted
in the results of our systematic review, additional research is needed on youth distance
running to help race organizers create appropriate age participation requirements, if any
at all.

4.6. Limitations

The limitation of this systematic review is that most of our studies were case reports,
which inherently contain bias. Nevertheless, they provided qualitative information that
allows for more insight into the types of lower extremity injuries experienced by youth
distance runners. Due to the limited number of studies that met our search criteria, it
is difficult to establish definitive conclusions or any association between youth distance
running and lower extremity injury. This systematic review, however, established the need
for more research in youth distance running. Additionally, this review demonstrated we do
not have evidence to back recommendations for youth distance running, including what
distances are safe and which injuries are most common to help reduce injury risk.

4.7. Implications

The implications of this systematic review are that, based on the available literature,
an association cannot be drawn between long distance running and lower extremity injury
in runners under 15. Mileage recommendations cannot be made for runners under age 15.
There is not sufficient available literature to support if distance running increases lower
extremity injury in runners under the age of 15. Although there is a paucity of literature,
it is important to note that most of the available guidelines for youth distance running
are based on expert opinion and not scientific evidence. This establishes the need for
more research on the effects of long distance running on pre-pubescent runners. There
was considerably more literature on high school runners, but the pre- and post-pubescent
body has differences that can influence the ability to sustain increased mileage, withstand
loads, and manage injury. Additionally, the youngest runner from the case reports was an
11-year-old and one cohort study included 10-year-old runners, establishing that there is a
dearth of literature for those under 12 and literature for those under 10 is nonexistent. This
suggests that we do not have any substantial scientific evidence to determine the effects of
long distance running on this age group. It would be beneficial to have research specifically
on pre-pubescent and skeletally immature runners to ensure appropriate recommendations
for safe mileage, potentially leading to a reduction of injury rates in youth runners.

5. Conclusions

In this systematic review, we were able to identify and examine the literature specific
to youth distance running and lower extremity musculoskeletal injury. The main finding
of our study was that there was a dearth of literature related to injuries in runners under
the age of 15. The available literature suggests distance running may be safe for runners
under 15 and youth can participate in distance running with minimal adverse effects. This
review helps establish the need for additional research on the effects of distance running
on those under 15 to help develop evidence-based guidelines, mileage recommendations,
and injury risk reduction protocols based on the most common injuries.
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Appendix A

Search Strategy

((“Running”[Mesh] OR running[tiab] OR runner[tiab] OR runners[tiab] OR “distance
race”[tiab] OR “distance races”[tiab] OR “distance racing”[tiab] OR “endurance race”[tiab] OR
“endurance races”[tiab] OR “endurance racing”[tiab] OR marathon[tiab] OR marathons][tiab]
OR marathoning[tiab] OR (“cross-country”[tiab] AND (runner[tiab] OR runners[tiab] OR
race[tiab] OR races[tiab] OR racing[tiab] OR athlete[tiab] OR athletes[tiab]))) AND (“Athletic
injuries”[Mesh] OR “Hip injuries”[Mesh] OR “Leg injuries”[Mesh] OR “Ankle injuries”[Mesh]
OR “Knee injuries”[Mesh] OR “Foot injuries”[Mesh] OR “Wounds and injuries”[Mesh] OR
“injuries”[subheading] OR injury[tiab] OR injuries[tiab] OR accident[tiab] OR accidents[tiab]
OR “Growth Plate”[Mesh] OR “growth plate”[tiab] OR “growth plates”[tiab] OR “Salter-
Harris Fractures”[Mesh] OR “Salter-Harris Fracture”[tiab] OR Physeal[tiab] OR physis|[tiab]
OR “epiphyses”[MeSH Terms] OR epiphysis[tiab] OR epiphyses[tiab] OR diaphysis[tiab]
OR “diaphyses”[MeSH Terms] OR diaphyses[tiab] OR apophyses[tiab] OR apophysis|[tiab]
OR apophyseal[tiab] OR “Osgood-Schlatter”[tiab] OR “Sever’s disease”[tiab] OR “Severs
disease”[tiab])) AND ((“Pediatrics”[Mesh] OR pediatric[tiab] OR pediatrics[tiab] OR pae-
diatric[tiab] OR paediatrics[tiab] OR juvenile[tiab] OR juveniles[tiab] OR “Child”[Mesh]
OR child[tiab] OR children[tiab] OR childhood[tiab] OR preadolescent[tiab] OR preadoles-
cents[tiab] OR pre-adolescent[tiab] OR pre-adolescents[tiab] OR preadolescence[tiab] OR
prepubescent[tiab] OR pre-pubescent[tiab] OR “Adolescent”[Mesh] OR adolescent[tiab] OR
adolescents[tiab] OR adolescence[tiab] OR youth[tiab] OR youths[tiab] OR preteen[tiab] OR
preteens[tiab] OR pre-teen[tiab] OR pre-teens[tiab] OR teenager[tiab] OR teenagers|[tiab]
OR teenaged[tiab] OR teen[tiab] OR teens[tiab] OR boy][tiab] OR boys[tiab] OR girl[tiab]
OR girls[tiab] OR kid[tiab] OR kids[tiab] OR schoolchild[tiab] OR “school child”[tiab] OR
“school age”[tiab] OR school-age[tiab]) NOT (“Adult”[Mesh] NOT (“Adolescent”[Mesh] OR
“Child”[Mesh] OR “Infant”[Mesh])))

References

1.

2.

10.

11.

Krabak, B.J.; Snitily, B.; Milani, C.J. Running Injuries During Adolescence and Childhood. Phys. Med. Rehabil. Clin. N. Am. 2016,
27,179-202. [CrossRef]

Krabak, B.J.; Tenforde, A.S.; Davis, 1.S.; Fredericson, M.; Harrast, M.A.; D’'Hemecourt, P,; Luke, A.C.; Roberts, W.O. Youth Distance
Running: Strategies for Training and Injury Reduction. Curr. Sports Med. Rep. 2019, 18, 53-59. [CrossRef]

Roberts, W.; Nicholson, W. Youth marathon runners and race day medical risk over 26 years. Clin. ]. Sports Med. 2010, 20, 318-321.
[CrossRef]

Scheer, V.; Hoffman, M. Should children be running ultramarathons? Curr. Sports Med. Rep. 2018, 17, 282-283. [CrossRef]
Tonoli, D.; Cumps, E.; Verhagen, E.; Aerts, I.; Meeusen, R. Incidence, risk factors and prevention of running related injuries in
long-distance running: A systematic review. Sport Geneeskd. 2010, 5, 13-18. [CrossRef]

Fredericson, M.; Anuruddh, M. Epidemiology and Aetiology of Marathon Running Injuries. Sports Med. 2007, 37, 437-439.
[CrossRef] [PubMed]

Marti, B.; Vader, J.; Minder, C.; Abelin, T. On the epidemiology of running injuries: The 1984 Bern Grand-Prix study. Am. J. Sports
Med. 1988, 16, 285-294. [CrossRef]

Besomi, M.; Leppe, ].; Mauri-Stecca, M.V.; Hooper, T.L.; Sizer, P.S. Training volume and previous injury as associated factors for
running-related injuries by race distance: A cross sectional study. J. Hum. Sport Exerc. 2019, 14, 549-559. [CrossRef]

Rauh, M.].; Koepsell, T.D.; Rivara, EP.; Margherita, A.J.; Rice, S.G. Epidemiology of musculoskeletal injuries among high school
cross-country runners. Am. J. Epidemiol. 2006, 163, 151-159. [CrossRef]

Rauh, M.J. Summer training factors and risk of musculoskeletal injury among high school cross-country runners. J. Orthop. sports
Phys. Ther. 2014, 44, 793-804. [CrossRef] [PubMed]

Tenforde, A.S.; Sayres, L.C.; McCurdy, M.L.; Collado, H.; Sainani, K.L.; Fredericson, M. Overuse Injuries in High School Runners:
Lifetime Prevalence and Prevention Strategies. PM R 2011, 3, 125-131. [CrossRef]


http://doi.org/10.1016/j.pmr.2015.08.010
http://doi.org/10.1249/JSR.0000000000000564
http://doi.org/10.1097/JSM.0b013e3181e6301d
http://doi.org/10.1249/JSR.0000000000000512
http://doi.org/10.14195/2182-7087_2_24
http://doi.org/10.2165/00007256-200737040-00043
http://www.ncbi.nlm.nih.gov/pubmed/17465629
http://doi.org/10.1177/036354658801600316
http://doi.org/10.14198/jhse.2019.143.06
http://doi.org/10.1093/aje/kwj022
http://doi.org/10.2519/jospt.2014.5378
http://www.ncbi.nlm.nih.gov/pubmed/25193436
http://doi.org/10.1016/j.pmrj.2010.09.009

Int. J. Environ. Res. Public Health 2021, 18, 7542 12 of 12

12.

13.

14.

15.

16.
17.

18.
19.

20.

21.

22.

23.

24.

25.
26.

27.

28.
29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

Tenforde, A.S.; Sayres, L.C.; McCurdy, M.L.; Sainani, K.L.; Fredericson, M. Identifying sex-specific risk factors for stress fractures
in adolescent runners. Med. Sci. Sports Exerc. 2013, 45, 1843-1851. [CrossRef] [PubMed]

Caine, D.J.; Lindner, K.J. Growth plate injury: A threat to young distance runners? Physician Sportsmed. 1984, 12, 118-124.
[CrossRef]

Tenforde, R.; Roberts, W.; Krabak, B.; Davis, I.; Fredericson, M.; Luke, A.; Ackerman, K. Recommendations to optimize health in
youth runners. Strength Cond. J. 2019, 42, 76-82. [CrossRef]

American Academy of Pediatrics. Risks in long-distance running for children. Phys. Sports Med. 1982, 10, 82-86. [CrossRef]
[PubMed]

Marathons for children discouraged by IDAF. Phys. Sports Med. 1983, 11, 38.

Zaslow, T. The Effects of Long Distance Running on Injury in Adolescents; American Academy of Pediatrics National Convention and
Exposition: Boston, MA, USA, 2008.

Jones, A. Middle and Long Distance Running; Routledge: London, UK, 2006; Volume 16.

Downs, S.H.; Black, N. The feasibility of creating a checklist for the assessment of the methodological quality both of randomised
and non-randomised studies of health care interventions. J. Epidemiol. Community Health 1998, 52, 377-384. [CrossRef] [PubMed]
Goldman, J.T.; Miller, E.; Runestad, S.; Serpa, R.; Beck, J. Should Adolescents Run Marathons?: Youth Marathon Training Injury
Epidemiology and Risk Factors. Clin. J. Sports Med. 2020. [CrossRef] [PubMed]

Reid, J.P; Nelson, N.G.; Roberts, K.J.; McKenzie, L.B. Track-related injuries in children and adolescents treated in US emergency
departments from 1991 through 2008. Physician Sportsmed. 2012, 40. [CrossRef]

Nishio, J.; Hara, M.; Naito, M. Adductor insertion avulsion syndrome mimicking neoplastic processes in a 14-year-old long-
distance runner. Orthopedics 2012, 35, e1442—e1445. [CrossRef]

Ross, K.; Fahey, M. Bilateral femoral supracondylar stress fractures in a cross country runner. Orthopedics 2008, 31, 803. [CrossRef]
[PubMed]

Sakamoto, A.; Tanaka, K.; Yoshida, T.; Iwamoto, Y. Nonossifying fibroma accompanied by pathological fracture in a 12-year-old
runner. J. Orthop. Sports Phys. Ther. 2008, 38, 434-438. [CrossRef]

Dull, M.A. Bilateral avulsion fractures of the pelvic apophyses in an adolescent athlete. J. Sports Chiropr. Rehabil. 2000, 14, 89-91.
Clancy, W.G,, Jr.; Foltz, A.S. Iliac apophysitis and stress fractures in adolescent runners. Am. J. Sports Med. 1976, 4, 214-218.
[CrossRef] [PubMed]

Daffner, R.H.; Martinez, S.; Gehweiler, J.A., Jr.; Harrelson, J.M. Stress fractures of the proximal tibia in runners. Radiology 1982,
142, 63-65. [CrossRef] [PubMed]

Gamble, ].G. Symptomatic dorsal defect of the patella in a runner. Am. J. sports Med. 1986, 14, 425-427. [CrossRef]

Silverman, S.R.; Schertz, L.A.; Yuen, H.K,; Lowman, ]J.D.; Bickel, C.S. Systematic review of the methodological quality and
outcome measures utilized in exercise interventions for adults with spinal cord injury. Spinal Cord 2012, 50, 718-727. [CrossRef]
Caine, D.; DiFiori, J.; Maffulli, N. Physeal injuries in children’s and youth sports: Reasons for concern? Br. . Sports Med. 2006, 40,
749-760. [CrossRef]

Apple, D.E, Jr. Adolescent runners. Clin. Sports Med. 1985, 4, 641-655. [CrossRef]

Longo, U.G.; Ciuffreda, M.; Locher, J.; Maffulli, N.; Denaro, V. Apophyseal injuries in children’s and youth sports. Br. Med. Bull.
2016, 120, 139-159. [CrossRef]

Mehl, AJ.; Nelson, N.G.; McKenzie, L.B. Running-related injuries in school-age children and adolescents treated in emergency
departments from 1994 through 2007. Clin. Pediatrics 2011, 50, 126-132. [CrossRef] [PubMed]

DiFiori, ].P.; Benjamin, H.J.; Brenner, J.; Gregory, A.; Jayanthi, N.; Landry, G.L.; Luke, A. Overuse injuries and burnout in youth
sports: A position statement from the American Medical Society for Sports Medicine. Clin. J. Sport Med. 2014, 24, 3-20. [CrossRef]
[PubMed]

Executive Summary: Physical Activity Guidelines for Americans 2nd Edition. Available online: https:/ /healthysd.gov/physical-
activity-guidelines-for-americans-2nd-edition/ (accessed on 12 November 2018).

Integrating Physical Activity into the Complete School Day. Aasa.org. 2009. Available online: https://www.aasa.org/
uploadedFiles/Resources/files/NASPEPhysical Activity.pdf (accessed on 12 November 2019).

Zukowski, C.W,; Lillegard, W.A. Special considerations for the pediatric running population. J. Back Musculoskelet. Rehabil. 1996,
6,21-35. [CrossRef] [PubMed]

Jayanthi, N.A.; LaBella, C.R.; Fischer, D.; Pasulka, J.; Dugas, L.R. Sports-specialized intensive training and the risk of injury in
young athletes: A clinical case-control study. Am. J. Sports Med. 2015, 43, 794-801. [CrossRef] [PubMed]


http://doi.org/10.1249/MSS.0b013e3182963d75
http://www.ncbi.nlm.nih.gov/pubmed/23584402
http://doi.org/10.1080/00913847.1984.11701828
http://doi.org/10.1519/SSC.0000000000000504
http://doi.org/10.1080/00913847.1982.11947296
http://www.ncbi.nlm.nih.gov/pubmed/29293059
http://doi.org/10.1136/jech.52.6.377
http://www.ncbi.nlm.nih.gov/pubmed/9764259
http://doi.org/10.1097/JSM.0000000000000870
http://www.ncbi.nlm.nih.gov/pubmed/32941370
http://doi.org/10.3810/psm.2012.05.1965
http://doi.org/10.3928/01477447-20120822-37
http://doi.org/10.3928/01477447-20080801-28
http://www.ncbi.nlm.nih.gov/pubmed/19292416
http://doi.org/10.2519/jospt.2008.2655
http://doi.org/10.1177/036354657600400504
http://www.ncbi.nlm.nih.gov/pubmed/998842
http://doi.org/10.1148/radiology.142.1.7053549
http://www.ncbi.nlm.nih.gov/pubmed/7053549
http://doi.org/10.1177/036354658601400519
http://doi.org/10.1038/sc.2012.78
http://doi.org/10.1136/bjsm.2005.017822
http://doi.org/10.1016/S0278-5919(20)31183-2
http://doi.org/10.1093/bmb/ldw041
http://doi.org/10.1177/0009922810384719
http://www.ncbi.nlm.nih.gov/pubmed/20965875
http://doi.org/10.1097/JSM.0000000000000060
http://www.ncbi.nlm.nih.gov/pubmed/24366013
https://healthysd.gov/physical-activity-guidelines-for-americans-2nd-edition/
https://healthysd.gov/physical-activity-guidelines-for-americans-2nd-edition/
https://www.aasa.org/uploadedFiles/Resources/files/NASPEPhysicalActivity.pdf
https://www.aasa.org/uploadedFiles/Resources/files/NASPEPhysicalActivity.pdf
http://doi.org/10.3233/BMR-1996-6104
http://www.ncbi.nlm.nih.gov/pubmed/24572328
http://doi.org/10.1177/0363546514567298
http://www.ncbi.nlm.nih.gov/pubmed/25646361

	Introduction 
	Methods 
	Data Sources and Searches 
	Subjects 
	Operational Definitions 
	Study Selection 
	Data Extraction 
	Quality Assessment 

	Results 
	Study Selection 
	Study Characteristics 
	Cohort Studies 
	Case Reports and Case Series 

	Risk of Bias 

	Discussion 
	Type of Injury 
	Runner’s Gender and Injury 
	Comparison to High School and Adult Runners 
	Growth and Development 
	Current Recommendations 
	Limitations 
	Implications 

	Conclusions 
	
	References

