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Abstract
Background: Understanding the prevalence and factors associated with
running-related injuries in middle school runners may guide injury prevention.
Objective: To determine the prevalence of running-related injuries and
describe factors related to a history of injury.
Design: Retrospective cross-sectional study.
Setting: Survey distributed online to middle school runners.
Methods: Participants completed a web-based survey regarding prior running-
related injuries, training, sleep, diet, and sport participation.
Main Outcome Measurements: Prevalence and characteristics differentiating
girls and boys with and without running-related injury history adjusted for age.
Participants: Youth runners (total: 2113, average age, 13.2 years; boys:
n = 1255, girls: n = 858).
Results: Running-related injuries were more prevalent in girls (56% vs. 50%,
p = .01). Ankle sprain was the most common injury (girls: 22.5%, boys:
21.6%), followed by patellofemoral pain (20.4% vs. 7.8%) and shin splints
(13.6% vs. 5.9%); both were more prevalent in girls (p < .001). Boys more fre-
quently reported plantar fasciitis (5.6% vs. 3.3%, p = .01), iliotibial band syn-
drome (4.1% vs. 1.4%, p = .001) and Osgood-Schlatter disease (3.8% vs.
1.2%, p = .001). Runners with history of running-related injuries were older,
ran greater average weekly mileage, ran faster, had fewer average hours of
sleep on weekends, skipped more meals, missed breakfast, and consumed
less milk (all p < .05). Girls with history of running-related injuries reported
higher dietary restraint scores, later age of menarche, more menstrual cycle
disturbances, and higher likelihood of following vegetarian diets and an eating
disorder diagnosis (all p < .05). Runners with no history of running-related inju-
ries were more likely to have participated in ≥2 years of soccer or basket-
ball (p < .001).
Conclusions: Most middle school runners reported a history of running-related
injuries and certain injuries differing by gender. Modifiable factors with the
greatest association with running-related injuries included training volume, die-
tary restraint, skipping meals, and less sleep. Sport sampling, including partici-
pation in ball sports, may reduce running-related injury risk in this population.
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INTRODUCTION

Running participation has increased across all ages,
including in middle school and high school athletes. In
the National Federation of State High School Associa-
tions’ 2018-2019 Annual High School Athletics Partici-
pation Survey, 488,640 individuals participated in
cross-country.1 The rising popularity of running can be
partially attributed to the convenience, low cost, social
environment, and cardiovascular benefits.2,3 The U.S.
Government initiative in 2008 to develop competitive
running programs for middle and high school students
to address high rates of obesity may have also contrib-
uted to this growth.4-6

The risk of running-related injuries may be associ-
ated with longer participation in the sport of running,
and children may be uniquely vulnerable to injuries.7,8

Running-related injuries have been estimated to affect
up to 79% of adult runners annually.9 A cross-sectional
retrospective study in 748 high school runners found
that 68% of girls and 59% of boys sustained one or
more running-related injuries by mean age of
15 years,10 expanding on earlier prospective cohort
studies that showed 29% to 38.5% of high school
cross-country runners incurred at least one prior
running-related injury.11,12 A 15-year prospective cohort
study of 3233 high school boy and girl runners reported
an injury rate of 13.1 per 1000 athletic exposures
(AEs).11 The incidence, injury rate, and severity of
running-related injuries was greater in girls than
boys,11,12 and the running-related injury rates were
higher during practices than in competitive events for
girls.

The type of running-related injury may differ
between girls and boys based on studies of youth run-
ners. Whereas patellofemoral pain and bone stress
injuries may be more common in girls,13-15 Osgood-
Schlatter and Severʼs disease are more prevalent
among boys.16,17 The literature is inconclusive for dif-
ferences in medial tibial stress syndrome or Achilles
tendinopathy.10,11,18,19

The epidemiology of running-related injuries has pri-
marily focused on adult, elite, and high school runners,
so our understanding of running-related injuries in
younger runners has remained limited. In a 20-year
prospective longitudinal study of middle school ath-
letes, Beachy and Rauh reported rates of 10.9/1000
AEs and 8.0/1000 AEs for girl and boy middle school
cross-country runners.20 In a retrospective study of chil-
dren and adolescents treated in emergency depart-
ments, the overall incidence of running-related injuries
for ages 6 to 18 years was 30.7/100,000 children with a
reported increase in injury rate of 34% in 2007 com-
pared to 1994.21

Risk factors for running-related injuries have been
described in high school age runners. Extrinsic factors
include eating behaviors and training errors. Intrinsic

risk factors include prior injuries, anatomic variations
(limb length discrepancy, Q angle, muscle imbalance,
body mass index [BMI], foot pronation/supination),
bone mineral density, and gender-specific differences
related to hormones.22-31 Higher running volume may
be a risk factor for boys, and more competitive girls
appear at greater risk for injury.13-15

Although running-related injuries are common and
well described in older running populations, the inci-
dence, prevalence, and risk factors for running-related
injuries in middle school runners are poorly understood.
This age group has enhanced needs of growth and
development, requiring appropriate nutrition, sleep,
and training. Although errors in the approach to these
factors have been suggested to predispose this popula-
tion to overuse running-related injuries,5,6,25 reports on
these factors in this population are scarce. This knowl-
edge gap limits our ability to optimize injury treatment
and prevention and make recommendations regarding
sports specialization for young runners.32-34 This study
aims to characterize the prevalence of running-related
injuries and factors associated with running-related-
injuries in middle school runners.

METHODS

Study design and participants

A retrospective cross-sectional online survey was dis-
tributed to middle school cross-country runners (grades
6-9) in May 2020 through a database of over
900 coaches, runners, and parents of middle school
runners primarily residing in the state of Massachu-
setts, inviting athletes to complete an online survey.
Cross-country coaches also sent letters of invitation via
email to the parents of their athletes. Participants
received a $5 gift card following survey completion.
The Partners Institutional Review Board approved the
study with a waiver of written parental consent. Assent
was obtained from each participant prior to completing
the survey.

Online survey

The online survey tool was administered using secure,
web-based REDCap electronic data capture tools
hosted at Partners HealthCare Research Computing,
Enterprise Research Infrastructure & Services
group.35,36 REDCap (Research Electronic Data Cap-
ture) is a secure, web-based software platform
designed to support data capture for research studies,
providing (1) an intuitive interface for validated data
capture, (2) audit trails for tracking data manipulation
and export procedures, (3) automated export proce-
dures for seamless data downloads to common
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statistical packages; and (4) procedures for data inte-
gration and interoperability with external sources.

The survey was adapted from a prior study of high
school long distance runners and included demo-
graphic information, weight, height, training variables,
daily dietary patterns, sleep patterns, and injury
history.10

Running-related injury

Running-related injury was gathered using self-report
with instructions to “please indicate any types of injury
you have had in the past diagnosed by a doctor that
were result of running training or running in a race.”
Injury options were expanded from a prior high school
survey10 to include possible running-related injuries in
this cohort: Achilles tendonitis, shin splints, runnerʼs
knee/patellofemoral pain, iliotibial band syndrome,
knee injury/anterior cruciate ligament tear, plantar fasci-
itis, sprained ankle, hamstring strain, Osgood-Schlatter
disease, Severʼs disease, “other tendon/bone/joint
injury” (free text box included to add injury details), or
none.37,38

Demographic and sport history

Each participant reported current age, age at start of
race participation, gender, height, weight, and race/eth-
nicity. All reported previous training patterns and aver-
age weekly mileage in the summer and fall and
recorded their best time for the one-mile distance.

Participants were queried to record all other sports
or training in the past 2 years. Participation in basket-
ball and soccer was delineated with additional detailed
questions. Regular participation in plyometrics,
weightlifting, lower body core-strengthening, abdominal
exercises, and calf strengthening exercises was also
elicited (answer for each response: yes, no).

Dietary pattern

Dietary questions included number of meals and
snacks usually eaten per day (options 1 through 7 or
more than 7). Yes or no responses were obtained for
questions “Do you regularly skip meals,” “Do you usu-
ally eat breakfast (at least 5 times per week),” “Do you
drink at least 1 cup of milk or other calcium fortified bev-
erage (eg, calcium fortified soy milk or orange juice)
each day,” “Do you eat at least one serving of cheese
or yogurt each day,” “Do you eat at least one serving of
calcium fortified soy food products (eg, soy cheese or
soy yogurt) each day,” “Do you currently follow a vege-
tarian diet (meaning that you never eat fish, chicken, or
meat, but you do eat eggs and dairy),” and “Have you

previously followed a vegetarian diet.” The use of cal-
cium and vitamin D supplement two or more days/
week over past year and doses were surveyed. The
Eating Disorder Examination Questionnaire dietary
restraint subscale was used to measure of dietary
restraint.39 An elevated score was defined as mean
value ≥3 based on report marker of low energy avail-
ability (EA) as described previously.40 Information
regarding the diagnosis of eating disorder was
requested along a more specific diagnosis of anorexia
nervosa, bulimia nervosa, or eating disorder not other-
wise specified.

Menstrual history

Each girl participant completed a menstrual history
including her age of menarche. For girls who had
reached menarche, detailed questions were asked
about number of menstrual periods per year during the
previous and current grade levels (answer choices:
0, 1-3, 4-9, 10-12, >12), if they had missed three or more
menstrual periods in a row (answers: yes, no), the num-
ber of menstrual periods in past 12 months (free
response), and the use of prescription pills or hormones
to regulate menstrual periods.

Sleep

Each participant was asked to record average hours of
sleep per day on the weekday (defined as Sunday
through Thursday) and weekend (Friday and Saturday).
Additionally, participants provided a numeric value to
the question “in the past 30 days, how many days did
you feel that you did not get enough rest or sleep?”

Statistical analyses

We conducted univariate and bivariate analyses of
each response while stratifying for gender. Free entry
responses for height, weight, and best mile time were
reviewed, and implausible responses were removed
from the study analyses. Because age was associated
with running-related injuries in our dataset, we calcu-
lated age-adjusted p values for girls versus boys for the
prevalence of each running-related injury using a Wald
test statistic from a logistic regression model by includ-
ing age as a covariate in the model. For continuous var-
iables, values were presented as mean � SD. Student
t-tests were used to calculate mean differences
between groups and chi-square tests were used to
compare percentage differences where the dependent
variable was categorical. Statistical significance was
set at p < .05. All analyses were conducted in SAS Stu-
dio 3.7 (SAS Institute Inc., Cary, NC, USA).
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RESULTS

Participants

Of the 2134 runners who completed the survey, 2113
(1255 boys, 858 girls) met the inclusion criteria for anal-
ysis (Figure 1). The average age was 13.2 years and
BMI 19.1 kg/m2 (see Table 1 for characteristics of the
cohort). Most participants who completed the survey
were in the seventh or eighth grade.

History, anatomic distribution, and factors
associated with running-related injury

Adjusting for age, more than half (56%) of the girls and
50% of boys (p = .01) reported a history of one or more
running-related injuries (Table 2). Overall, the most
common running-related injury was an ankle sprain
(girls: 22.5%; boys: 21.6%, p = .78). The second and
third most common running-related injuries were higher
in girls than boys and were patellofemoral pain (girls:
20.4%; boys: 7.8%, p < .001) and shin splints (girls:
13.6%, boys: 5.9%, p < .001). Boys were more likely
than girls to develop Osgood-Schlatter disease (3.8%
vs. 1.2%, p = <.001), iliotibial band syndrome (4.1%
vs. 1.4%, p = <.001), and plantar fasciitis (5.6% vs.
3.3%, p = .01).

Training variables, performance data, sleep volume,
nutrition parameters, additional sports participation,
and strength training were compared between runners
with and without history of running-related injury in
Table 3. Average weekly volume of training during the
fall season was statistically higher in participants with
running-related injuries (girls: 27.8 � 6.9 km
vs. 26.6 � 10.0 km, p = .04; boys: 27.4 � 8.0 km

vs. 26.3 � 8.4 km, p = .01). Kilometers run per week in
the summer before the start of the cross-country sea-
son were similar between participants with and without
injuries (girls: 17.1 � 8.9 km vs. 17.7 � 13.7 km,
p = .56; boys: 16.7 � 9.3 km vs. 16.1 � 10.8, p = .39).
Faster mile performances were in runners with a history
of running-related injuries for both girls (6:18 � 0:36
vs. 6:30 � 0:42, p < .001) and boys (6:00 � 0:36
vs. 6:06 � 0:36, p = .02).

DISCUSSION

The purpose of this study is to characterize the preva-
lence of and factors related to running-related injuries
in a large cohort of middle school runners. We
observed that most middle school runners had
sustained one or more running-related injury by aver-
age age 13 years, and more girls reported prior injury
compared to boys. Runners with and without a history
of running-related injuries had differentiating factors
related to training, nutrition, and sleeping behaviors. A
history of running-related injuries was more common in
runners with higher average weekly mileage and faster
running performances. Runners with a history of
running-related injuries reported skipping more meals,
not eating breakfast at least 5 days per week, not con-
suming at least one cup of milk daily, and having fewer
hours of sleep during the weekend. More girls with a
history of running-related injuries reported a vegetarian
diet, dietary intake restraint, and an eating disorder. In
contrast, runners without a history of running-related
injuries were more likely to report playing basketball
and/or soccer for at least 2 years. It is important to note
that the observed differences between injured and non-
injured runners may be confounded by behaviors of the

2134 survey 
respondents

2126 survey 
respondents who 
provided assented 

and completed 
survey

3 respondents did 
not provide assent

5 respondents left 
survey blank

2113 middle school 
survey respondents

13 respondents not 
in grades 6-8

858 girls 1255 boys

F I GURE 1 Flowchart of survey respondents
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runners. For example, girls and boys who primarily
focus on youth running may differ from those who
continue to sport sample, influencing behaviors
including volume of training, performance, nutrition,

and participation in ball sports. Nonetheless, the high
prevalence of running-related injuries and the associ-
ated factors suggest an opportunity to address injury in
these young runners.

TAB LE 1 Characteristics of study sample of middle school distance runners

Variable

All (n = 2113) Girl (n = 858) Boy (n = 1255)

p valueMean � SD or n (%) Mean � SD or n (%) Mean � SD or n (%)

Age (year) 13.2 � 0.95 13.3 � 0.9 13.2 � 1.0 .26

Grade .009

Sixth 502 (23.8%) 185 (21.6%) 317 (25.3%)

Seventh 637 (30.2%) 258 (30.1%) 379 (30.2%)

Eighth 809 (38.3%) 360 (42.0%) 449 (35.8%)

Ninth 165 (7.8%) 55 (6.4%) 110 (8.8%)

Weight (kg) 50.3 � 6.4 49.3 � 5.7 51.1 � 6.7 <.001

Height (cm) 162.1 � 7.6 161.3 � 6.4 162.6 � 8.4 <.001

BMI (kg/m2) 19.1 � 1.4 19.0 � 1.4 19.2 � 1.4 <.001

BMI Z-score �0.12 � 0.57 �0.2 � 0.5 �0.1 � 0.6 <.001

Ethnicity .16

White 1688 (80%) 695 (81.0%) 993 (79.2%)

Latino 169 (8.0%) 67 (7.8%) 102 (8.1%)

Black 100 (4.7%) 30 (3.5%) 70 (5.6%)

Asian 151 (7.1%) 64 (7.5%) 87 (6.9%)

Other 5 (0.2%) 2 (0.2%) 3 (0.2%)

Menstrual history

Reached menarche 138 (17.1%)

Age of menarche (year) 11.6 � 1.1

Number menses past 12 months 9.9 � 2.6

History of 3 or more missed periods 18 (13.0%)

Abbreviation: BMI, body mass index.

TAB LE 2 Prevalence of running-related injuries among middle school runnersa

Injury type All (n = 2113)b Girl (n = 858)b Boy (n = 1255)b p valuec

One or more overuse injury 1110 (52.5%) 481 (56.0%) 629 (50.0%) .01

Achilles tendonitis 116 (5.5%) 38 (4.4%) 78 (6.2%) .07

Shin splints/tibial stress 191 (9.0%) 117 (13.6%) 74 (5.9%) <.001

Patellofemoral pain 273 (12.9%) 175 (20.4%) 98 (7.8%) <.001

Iliotibial band syndrome 63 (3.0%) 12 (1.4%) 51 (4.1%) <.001

Knee injury/ACL tear 33 (1.6%) 9 (1.1%) 24 (1.9%) .12

Plantar fasciitis 98 (4.6%) 28 (3.3%) 70 (5.6%) .01

Ankle sprain 464 (22.0%) 193 (22.5%) 271 (21.6%) .78

Hamstring strain 163 (7.7%) 73 (8.5%) 90 (7.2%) .28

Osgood-Schlatter disease 57 (2.7%) 10 (1.2%) 47 (3.8%) <.001

Severʼs disease 89 (4.2%) 42 (4.9%) 47 (3.8%) .19

Otherd 22 (1.0%) 14 (1.6%) 8 (0.64%) .03

Abbreviation: ACL, anterior cruciate ligament.
aParticipants could report having more than one running-related injury.
bReport values for each injury n (%).
cp values adjusted for age.
dOther included groin strain, tendonitis, pelvis avulsion.
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TAB LE 3 Characteristics associated with running-related injuries among middle school runners

Variablea

Girl participants Boy participants

≥1 running-related
injury (N = 481)

No running-related
injury (N = 377) p value

≥1 running-related
injury (N = 629)

No running-related
injury (N = 626) p value

Demographics

Age (year) 13.4 � 0.9 13.1 � 1.0 <.001 13.4 � 0.9 13.0 � 1.0 <.001

BMI (kg/m2) 19.0 � 1.4 18.9 � 1.4 .28 19.2 � 1.5 19.1 � 1.4 .17

BMI Z-score �0.22 � 0.77 �0.24 � 0.66 .79 �0.04 � 0.76 �0.12 � 0.74 .07

Training variables

Age started endurance races

(years)

13.7 � 1.5 13.3 � 1.9 <.001 13.6 � 1.6 13.6 � 1.9 .65

Age started sprint races

(years)

9.9 � 1.4 9.5 � 1.4 <.001 9.6 � 1.6 9.5 � 1.6 .13

Summer mileage (km/week) 17.1 � 8.9 17.7 � 13.7 .56 16.7 � 9.3 16.1 � 10.8 .39

Fall mileage (km/week) 27.8 � 6.9 26.6 � 10.0 .04 27.4 � 8.0 26.3 � 8.4 .01

Mile time (minutes: seconds) 6:18 � 0:36 6:30 � 0:42 <.001 6:00 � 0:36 6:06 � 0:36 .02

Basketball for ≥2 years 58 (12.1%) 119 (31.6%) <.001 162 (25.8%) 262 (41.9%) <.001

Soccer for ≥2 years 62 (12.9%) 110 (29.2%) <.001 118 (18.8%) 224 (25.8%) <.001

Sleep variables

Hours sleep per night on

weekdays

7.8 � 0.8 8.0 � 0.7 .002 8.0 � 0.9 8.1 � 0.8 .34

Hours sleep per night on

weekends

8.7 � 1.1 9.2 � 1.0 <.001 8.7 � 1.2 9.1 � 1.2 <.001

Days felt not enough sleep in

last month

3.0 � 3.5 2.7 � 2.7 .16 3.4 � 3.1 3.0 � 2.9 .04

Daily dietary patterns

History of skipping meals 75 (15.6%) 10 (2.7%) <.001 46 (7.3%) 19 (3.0%) <.001

Eats breakfast 5 days per

week

370 (76.9%) 354 (93.9%) <.001 524 (83.8%) 591 (94.6%) <.001

Diagnosis of eating disorder 22 (4.5%) 1 (0.3%) <.001 0 (0%) 0 (0%) N/A

Drinks at least 1 cup of milk

per day

302 (62.8%) 319 (84.6%) <.001 476 (75.9%) 566 (90.4%) <.001

Vegetarian diet 75 (15.6%) 39 (10.3%) .02 70 (11.2%) 101 (16.2%) .009

EDEQ, mean 0.33 � 0.76 0.25 � 0.47 .04 0.10 � 0.43 0.14 � 0.50 .18

Conditioning

Plyometrics or weight-lifting 65 (13.5%) 22 (5.8%) <.001 167 (26.6%) 95 (15.2%) <.001

Lower body core-

strengthening on a regular

basis

272 (56.7%) 237 (62.9%) .08 365 (58.0%) 393 (62.8%) .09

Abdominal exercises on a

regular basis

296 (61.7%) 253 (67.1%) .109 395 (62.8%) 411 (65.7%) .29

Calf strengthening exercises 289 (60.2%) 247 (65.5%) .11 367 (58.4%) 413 (66.5%) .003

Menstrual history

Reached menarche 75 (16.6%) 63 (17.9%) .65

Age of menarche 11.8 � 1.2 11.4 � 0.9 .01

No. menses past 12 months 9.5 � 2.8 10.4 � 2.3 .04

History of 3 or more missed

periods

16 (21.3%) 2 (3.2%) .002

Abbreviations: BMI, body mass index; EDEQ, Eating Disorder Examination Questionnaire.
aValues presented as Mean � SD or n (%).
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Few studies have described running-related injuries
in middle school runners. Our findings are similar to
those reported in a 20-year longitudinal study of middle
school athletes showing girls participating in cross-
country or track and field had a higher incidence of
injury than boys who competed in the same sport.20

Our findings that ankle sprains and patellofemoral pain
were the most common running-related injuries during
middle school is consistent with a prior report that the
knee and ankle are common locations for running-
related injuries in high school runners.20

Most of the reported running-related injuries would be
classified as an overuse injury, especially among the girls.
A study of school-aged children reported similar results
with an overuse sport-related injury 1.5 times more likely
in girls than boys.20 One explanation may be that boys
and girls experience their peak height velocities at differ-
ent ages and may be more vulnerable to overuse injury
during this developmental stage.6,41 Furthermore, during
and after periods of accelerated growth, girls and boys
develop muscle imbalances that may also contribute to
the increased risk of overuse injuries, although future
studies are needed to assess definitive causality.42

Runners in our study with a history of running-
related injuries reported running faster and at a higher
weekly volume than those without a history of running-
related injuries, which is consistent with prior studies of
high school runners.10 However, the difference in aver-
age weekly mileage was relatively small.10,43 These
variables may not be easy to modify given prior reports
that higher running volume was associated with faster
running performances,10 and our findings do not delin-
eate a weekly running volume that will reduce injury
risk. Further, differences in running volume and perfor-
mance measures may reflect other behaviors such as
focus on youth running specialization. Sports sampling
may help partially address these concerns by providing
alternative activity than solely running.

Both nutritional and sleep factors influence running-
related injuries and may be modifiable risk factors.
Many studies suggest that athletes should focus on
nutrition to prevent injuries,44 and our findings support
that inadequate diet increases the likelihood for a
running-related injuries.44 Poor nutrition contributes to
low energy availability and deprives the body of nutri-
ents needed for recovery, healing, and growth.45 Mid-
dle school runners who reported less sleep on
weekends also had a history of more running-related
injuries, which is consistent with findings in collegiate
cross-country runners that found poor sleep quality was
significantly associated with higher risk of injury.46

Thus, diet and sleep are important for recovery from
training even at the middle school ages and should be
addressed as injury reduction strategies.

Female middle school athletes are subject to the
effects of low energy availability as demonstrated by
more running-related injuries in girls with poor nutrition

habits and described by the Female Athlete Triad47 and
Relative Energy Deficiency in Sport.48 In female ath-
letes, eating disorders, delayed menarche, and second-
ary menstrual disturbances are key markers for energy
availability. Although BMI was not different between
injured and noninjured runners, this is an imperfect
marker for the low energy availability state and should
be considered among other risk factors.47 The average
age of menarche in the United States is around age 12,
yet about one in six girls reported menarche in this
cohort of girls with an average age of 13 years.49 Our
findings suggest that girls who participate in the sport of
running might involuntarily delay their age of menarche.
Girls with history of running-related injuries had a history
of eating disorder, later age of menarche, fewer periods
in the past year, and greater percentage of missing three
of more periods. Our findings are consistent with prior
work in high school athletes that identified Triad risk fac-
tors associated with overuse musculoskeletal injuries.50

Healthy eating behaviors and ensuring proper nutrition
and menstrual status to support growth and attain peak
bone mass are critical issues for young girls. Promoting
adequate energy availability may reduce injuries and
promote long-term health.

We found that more runners without a history of
running-related injuries reported playing basketball or
soccer for at least 2 years during middle school. A pre-
vious study showed male high school distance runners
who participated in basketball were less likely to sus-
tain stress fractures.54 Studies of track and field ath-
letes in late adolescence and military personnel have
suggested that early participation in ball sports has a
protective effect against future stress fracture.51 The
protective effect of ball sports may be due to the mul-
tidirectional loading and high ground reaction forces
that result in subsequent bone remodeling and
increased strength, particularly at regions most
stressed in the respective sport.51 Our study suggests
that both basketball and soccer may be associated with
fewer running-related injuries of all types in middle
school runners. These findings are consistent with rec-
ommendations from major sports medicine organiza-
tions that encourage sports sampling at young ages,
owing to crossover benefits in participation in other
forms of sport and reducing risk of burnout and discon-
tinuation of sport from youth sport specialization.52,53

Limitations

Several limitations in this study are worth noting. The
retrospective cross-sectional study design is appropri-
ate for describing prevalence of running-related inju-
ries; however, this design is limited to examining
associations and cannot establish causality for running-
related injuries. Self-report surveys are prone to recall
bias or errors in reporting details of injury; future
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prospective studies may help minimize these limita-
tions. Although we provided a list of common running-
related injuries to help the runners remember the
running-related injury they incurred, the diagnoses
were not clinically verified and relied on accurate recall
from middle schoolers. Thus, some misclassification of
running-related injuries was likely in this study and
because the surveys were conducted anonymously, we
were unable to verify names or other clinical informa-
tion. Moreover, we did not ask about hyperlaxity or par-
amorphism (eg, scoliosis) and were unable to assess
potential contributing role in running-related injuries.
The middle school runners were primarily Caucasian
and lived in geography around Massachusetts; our find-
ings may not be generalizable to middle school
populations in other parts of the country. We were
unable to report a response rate because we do not
know the total population who received the survey invi-
tation. The large sample size may reduce risk that this
population is not generalizable.

CONCLUSIONS

More than half of middle school cross-country runners
sustain a running-related injury by the average age
13 years. Ankle sprains, patellofemoral pain, and shin
splints/medial tibial stress syndrome are the most com-
mon injuries in this population. Girls reported a higher
percentage of running-related injuries than boys, and
some injuries were more common in female compared
to male runners. Nutrition, sleep, and training volume
are factors associated with running-related injuries in
middle school. Participation in ball sports was associ-
ated with fewer running-related injuries. Sport sam-
pling, including participation in ball sports and
strengthening programs may be protective against
running-related injuries. Our findings may be further
substantiated with prospective studies to evaluate risk
factors for running-related injuries and to test interven-
tions focused on strength training and other exercise
programs to address the high prevalence of running-
related injuries identified in our population.

ACKNOWLEDGMENTS
We thank the middle school runners for their participation,
and supporting efforts by coaches and families for help-
ing to make this study possible. Investigation was com-
pleted at Spaulding Rehabilitation Hospital, and approval
obtained from Partners Institutional Review Board.

DISCLOSURES
Dr. Heiderscheit is the owner of Science of Running
Medicine, LLC, outside the submitted work.
Dr. Tenforde has no disclosures related to this
work. He serves as senior editor for PM&R Journal. He
gives professional talks such as grand rounds and

medical conference plenary lectures and receives hon-
oraria from conference organizers. He has participated
in research funded by The Arnold P. Gold Foundation
(physician and patient care disparities), Football Player
Health Study at Harvard (health in American-Style
Football players), and American Medical Society for
Sports Medicine (bone density research).

ORCID
Adam S. Tenforde https://orcid.org/0000-0002-3966-
8070

REFERENCES
1. National Federation of State High School Associations. 2018–

2019 high school athletics participation survey. https://www.nfhs.

org/media/1020406/2018-19-participation-survey.pdf. Accessed

July 15, 2020.

2. Williams PT. Relationship of distance run per week to coronary

heart disease risk factors in 8283 male runners. The National

Runners’ Health Study. Arch Intern Med. 1997;157:191-198.
3. Taunton JE, Ryan MB, Clement DB, McKenzie DC, Lloyd-

Smith DR, Zumbo BD. A retrospective case-control analysis of

2002 running injuries. Br J Sports Med. 2002;36:95-101.
4. Solomon ML, Briskin SM, Sabatina N, Steinhoff JE. The pediat-

ric endurance athlete. Curr Sports Med Rep. 2017;16:428-434.
5. Stracciolini A, Casciano R, Levey Friedman H, Meehan WP 3rd,

Micheli LJ. Pediatric sports injuries: an age comparison of children

versus adolescents. Am J Sports Med. 2013;41:1922-1929.
6. Krabak BJ, Snitily B, Milani CJ. Running injuries during adolescence

and childhood. Phys Med Rehabil Clin N Am. 2016;27:179-202.

7. Bernhardt DT, Landry GL. Sports injuries in young athletes. Adv
Pediatr. 1995;42:465-500.

8. Adirim T, Cheng TL. Overview of injuries in the young athlete.

Sports Med. 2003;33(1):75-78. https://doi.org/10.2165/00007256-
200333010-00006.

9. van Gent RN, Siem D, van Middelkoop M, van Os AG, Bierma-

Zeinstra SM, Koes BW. Incidence and determinants of lower

extremity running injuries in long distance runners: a systematic

review. Br J Sports Med. 2007;41:469-480; discussion 80.

10. Tenforde AS, Sayres LC, McCurdy ML, Collado H, Sainani KL,

Fredericson M. Overuse injuries in high school runners: lifetime

prevalence and prevention strategies. PM R. 2011;3:125-131;
quiz 31.

11. Rauh MJ, Margherita AJ, Rice SG, Koepsell TD, Rivara FP. High

school cross country running injuries: a longitudinal study. Clin J
Sport Med. 2000;10:110-116.

12. Rauh MJ, Koepsell TD, Rivara FP, Margherita AJ, Rice SG. Epi-

demiology of musculoskeletal injuries among high school cross-

country runners. Am J Epidemiol. 2006;163:151-159.
13. Boling M, Padua D, Marshall S, Guskiewicz K, Pyne S,

Beutler A. Gender differences in the incidence and prevalence

of patellofemoral pain syndrome. Scand J Med Sci Sports. 2010;
20:725-730.

14. Vora M, Curry E, Chipman A, Matzkin E, Li X. Patellofemoral

pain syndrome in female athletes: a review of diagnoses, etiol-

ogy and treatment options. Orthop Rev (Pavia). 2017;9:7281.
15. Tenforde AS, Kraus E, Fredericson M. Bone stress injuries in

runners. Phys Med Rehabil Clin N Am. 2016;27:139-149.

16. Clement DB, Taunton JE, Smart GW, McNicol KL. A survey of

overuse running injuries. Phys Sportsmed. 1981;9:47-58.
17. Scharfbillig RW, Jones S, Scutter S. Severʼs disease: a pro-

spective study of risk factors. J Am Podiatr Med Assoc. 2011;
101:133-145.

18. Yagi S, Muneta T, Sekiya I. Incidence and risk factors for medial

tibial stress syndrome and tibial stress fracture in high school

8 RUNNING RELATED INJURIES IN MIDDLE SCHOOL

https://orcid.org/0000-0002-3966-8070
https://orcid.org/0000-0002-3966-8070
https://orcid.org/0000-0002-3966-8070
https://www.nfhs.org/media/1020406/2018-19-participation-survey.pdf
https://www.nfhs.org/media/1020406/2018-19-participation-survey.pdf
https://doi.org/10.2165/00007256-200333010-00006
https://doi.org/10.2165/00007256-200333010-00006


runners. Knee Surg Sports Traumatol Arthrosc. 2013;21:

556-563.

19. Lepley AS, Joseph MF, Daigle NR, et al. Sex differences in

mechanical properties of the Achilles tendon: longitudinal

response to repetitive loading exercise. J Strength Cond Res.
2018;32:3070-3079.

20. Beachy G, Rauh M. Middle school injuries: a 20-year

(1988-2008) multisport evaluation. J Athl Train. 2014;49:

493-506.

21. Mehl AJ, Nelson NG, McKenzie LB. Running-related injuries in

school-age children and adolescents treated in emergency

departments from 1994 through 2007. Clin Pediatr (Phila). 2011;
50:126-132.

22. Soprano JV. Musculoskeletal injuries in the pediatric and adoles-

cent athlete. Curr Sports Med Rep. 2005;4:329-334.
23. Thijs Y, De Clercq D, Roosen P, Witvrouw E. Gait-related intrin-

sic risk factors for patellofemoral pain in novice recreational run-

ners. Br J Sports Med. 2008;42:466-471.
24. Van Ginckel A, Thijs Y, Hesar NG, et al. Intrinsic gait-related risk

factors for Achilles tendinopathy in novice runners: a prospective

study. Gait Posture. 2009;29:387-391.
25. Ryan MB, Valiant GA, McDonald K, Taunton JE. The effect of

three different levels of footwear stability on pain outcomes in

women runners: a randomised control trial. Br J Sports Med.
2011;45:715-721.

26. Bennell KL, Malcolm SA, Thomas SA, et al. Risk factors for

stress fractures in track and field athletes. A twelve-month pro-

spective study. Am J Sports Med. 1996;24:810-818.
27. Bennett JE, Reinking MF, Pluemer B, Pentel A, Seaton M,

Killian C. Factors contributing to the development of medial tibial

stress syndrome in high school runners. J Orthop Sports Phys
Ther. 2001;31:504-510.

28. Rauh MJ, Koepsell TD, Rivara FP, Rice SG, Margherita AJ.

Quadriceps angle and risk of injury among high school cross-

country runners. J Orthop Sports Phys Ther. 2007;37:725-733.
29. Fredericson M, Cookingham CL, Chaudhari AM, Dowdell BC,

Oestreicher N, Sahrmann SA. Hip abductor weakness in dis-

tance runners with iliotibial band syndrome. Clin J Sport Med.
2000;10:169-175.

30. Ireland ML, Willson JD, Ballantyne BT, Davis IM. Hip strength in

females with and without patellofemoral pain. J Orthop Sports
Phys Ther. 2003;33:671-676.

31. Wu M, Fallon R, Heyworth BE. Overuse injuries in the pediatric

population. Sports Med Arthrosc Rev. 2016;24:150-158.
32. Jayanthi NA, LaBella CR, Fischer D, Pasulka J, Dugas LR.

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.

33. Brenner JS, Council on Sports Medicine and Fitness. Sports

specialization and intensive training in young athletes. Pediat-
rics. 2016;138:e20162148.

34. Krabak BJ, Tenforde AS, Davis IS, et al. Youth distance running:

strategies for training and injury reduction. Curr Sports Med
Rep. 2019;18:53-59.

35. Harris PA, Taylor R, Minor BL, et al. The REDCap consortium:

building an international community of software platform part-

ners. J Biomed Inform. 2019;95:103208.

36. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N,

Conde JG. Research electronic data capture (REDCap)—a

metadata-driven methodology and workflow process for provid-

ing translational research informatics support. J Biomed Inform.

2009;42:377-381.

37. Strakowski JA, Jamil T. Management of common running inju-

ries. Phys Med Rehabil Clin N Am. 2006;17:537-552.

38. Fernandez WG, Yard EE, Comstock RD. Epidemiology of lower

extremity injuries among U.S. high school athletes. Acad Emerg
Med. 2007;14:641-645.

39. Mond JM, Hay PJ, Rodgers B, Owen C, Beumont PJ. Validity of

the eating disorder examination questionnaire (EDE-Q) in

screening for eating disorders in community samples. Behav
Res Ther. 2004;42:551-567.

40. Barrack MT, Rauh MJ, Barkai HS, Nichols JF. Dietary restraint

and low bone mass in female adolescent endurance runners.

Am J Clin Nutr. 2008;87:36-43.
41. Sorensen L, Larsen SE, Rock ND. The epidemiology of sports

injuries in school-aged children. Scand J Med Sci Sports. 1996;
6:281-286.

42. Arnold A, Thigpen CA, Beattie PF, Kissenberth MJ, Shanley E.

Overuse physeal injuries in youth athletes. Sports Health. 2017;
9:139-147.

43. Fields KB, Sykes JC, Walker KM, Jackson JC. Prevention of

running injuries. Curr Sports Med Rep. 2010;9:176-182.
44. Close GL, Sale C, Baar K, Bermon S. Nutrition for the prevention

and treatment of injuries in track and field athletes. Int J Sport
Nutr Exerc Metab. 2019;29:189-197.

45. Tipton KD. Nutritional support for exercise-induced injuries.

Sports Med. 2015;45(suppl 1):S93-S104.
46. Hayes LE, Boulos A, Cruz AI Jr. Risk factors for in-season injury

in varsity collegiate cross-country athletes: an analysis of one

season in 97 athletes. J Sports Med Phys Fitness. 2019;59:

1536-1543.

47. De Souza MJ, Nattiv A, Joy E, et al. 2014 Female Athlete Triad

Coalition consensus statement on treatment and return to play of

the female athlete triad: 1st International Conference held in San

Francisco, CA, May 2012, and 2nd International Conference held

in Indianapolis, IN, May 2013. Br J Sports Med. 2014;24:96-119.
48. Mountjoy M, Sundgot-Borgen JK, Burke LM, et al. IOC consen-

sus statement on relative energy deficiency in sport (RED-S):

2018 update. Br J Sports Med. 2018;52:687-697.
49. McDowell MA, Brody DJ, Hughes JP. Has age at menarche

changed? Results from the National Health and Nutrition Exami-

nation Survey (NHANES) 1999-2004. J Adolesc Health. 2007;
40:227-231.

50. Rauh MJ, Nichols JF, Barrack MT. Relationships among injury

and disordered eating, menstrual dysfunction, and low bone

mineral density in high school athletes: a prospective study.

J Athl Train. 2010;45:243-252.
51. Tenforde AS, Sainani KL, Carter Sayres L, Milgrom C,

Fredericson M. Participation in ball sports may represent a

prehabilitation strategy to prevent future stress fractures and

promote bone health in young athletes. PM R. 2015;7:222-225.
52. Gallant F, OʼLoughlin JL, Brunet J, Sabiston CM, Belanger M.

Childhood sports participation and adolescent sport profile. Pedi-
atrics. 2017;140:e20171449.

53. Brenner JS, American Academy of Pediatrics Council on Sports

Medicine and Fitness. Overuse injuries, overtraining, and burnout

in child and adolescent athletes. Pediatrics. 2007;119:1242-1245.
54. Tenforde AS, Sayres LC, McCurdy ML, Sainani KL,

Fredericson M. Identifying sex-specific risk factors for stress

fractures in adolescent runners. Med Sci Sports Exerc. 2013;
45(10):1843–1851.

How to cite this article: Wu AC, Rauh MJ,
DeLuca S, et al. Running-related injuries in
middle school cross-country runners: Prevalence
and characteristics of common injuries. PM&R:
The Journal of Injury, Function and
Rehabilitation. 2021;1–9. https://doi.org/10.1002/
pmrj.12649

A.C. WU ET AL. 9

https://doi.org/10.1002/pmrj.12649
https://doi.org/10.1002/pmrj.12649

	Running-related injuries in middle school cross-country runners: Prevalence and characteristics of common injuries
	INTRODUCTION
	METHODS
	Study design and participants
	Online survey
	Running-related injury
	Demographic and sport history
	Dietary pattern
	Menstrual history
	Sleep

	Statistical analyses

	RESULTS
	Participants
	History, anatomic distribution, and factors associated with running-related injury

	DISCUSSION
	Limitations

	CONCLUSIONS
	ACKNOWLEDGMENTS
	DISCLOSURES
	REFERENCES


