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Context: With 8 million annual US high school student-
athletes, the epidemiology of sport-related injuries has garnered
significant interest. The most recent studies examining overuse
injury rates in high school sports were based on data from 2012
to 2013 and, therefore, may not reflect current overuse injury
rates in high school sports.

Objective: To (1) determine overuse time-loss (TL) and
non—time-loss (NTL) injury rates among high school student-
athletes using National Athletic Treatment, Injury and Outcomes
Network Surveillance Program (NATION-SP) data collected
from 2014-2015 to 2018-2019 and (2) compare overuse injury
rates based on student-athlete sex defined by whether it was a
boys’ sport or a girls’ sport, the sport itself, and the injury
location.

Design: Descriptive epidemiology study.

Setting: Online injury surveillance from 211 high schools
(345 individual years of high school data).

Patients or Other Participants: Athletes who participated
in secondary school-sponsored boys’ or girls’ sports.

Main Outcome Measure(s): Boys’ and girls’ overuse injury
data from the NATION-SP during the 2014—2015 to 2018-2019
school years were analyzed. Overuse injuries were identified
using a combination of the reported injury mechanism and
diagnosis. Time-loss injuries resulted in restriction from partic-

ipation beyond the day of injury; NTL injuries did not result in
restriction from participation beyond the day of injury or involved
no lost time due to the injury. Injury counts, rates, and rate ratios
(IRRs) were reported with 95% Cls.

Results: The total overuse injury rate was 5.3/10000
athlete-exposures (AEs; 95% Cl = 5.1, 5.7), the NTL overuse
injury rate was 3.4/10000 AEs (95% Cl = 3.1, 3.6), and the TL
overuse injury rate was 2.0/10 000 AEs (95% Cl=1.8, 2.2). The
overuse injury rate was greater in girls’ sports compared with
boys’ sports (IRR=1.9; 95% Cl=1.7, 2.1). The highest rates of
overuse injury were observed in girls’ cross-country (19.2/10 000
AEs; 95% CI = 15.0, 24.2), girls’ track and field (16.0/10000
AEs; 95% CIl = 13.5, 18.8), and girls’ field hockey (15.1/10000
AEs; 95% Cl=10.2, 21.6). Overuse injury rates were higher for
the lower extremity than the upper extremity (IRR =5.7; 95% CI
=4.9, 6.7) and for the lower extremity than the trunk and spine
(IRR=8.9; 95% Cl =7.3, 10.8).

Conclusions: Awareness of the overuse injury risk, as well
as prevention and intervention recommendations, is necessary
and should be specifically targeted at cross-country, field
hockey, and track and field athletes.

Key Words: high school athletes, injury surveillance, time-
loss injuries, non—time-loss injuries

and field, girls’ field hockey, and boys’ lacrosse.

Key Points

» Using National Athletic Treatment, Injury and Outcomes Network Surveillance Program data collected from 2014—
2015 through 2018-2019, we found that non—time-loss overuse injuries represented a significant burden of the total
overuse injury rates observed among high school athletes.

» Overuse injury rates were greater in girls’ sports compared with boys’ sports and for the lower extremity compared
with the upper extremity. With respect to sport, overuse injuries were most frequent in girls’ cross-country, girls’ track

n estimated 12 million student-athletes between
A the ages of 5 and 22 sustain a sport-related injury

annually, leading to an estimated 20 million lost
days of school and generating approximately $33 billion in
injury-related medical costs.! With nearly 8 million annual
participants in US high school athletics, the epidemiology
of sport-related injuries in high school athletics has
garnered significant research interest.” Large-scale injury-

surveillance systems such as the National Athletic Treat-
ment, Injury and Outcomes Network Surveillance Program
(NATION-SP) and the High School Reporting Information
Online (HS-RIO) database allow injury rates to be
investigated in national samples of high school athletes.?
The authors*'! of previous large-scale epidemiologic
studies of injury at the high school level have typically
focused on examining general sport-related injuries, rates of
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common injuries such as sport-related concussions or ankle
sprains, or injury rates in specific sports.

To our knowledge, only 3 groups'?'* have specifically
focused on the epidemiology of overuse injuries in high
school athletes; however, the data used for these analyses
were collected before 2014. Researchers!*!* in 2 studies
used data from the HS-RIO database to examine overuse
injury rates in high school sports over 6- and 7-year periods
ending in 20112012 and 2012—2013, respectively. They
reported that overuse injury rates were higher among girls
than boys and greatest in girls’ track and field and girls’
cross-country; the lower extremity and lower leg were the
most commonly injured sites.'>'* However, these studies
included only time-loss (TL) overuse injuries, which were
defined as those resulting in the participant missing >1 day
of sport participation. Non—time-loss (NTL) injuries, which
were defined as those resulting in the participant missing
<1 day of sport participation, represented a significant
proportion of all sport-related injuries and were therefore
important to include in order to determine the total burden
of overuse injuries in high school athletics.!> The
NATION-SP reporting system, which was implemented
after those investigations, also included NTL injuries,
which may have better represented the total burden of
overuse injuries in high school sports.'> Additionally, the
lack of a consensus definition for overuse injury made
comparisons among various injury-surveillance systems
difficult.'®

Thus, the purpose of our study was to describe overuse
TL and NTL injury rates among high school student-
athletes using NATION-SP data collected over 5 consec-
utive school years (20142015 to 2018-2019). A secondary
purpose was to compare overuse injury rates based on the
sport sex (ie, whether it was a boys’ sport or a girls’ sport),
the sports themselves, and the injury location. We
hypothesized that total overuse rates would be greater in
girls’ sports than in boys’ sports and would differ between
injury types (TL versus NTL) and among injury locations.

METHODS
Participants

The NATION-SP project received approval from the
Western Institutional Review Board. The NATION-SP was
developed by the Datalys Center for Sports Injury Research
and Prevention, Inc (NATION, Datalys Center), and
implemented in 2011."7 Over the course of the 2014—
2015 through 20182019 school years, the NATION-SP
documented TL and NTL injuries from a total of 211 high
schools (345 individual years of high school data). We
examined 23 high school sports during preseason, regular
season, and postseason competitions and practices: 12
boys’ sports (baseball, basketball, cross-country, football,
ice hockey, lacrosse, soccer, swimming, tennis, track and
field, volleyball, and wrestling) and 11 girls’ sports
(basketball, cross-country, field hockey, gymnastics, la-
crosse, softball, soccer, swimming, tennis, track and field,
and volleyball).

Instrumentation

The NATION-SP relied on a convenience sample of US
high schools with access to athletic trainers (ATs) via a

rolling recruitment model.®> The ATs at participating
schools could be on staff either full time or part time, and
they volunteered to contribute data through electronic
medical records systems.”> Common data elements among
available systems were deidentified and sent to the Datalys
Center using secure data-transmission protocols.® A
reportable injury was defined as one that occurred as a
result of participation in an organized high school—
sanctioned athletic event for a school-sponsored sport and
required attention from an AT or physician, regardless of
time loss.> The ATs completed detailed reports on each
injury, including the type of injury, severity, mechanism,
and session type (practice or competition).®> Information
about each competition and practice was also recorded,
including the number of athletes participating.> The ATs
were able to view and update records over the course of an
academic year.> The NATION-SP was compliant with the
Health Insurance Portability and Accountability Act
(HIPAA) and the Federal Educational Rights and Privacy
Act (FERPA).> Complete methods and quality control
procedures have been described previously.?

Definitions

Athlete-Exposures. An athlete-exposure (AE) was
defined as 1 player’s participation in 1 high school—
sanctioned practice or competition.

Injuries. All injuries that occurred during a sanctioned
practice or competition and were evaluated by an AT,
physician, or other health care professional were included
in this study.®> A TL injury resulted in restriction from
participation beyond the day of injury; an NTL injury
either did not result in restriction from participation beyond
the day of injury or resulted in no lost time due to the
injury.?

Overuse Injuries. For the NATION-SP reporting
system, ATs were not instructed how to document
“overuse” and were not provided with a definition for
overuse injuries during their training. Therefore, as did
earlier authors,'>'® we defined overuse injuries as injuries
for which the mechanism was recorded by the AT as
overuse or gradual onset. We then used that definition to
include or exclude injuries that may not have been
accurately recorded as overuse due to the limitations of
the NATION reporting system. For example, to capture
overuse injuries that might have been missed due to this
singular inclusion criterion, we also included injuries that
listed no apparent contact as the injury mechanism and had
a chronic injury category (eg, arthritis, avascular necrosis,
bursitis, capsulitis, cartilage injury, chondromalacia, com-
partment syndrome, dislocation [chronic]), effusion, en-
trapment/impingement, exostosis, stress fracture,
inflammation, myositis ossificans, osteochondritis, sublux-
ation, synovitis, tendinosis, tendinitis, and tenosynovitis),
as had been reported previously.'? The primary investigator
(E.G.P.) manually checked the records of all injuries that
met these criteria for the diagnosis and basic mechanism.
We also manually reviewed all injuries with a mechanism
of overuse or gradual onset in order to remove those that
were clearly not overuse injuries: all joint sprains, muscle
tears, illnesses, general medical conditions, abrasions,
contusions, and concussions.
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Table 1.

Total and Sport Sex-Specific Overuse Injury Count and Athlete-Exposures

Overuse Injuries, No.

Injury Rate Per 10000 Athlete-Exposures (95% ClI)

Injury Rate Ratio,

Total AEs, NTL vs TL Injuries

Sport Total TL NTL No. Total TL NTL (95% ClI)
Total 1404 524 880 2617169 5.3(5.1,5.7) 2.0 (1.8,2.2) 3.4 (3.1, 3.6) 1.7 (1.5, 1.9)
Sports (B) 691 274 417 1692924 4.1 (3.8, 4.4) 1.6 (1.4,1.8) 25 (2.2,2.7) 1.5(1.3, 1.8)
Sports (G) 713 250 463 924245 7.7 (7.2, 8.3)2 2.7 (2.4,3.1)2 5.0 (4.6, 5.5)? 1.9 (1.6, 2.2)
Baseball (B) 59 23 36 133556 4.4 (3.4,5.7) 1.7 (1.1, 2.6) 2.7 (1.9, 3.7) 1.6 (0.9, 2.8)
Basketball (B) 96 36 60 317230 3.0 (2.5, 3.7) 1.1 (0.8, 1.6) 1.9 (1.4, 2.4) 1.7 (1.1, 2.6)
Basketball (G) 80 29 51 215244 3.7 (2.9, 4.6) 1.3 (0.9, 1.9) 2.4 (1.8, 3.1) 1.8 (1.1,2.9)
Cross-country (B) 54 20 34 52707 10.2 (7.7, 13.4) 3.8(2.3,5.9) 6.5 (4.5, 9.0) 1.7 (1.0, 3.1)
Cross-country (G) 71 30 41 37016 19.2 (15.0, 24.2) 8.1 (5.5, 11.6) 11.1 (8.0, 15.0) 1.4 (0.8, 2.3)
Football (B) 229 89 140 706 836 3.2 (2.8, 3.7) 1.3 (1.0, 1.5) 1.9 (1.7, 2.3) 1.6 (1.2,2.1)
Field hockey (G) 30 9 21 19844 15.1 (10.2, 21.6) 4.5 (2.1, 8.6) 10.6 (6.6, 16.2) 2.3 (1.0, 5.8)
Gymnastics (G) 1 0 1 2686 3.7 (0.1, 2.1) NA 3.7 (0.1, 2.1) -

Ice hockey (B) 3 1 2 9954 3.0 (0.6, 8.8) 1.0 (0.0, 5.6) 2.0 (0.2, 7.3) 2.0 (0.1, 117.9)
Lacrosse (B) 38 17 21 49246 7.7 (5.5, 10.6) 3.5 (2.0, 5.5) 4.3 (2.6, 6.5) 1.2 (0.6, 2.5)
Lacrosse (G) 117 40 77 119316 9.8 (8.1, 11.8) 3.4 (2.4, 4.6) 6.5 (5.1, 8.1) 1.9 (1.3, 2.9)
Softball (G) 63 25 38 87719 7.2 (5.5,9.2) 2.9(1.8,4.2) 4.3 (3.1,5.9) 1.5 (0.9, 2.6)
Soccer (B) 61 31 30 177 656 3.4 (2.6, 4.4) 1.7 (1.2, 2.5) 1.7 (1.1, 2.4) 0.9 (0.6, 1.6)
Soccer (G) 85 27 58 119045 7.1 (5.7, 8.8) 2.3 (1.5, 3.3) 4.9 (3.7, 6.3) 2.1 (1.3, 3.5)
Swimming (B) 5 0 5 8167 6.1 (2.0, 14.3) NA 6.1 (2.0, 14.3) -
Swimming (G) 12 4 8 15195 7.9 (4.1, 13.8) 2.6 (0.7, 6.7) 5.3 (2.3, 10.4) 2.0 (0.5,9.1)
Tennis (B) 2 0 2 7019 2.8 (0.3, 10.3) NA 2.8 (0.3, 10.3) -
Tennis (G) 4 2 2 18230 2.2 (0.6, 5.6) 1.1 (0.1, 3.9) 1.1 (0.1, 4.0) -

Track and field (B) 101 42 59 107204 9.4 (7.7, 11.4) 3.9 (2.8, 5.3) 55(4.2,7.1) 1.4 (0.9, 2.1)
Track and field (G) 149 65 84 93301 16.0 (13.5, 18.8) 7.0 (5.4, 8.9) 9.0 (7.2, 11.1) 1.3 (0.9, 1.8)
Volleyball (B) 3 1 2 10519 2.9 (0.6, 8.3) 1.0 (0.0, 5.3) 1.9 (0.2, 6.9) 2.0 (0.1, 117.9)
Volleyball (G) 101 19 82 196 649 5.1 (4.2, 6.2) 1.0 (0.6, 1.5) 4.2 (3.3,5.2) 4.3 (2.5, 7.5)
Wrestling (B) 40 14 26 112830 3.5 (2.5, 4.8) 1.2 (0.7, 2.1) 2.3 (1.5, 3.4) 1.8 (0.9, 3.8)

Abbreviations: B, boys; G, girls; NA, not applicable; NTL, non-time loss; TL, time loss.

a Different between girls’ and boys’ sports (P < .05).

Statistical Analysis

Injury rates and corresponding 95% CI were calculated
for overuse injuries using the formula (number of overuse
injuries/number of AEs) X 10 000. Injury rates overall were
initially calculated by sport sex (ie, boys’ sport or girls’
sport) and by TL or NTL category. After this primary
analysis, we examined injury rates over time (20142015,
2015-2016, 20162017, 2017-2018, and 2018-2019) for
boys’ and girls’ sports. We classified the overuse injuries
into 3 body region categories: lower extremity (LE), upper
extremity (UE), and trunk and spine (TS). For these
categories, we calculated the total overuse injury rate by
sport sex and TL or NTL category. Additionally, injury rate
ratios (IRRs) with 95% ClIs were calculated for main
comparisons of interest (boys’ versus girls’ sports, TL
versus NTL). Frequencies were then calculated for the top 3
body parts and specific injury diagnoses for the main
comparisons (boys’ versus girls’ sports, TL versus NTL,
body region). All analyses were performed using SAS
Enterprise Guide software (version 4.3; SAS Institute).

RESULTS
Comparison of Boys’ and Girls’ Sports

The total number of overuse injuries, total AEs, and
overuse injury rates (total, TL, and NTL) with 95% Cls are
provided in Table 1 for the overall sample and separately
for each boys’ and girls’ sport. The total overuse injury rate
was 5.3/10000 AEs (95% CI=15.1, 5.7) and was greater in
girls’ compared with boys’ sports (girls = 7.7/10 000 AEs;
95% CI=17.2, 8.3 versus boys =4.1/10000 AEs; 95% CI =

3.8, 4.4; IRR = 1.9; 95% CI = 1.7, 2.1). Similarly, injury
rates were greater in girls’ than in boys’ sports for both TL
(IRR=1.7; 95% Cl = 1.4, 2.0) and NTL (IRR =2.0; 95%
CI = 1.8, 2.3) overuse injuries.

The most frequent body parts injured and specific injury
diagnoses by sport sex and TL are presented in Table 2. For
both boys’ and girls’ sports, the 2 most common body parts
injured were the lower leg (boys = 24.9%, girls = 31.7%),
followed by the knee (boys = 20.5%, girls =20.1%). The 2
most common specific diagnoses were also identical
between boys’ and girls’ sports, with medial tibial stress
syndrome the most frequently reported diagnosis (boys =
10.1%, girls = 18.0%), followed by patellar tendinitis (boys
=9.1%, girls = 8.3%).

Comparison of TL and NTL Injuries

For the overall sample, the NTL overuse injury rate was
greater than the TL injury rate (NTL = 3.4/10000 AEs;
95% CI =3.1, 3.6 versus TL =2.0/10000 AEs; 95% CI =
1.8,2.2; IRR=1.7; 95% CI = 1.5, 1.9). Similarly, the NTL
overuse injury rate was greater than the TL injury rate both
for girls’ sports overall (IRR =1.9; 95% CI=1.6, 2.2) and
for boys’ sports overall (IRR = 1.5; 95% CI = 1.3, 1.8).

The highest rates of overuse injury, regardless of sport
sex, were reported in girls’ cross-country (19.2/10 000 AEs;
95% CI = 15.0, 24.2), girls’ track and field (16.0/10 000
AEs; 95% CI = 13.5, 18.8), and girls’ field hockey (15.1/
10000 AEs; 95% CI = 10.2, 21.6; Table 1). Among boys’
sports, the overuse injury rate was greatest in cross-country
(10.2/10 000 AEs; 95% CI1=17.7, 13.4), track and field (9.4/
10000 AEs; 95% CI =17.7, 11.4), and lacrosse (7.7/10 000
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Table 2. Most Frequent Body Parts Injured and Specific Injury Diagnoses

Recurrence, Frequency, No. (%)

Injuries (Total) Most Frequent

Second Most Frequent

Third Most Frequent

Body part
Girls (713) Lower leg = 226 (31.7)
Boys (691) Lower leg = 172 (24.9)

Time loss (524)

Non—time loss (880)
Specific diagnosis

Girls (713)

Boys (691)

(

(
Lower leg = 140 (26.7)
Lower leg = 262 (29.8)

MTSS = 128 (18.0)
MTSS = 70 (10.1)
Time loss (524) PFPS = 64 (12.2)
Non-time loss (880) MTSS = 164 (18.6)
Specific lower extremity diagnosis

Girls (573) MTSS = 128 (22.3)

Boys (517) MTSS = 70 (13.5)
Specific upper extremity diagnosis

Girls (85) Rotator cuff tendinitis = 21 (24.7)

Boys (106) Rotator cuff tendinitis = 24 (22.6)
Specific trunk or spine diagnosis

Girls (55) Low back pain® = 23 (41.8)

Boys (68) Low back pain® = 22 (32.3)

Knee = 143 (20.1)
Knee = 142 (20.5)
Knee = 95 (18.1)

Knee = 194 (22.0)

Patellar tendinitis = 59 (8.3)
Patellar tendinitis = 63 (9.1)
Achilles tendinitis = 38 (7.3)
Patellar tendinitis = 114 (12.9)

Patellar tendinitis = 59 (10.3)
Patellar tendinitis = 63 (12.2)

Shoulder impingement = 12 (14.1)
Biceps tendinitis = 13 (12.2)

Sacroiliac dysfunction = 10 (18.2)
Paralumbar muscle strain = 13 (19.1)

Thigh = 83 (11.6)
Shoulder = 77 (11.1)
Thigh = 84 (16.0)
Shoulder = 102 (11.6)

PFPS = 33 (4.6)
Rotator cuff tendinitis = 30 (4.3)
MTSS = 34 (6.4)
Rotator cuff tendinitis = 30 (3.4)

PFPS = 33 (5.8)
Achilles tendinitis = 30 (5.8)

Multidirectional instability = 8 (9.4)
Shoulder impingement = 10 (9.4)

Paralumbar muscle strain = 10 (18.2)
Pars stress fracture or reaction = 6 (8.8)

Abbreviations: MTSS, medial tibial stress syndrome (shin splints); NTL, non—time loss; PFPS, patellofemoral pain syndrome; TL, time loss.

@ Nonspecific or mechanical.

AEs; 95% CI=5.5,10.6; Table 1). The NTL overuse injury
rate was greater than the TL overuse injury rate in boys’
and girls’ basketball, boys’ cross-country, boys’ football,
girls’ field hockey, girls’ lacrosse, girls’ soccer, and girls’
volleyball. It is important to note that no sport demonstrated
a TL overuse injury rate that was greater than the NTL
overuse injury rate (Table 1).

The 3 most common body parts sustaining TL injuries
were the lower leg (26.7%), knee (18.1%), and thigh
(16.0%; Table 2). The 3 most frequent body parts
sustaining NTL injuries were nearly identical, with the
lower leg most common (29.8%), followed by the knee
(22.0%), and then the shoulder (11.6%). For TL injuries,
patellofemoral pain syndrome was the most frequent
specific diagnosis (12.2%), followed by Achilles tendinitis
(7.3%) and medial tibial stress syndrome (6.4%). For NTL
injuries, medial tibial stress syndrome was the most
common specific diagnosis (18.6%), followed by patellar
tendinitis (12.9%) and rotator cuff tendinitis (3.4%).

Comparison of Body Regions

Overuse injury rates (total and by sport sex) by body
region are presented in Table 3. Overall, overuse injury
rates were highest for the LE compared with the UE and TS
(LE =4.2/10000 AEs; 95% CI =3.9, 4.4 versus UE = 0.8/
10000 AEs; 95% CI = 0.6, 0.8; IRR =5.7; 95% CI =4.9,
6.7 and LE =4.2/10000 AEs; 95% CI =3.9, 4.4 versus TS
=0.5/10000 AEs; 95% CI=0.4, 0.6; IRR =8.9, 95% Cl =
7.3, 10.8), respectively. Additionally, the overuse injury
rate was higher for UE than TS (UE=0.8/10 000 AEs; 95%
CI = 0.6, 0.8 versus TS = 0.5/10000 AEs; 95% CI = 0.4,
0.6; IRR = 1.6; 95% CI = 1.2, 2.0). Total overuse injury
rates were greater in girls’ sports compared with boys’
sports for LE (IRR = 2.0; 95% CI = 1.8, 2.3), UE (IRR =
1.5;95% CI=1.1, 1.9), and TS (IRR = 1.5; 95% CI = 1.1,
2.1) injuries. The NTL overuse injury rate was greater than
the TL injury rate for LE (IRR = 1.4; 95% CI = 1.3, 1.6),

UE (IRR=3.5;95% CI=2.5,5.1), and TS (IRR =2.5; 95%
CI=1.7, 3.8) injuries.

The 2 most common specific LE diagnoses were identical
for boys’ and girls’ sports: medial tibial stress syndrome
(boys = 13.5%, girls = 22.3%), followed by patellar
tendinitis (boys = 12.2%, girls = 10.3%). For the UE,
rotator cuff tendinitis was the most frequent diagnosis for
both boys’ (22.6%) and girls’ (24.7%) sports. Finally,
nonspecific low back pain was the most common specific
TS diagnosis for both boys’ (32.3%) and girls’ (41.8%)
sports.

DISCUSSION

Our findings provide important information regarding
how overuse injuries affect high school-aged athletes in
both boys’ and girls’ sports. Consistent with previous
results, greater overuse injury rates were observed in girls’
sports compared with boys’ sports. The LE was more
consistently affected than the UE and TS. Lastly, the sports
most affected by overuse injuries were cross-country, track
and field, field hockey, and lacrosse. Understanding the
scope of overuse injuries and how they affect players is
critical to preventing these injuries among high school
athletes.

To our knowledge, this is the first research examining
overuse injury rates in the high school sport setting using
the most recent available injury-surveillance data (2014—
2015 through 2018-2019) that includes both TL and NTL
injuries. Among the high school athletes in this study, both
the TL overuse injury rate (2.0 per 10000 AEs) and the
NTL overuse injury rate (3.4 per 10000 AEs) were greater
than rates reported in earlier investigations'>!'* of TL
injuries only. Using HS-RIO data, which consists of only
TL injuries, both Roos et al'* and Schroeder et al'* assessed
overuse injury rates in high school sports over a 6- to 7-year
year time period ending in 2012 and 2013 and noted rates
of 1.64 per 10000 AEs and 1.50 per 10000 AEs,
respectively. These rates are similar to the TL overuse
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Table 3. Total and Sport Sex Overuse Injury Rates by Body Region

Injury Rate Per 10000 Athlete-Exposures (95% ClI)

Injury Rate Ratio:
Non—Time-Loss vs

Time-Loss Injuries

Body Region Total Time Loss Non-Time Loss (95% ClI)
Lower extremity
Total 4.2 (3.9, 4.4)a0 1.7 (1.6, 1.9) 25 (2.3,2.7) 1.4 (1.3, 1.6)
Girls 6.2 (5.7, 6.7)° 25 (2.2,2.8) 3.7 (3.3, 4.1) 1.5 (1.3, 1.8)
Boys 3.1 (3.0, 3.3) 1.3(1.1,1.5) 1.8 (1.6, 2.0) 1.4(1.1,1.6)
Upper extremity
Total 0.8 (0.6, 0.8) 0.2 (0.1, 0.3) 0.6 (0.5, 0.7) 3.5 (2.5, 5.1)
Girls 0.9 (0.7, 1.4)° 0.1 (0.01, 0.2) 0.8 (0.6, 1.0) 7.5 (3.9, 16.3)
Boys 0.6 (0.5, 0.8) 0.2 (0.1, 0.3) 0.4 (0.3, 0.5) 2.3 (1.5, 3.6)
Trunk or spine
Total 0.5 (0.4, 0.6) 0.2 (0.01, 0.3) 0.3 (0.2, 0.4) 25 (1.7, 3.8)
Girls 0.6 (0.4, 0.8)° 0.1 (0.01, 0.2) 0.5 (0.3, 0.6) 4.0 (2.0, 8.6)
Boys 0.4 (0.3, 0.5) 0.1 (0.01, 0.2) 0.3 (0.2, 0.4) 1.8(1.1,3.2)

a Difference between the lower extremity and upper extremity (P < .05).
b Difference between the lower extremity and trunk or spine (P < .05).

¢ Difference between girls’ and boys’ sports (P < .05).

injury rate we captured but much lower than the total
overuse injury rate, which includes NTL injuries. This
suggests that NTL overuse injuries may be more prevalent
in this population, which has not been identified previously.

We believe several explanations are possible for the
different overuse injury rates observed between our study
and the earlier research. First, the lack of a consensus
definition makes overuse injuries difficult to capture
accurately. Our definition may have included more injuries
than previous studies due to differences in how overuse
injuries were defined and reported in different injury-
surveillance systems. For example, we included injuries
that listed no apparent contact as the mechanism and had a
specific diagnosis that was chronic in nature but excluded
injuries reported as overuse that were clearly not overuse.
Second, in contrast to earlier authors, we included both TL
and NTL injuries, which may explain our increased overuse
injury rate. Therefore, the different injury definitions and
data-collection procedures between our study and the
previous research makes it difficult to compare “apples
with apples” and highlights the need for greater consensus
regarding documentation of overuse injuries.

Our overuse injury rate in our research was greater
among girls (7.7/10000 AEs) compared with boys (4.1/
10000 AEs), for an IRR of 1.9. This finding agrees with
consistent results at the high school and collegiate level that
overuse injury rates were greater in female sports compared
with male sports, even when only sex-matched sports were
examined.'>'* Girls were also more likely than boys to
have higher rates of certain overuse injuries, such as
anterior knee pain.'® We determined that overuse injury
rates specifically of the LE were 2 times greater in girls’
sports than in boys’ sports (IRR =2.0). Potential reasons for
these differences may include training volume, sport
specialization practices, and biomechanics.'® ! For exam-
ple, a number of authors have described increased rates of
sport specialization among female athletes versus male
athletes,”*** and sport specialization has been identified as
a risk factor for overuse injury.>* However, the causes of
these injuries are most likely multifactorial.

Similar to earlier investigators, the highest rates of
overuse injuries in our data were among cross-country,

track and field, and field hockey athletes. Roos et al'
observed that cross-country and track and field were the
sports with the highest rates of overuse injury, in both
collegiate and high school athletes. Similarly, Schroeder et
al'* noted that girls’ track and field and field hockey had the
greatest overuse injury rates in high school student-athletes.
We also found that the LE was the most common site of
overuse injuries compared with the UE and TS, which was
similar to the results of Roos et al'* and Schroeder et al.'*
For example, Schroeder et al'* reported that 69.5% of all
overuse injuries were LE injuries, compared with only
14.3% to the UE and 10.7% to the low back/spine/pelvis.
Taken together, these outcomes suggest that sports with a
highly repetitive and lower extremity—specific movement
profile present a greater risk for overuse injury.

Several recommendations to reduce the risk of overuse
injuries among youth athletes have been developed as a
result of growing concern regarding the association of early
sport specialization and increased overuse injury.?>2° These
include not participating in a single sport for >8 months
during the year, on multiple teams at the same time, or in a
single sport for more hours per week than the athlete’s
age.?>?® However, approximately 80% of coaches and
parents indicated no awareness of any of these recommen-
dations.?’*® We suggest that dissemination of these
recommendations should be targeted at the specific sports
that place athletes at greater risk of overuse injury,
particularly girls’ cross-country, girls’ track and field, girls’
field hockey, boys’ cross-country, boys’ track and field, and
boys’ lacrosse. Athlete education regarding the risks of
excessive and repetitive sport volume with the goal of
reducing overuse injury rates may be beneficial for these
athletes due to their increased overuse injury risk
profile.?%-3

Our study had several limitations. First, as mentioned
previously, overuse injuries are difficult to capture
accurately due to the lack of a consensus definition.'¢-!
As an example, for the NATION-SP, ATs are not instructed
how to document overuse, and the term is not defined
during training. This limitation required us to include or
exclude injuries based on their mechanism and also based
on our mechanism and injury diagnosis. For instance, we
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chose to categorize certain diagnoses (such as subluxation)
that were accompanied by a mechanism of no apparent
contact as overuse injuries. Differences in data-collection
procedures among injury-surveillance programs make it
difficult to compare results with previous research on the
topic and highlight the importance of developing consensus
regarding the documentation of overuse injuries. Addition-
ally, the database used to capture these injuries requires that
injuries be reported to the AT for entry in the system.
Therefore, it is possible that only the most severe overuse
injuries were reported to ATs and a proportion of overuse
injuries might have been missed. However, both TL and
NTL injuries are documented in NATION-SP, and we
examined both in order to fully capture the burden of
overuse injuries in high school athletics. Secondary school
ATs who did not track injuries or did not provide
rehabilitative services were not included. The NATION-
SP relies on a convenience sample of ATs. Thus, our
findings may not be generalizable to schools without access
to an AT or to all US high school athletes. Nonetheless,
these large networks serve as a valuable resource for
exploring trends over time.

CONCLUSIONS

Using NATION-SP data collected over 5 consecutive
school years (20142015 through 2018-2019), we found
that NTL overuse injuries represented a significant burden
of the total overuse injury rates observed among high
school athletes. Overuse injury rates were greater in female
athletes compared with male athletes and for the lower
extremity compared with the upper extremity and were
greatest in girls’ cross-country, girls’ track and field, girls’
field hockey, and boys’ lacrosse. Awareness of the overuse
injury risk among all stakeholders in the athletic health care
team is important for reducing injury rates. Additionally,
injury-prevention and -intervention recommendations are
needed and should be specifically targeted at cross-country,
track and field, and field hockey athletes.
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