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Context: Exploring sports-related musculoskeletal injuries and
treatment characteristics in middle school sports may help inform
patient care decisions such as appropriate medical coverage.

Objective: To describe injury and treatment characteristics
of middle school–aged athletes receiving care from athletic train-
ers within the Athletic Training Practice-Based Research Network
(AT-PBRN).

Design: Descriptive study.
Setting: Middle school.
Patient or Other Participants: Middle school–aged ath-

letes (n ¼ 1011; male ¼ 503, female ¼ 506, 2 declined to
answer) with sports-related musculoskeletal injuries.

Main Outcome Measures: Electronic patient records were
analyzed from the AT-PBRN from 59 athletic trainers across 14
states between 2010 and 2022. Summary statistics (frequency,
percentages, median, and interquartile ranges [IQR]) were used
to describe injury (age at injury, sex, sport, body part, and diag-
nosis) and treatment characteristics (type of treatment, number of
visits, and number of procedures per visit).

Results: Football (17.7%, n ¼ 179), basketball (17.6%, n ¼
178), and soccer (14.9%, n ¼ 151) reported the highest number
of injuries. The ankle (17.2%, n ¼ 174), knee (16.5%, n ¼ 167),

and head (14.1%, n ¼ 143) were the most common injury loca-
tions. Concussion (13.0%, n ¼ 131), ankle strain/sprain
(12.4%, n ¼ 125), and thigh/hip/groin sprain/strain (11.1%,
n ¼ 112) were the most reported diagnoses. Therapeutic exer-
cise or activities (27.6%, n ¼ 1068), athletic trainer evaluation
or re-evaluation (24.7%, n ¼ 957), and hot/cold packs (19.8%,
n ¼ 766) were the most common services, with a median of
2 visits (IQR ¼ 1 to 4) and 2 procedures (IQR ¼ 1 to 2) per visit.

Conclusions: Football, basketball, and soccer reported the
most musculoskeletal injuries for middle school-aged athletes.
Concussions were the most frequent diagnosis, followed by ankle
sprains/strains. Our findings are similar to prior investigations at
the high school and collegiate levels. Treatments at the middle
school level were also similar to those that have been previously
reported at the high school level with therapeutic exercise/activity,
athletic trainer evaluation or re-evaluation, and hot/cold packs
being the most common treatments. This information may be use-
ful for informing patient care decisions at the middle-school level.

Key Words: medical coverage, musculoskeletal injuries,
youth athlete

Key Points

• Football, basketball, and soccer had the highest number of injuries with concussions, ankle sprains/strains, and thigh/
hip/groin sprains/strains being the highest reported injury diagnoses.

• Treatment patterns in middle school athletes were similar to prior reports for high school athletes, with therapeutic
exercise/activities, athletic trainer evaluation or re-evaluation, and hot/cold packs being the most common forms of
treatment.

Sport participation is popular among children, and more
than 26 million children in the United States participated
in an individual or team sport in 2019.1 Athletic activi-

ties have become increasingly rigorous over time, and youth
athletes are expected to begin training and participating in their
sport of choice at an early age, typically between the ages of
11 and 14.2 Although sport participation offers many benefits,
such as increased physical activity levels, social development,
improved self-image, and personal enjoyment, there is also an

increased risk for injury due to rapid growth and maturation
of the musculoskeletal system during adolescent years.2–5

Injury during this period may have long-term health con-
sequences that extend into adulthood and result in repetitive
injury, pain, and dysfunction.6 Understanding sport-related
musculoskeletal injuries and treatment characteristics in this
setting may help in identifying necessary medical coverage,
which has been an important topic within the sports medicine
community in the secondary school and collegiate settings.7
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Despite the importance of this topic, few studies have been
conducted assessing injuries at the middle school level.
Existing research has primarily focused on specific injuries,
a specific sport, or 1 sex or only included data from a single
school. One study of middle school athletic injuries from a
single school found that football accounted for the highest
injury rate for all injuries, followed by girls’ track, girls’
cross-country, and boys’ wrestling.8 The most common injury
locations were the ankle, knee, thigh, shin/calf, and wrist/
hand/finger, with strains, sprains, and tendinitis being the
most common injury types.8 This study provides the most
comprehensive injury data to date in middle school athletes
across multiple sports; however, this study may not be gener-
alizable as it contains information from only 1 school.
Several other studies conducted on injury in middle school

athletes focus on a single sport or a specific injury. In a study
assessing cross-country athletes, girls had a higher prevalence
of injury than boys, with the most common injuries being
ankle sprain, patellofemoral pain, and medial tibial stress syn-
drome, whereas boys more frequently reported plantar fascii-
tis, Osgood-Schlatter disease, and iliotibial band syndrome.9

In middle school girls’ basketball, soccer, and volleyball ath-
letes, the knee was the most commonly injured body part,
with patellofemoral pain, Osgood-Schlatter disease, and patel-
lar tendinosis being the most commonly diagnosed injuries.10

In elite youth soccer players, a systematic review revealed
that the ankle, knee, and groin were the most commonly
injured locations, with sprains, strains, and contusions being
the most common injury types.11 Across these sports, it appears
that injury to the lower extremity tends to be the most
common.9–11 When considering upper extremity injuries,
a recent systematic review of youth sport-related shoul-
der injuries demonstrated that baseball was the sport
with the highest injury rate for the shoulder.12 Although
these studies enhance our knowledge of sport-related injury
in middle school-aged athletes, no information was available
on treatments provided to the injured athletes. There has
been limited exploration involving a comprehensive range
of sports, injuries, and treatments for athletes at this level,
although several studies exist at the high school and colle-
giate levels.
A variety of epidemiological studies involving multiple

sports have been conducted in the high school and colle-
giate athletic settings that may provide insight for injuries at
the middle school level.13–18 In high school and collegiate ath-
letics, football has been reported to have the highest injury
rate.14,16–18 The most common injuries at the high school and
collegiate level are sprains or strains to the lower extremity
and concussions.13,14,16–18 Female athletes at both levels report
a greater amount of overuse injuries than their male counter-
parts.14,15,18 Although there are many similar injury findings
between high school and collegiate sports, the rate of overuse
injuries is over 3 times higher in collegiate athletes than in
high school athletes, and these injuries typically result in
more time loss and increased surgical intervention.15 These
similarities and differences between high school and colle-
giate settings justify further exploration into injury character-
istics in the middle school setting as each setting is unique.
Investigations into injury characteristics often exclude

information about treatments and tasks carried out by ath-
letic training or sports medicine staff. Information about
injury assessment, treatment, and management are all essen-
tial components for determining appropriate medical coverage

for athletes at any level.7 Within the middle school population,
no study has comprehensively examined a diverse range of
sports, injuries, and treatments administered. Addressing this
gap in the literature is essential to better inform injury preven-
tion and treatment strategies in this age group. Therefore, the
objective of this study was to describe the injury and treat-
ment characteristics of middle school-aged patients receiving
care reported by athletic trainers within the Athletic Training
Practice-Based Research Network (AT-PBRN).

METHODS

Design

This was a retrospective analysis of patient data collected
via electronic medical records (EMRs) within the AT-PBRN.
Clinical data were recorded within the AT-PBRN, which has
been previously described in the literature.19 Patient records
were completed by 59 athletic trainers (sex: male ¼ 23,
female ¼ 36; years certified ¼ 4.9 6 9.4; years employed at
site ¼ 2.3 6 5.1) practicing in 36 athletic training clinics
(middle school/high school grades combined ¼ 17; prepara-
tory ¼ 9; middle school ¼ 4; sports medicine clinic ¼ 2;
sports walk-in clinic ¼ 1; performance clinic ¼ 1) across
14 states that represented the West (n ¼ 17), Midwest (n ¼
8), Northeast (n ¼ 6), and South (n ¼ 3) regions of the
United States, as classified by the US Census Bureau between
2010 and 2022.20 This study was approved by the university’s
institutional review board.

Patients

Patients were middle school-aged athletes under the care
of an athletic trainer within the AT-PBRN. Middle school
was considered to be the intermediate school between elemen-
tary and high school, which typically includes grades 6 to 8
and children between the ages of 10 and 13. This age range
was selected because some schools included within the AT-
PBRN are combined middle school/high school settings, and
information about grade level was unavailable. This age range
is reflective of other studies involving middle school ath-
letes.9,21 To be included in the current study, patients met the
following criteria: aged 10 to 13 years, experienced an injury
or condition that was diagnosed by an athletic trainer or pri-
mary care physician, and visited the athletic training clinic
for an athletic training service (eg, evaluation, ice/heat,
and therapeutic exercises). All athletes were diagnosed
with a sport-related injury or condition by either an athletic
trainer or primary care physician.

Procedures

Data were collected using a web-based EMR service by
an athletic trainer. We followed data extraction procedures
previously described by Marshall et al to ensure data quality
and integrity.22 Patient cases were extracted and reviewed by a
member of the AT-PBRN team. For this study, we first identi-
fied patient cases by identifying patients who reported their age
as between 10 and 13 years at intake. We then used the unique
injury identification number associated with each patient case
to identify and extract the remaining variables.
For our study, we obtained data from various forms in the

EMR. We extracted variables related to patient characteristics
from the demographics form, which included sex, type of
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sport, activity during injury (ie, practice and competition),
and injury diagnosis (using International Classification of
Disease [ICD] diagnostic codes).22,23 The study period included
the transition period from version 9 to version 10 of the ICD
coding system, which occurred in 2015. During this transition,
ICD codes were cross-referenced between the 2 coding ver-
sions in the EMR. Therefore, we presented the ICD codes as
version 10. In cases where data were similar or fell under
the same category code, the data were combined. For
example, ICD-10 codes for concussion included the following:
S06.0X0XA-concussion, S06.0X9A-concussion with loss of
consciousness, and S06.0X0A-concussion mental confusion
without loss of consciousness.
We extracted treatment-related variables from the evalu-

ation and discharge forms in the EMR.22,23 These variables
included the type of service (identified by Current Proce-
dural Terminology [CPT] codes), amount of care (number
of visits and number of services per visit), and duration of
care (number of days between intake and discharge). A service
refers to any type of care provided and categorized according
to a CPT code. On the other hand, a visit was defined as 1
encounter at the athletic training clinic. We calculated the num-
ber of visits (sum of visits divided by the sum of patient cases)
and number of services per visit (sum of services divided by
the sum of visits) based on calculations reported in previous
studies.16,22–26 In cases where data were similar or fell under the
same category code, the data were combined. For example,
therapeutic exercise (CPT code 97110) and therapeutic activ-
ities (CPT code 97530) were combined.

Instrumentation

The CORE-AT EMR (www.core-at.com) is a patient docu-
mentation system that adheres to the guidance of the Health
Insurance Portability and Accountability Act of 1996. It is a
web-based system and incorporates standard documentation
forms, patient-oriented outcome forms, and an injury surveil-
lance feature. Detailed information about the features and
functions of CORE-AT EMR has been reported in previous
research.19,27,28

Statistical Analysis

Descriptive statistics (frequency, percentages, median, and
interquartile ranges [IQRs]) were used to describe injury (age
at injury, sex, sport, body part, and diagnosis) and treatment
characteristics (type of treatment, number of visits, and number
of procedures per visit). Diagnosis and type of treatment were
recorded, respectively, using the ICD-10 and CPT codes. All
analyses were conducted using SPSS (version 27; IBM Corp).

RESULTS

Injury Characteristics

A total of 1011 middle school-aged athletes reported muscu-
loskeletal injuries (Table 1), with a total of 121 different injuries
and illnesses being reported (see Supplemental Table, available
online at https://dx.doi.org/10.4085/1062-6050-0359.23.S1). Of
the athletes, 506 were female, 503 were male, and 2 declined to
answer. Football (17.7%, n ¼ 179), basketball (17.6%, n ¼
178), and soccer (14.9%, n ¼ 151) reported the highest num-
ber of injuries (Table 2). Injuries occurred most frequently
during practice (52.7%, n ¼ 533), followed by games (25.8%,
n ¼ 261), nonsport injuries (17.3%, n ¼ 175), and condition-
ing injuries (4.2%, n ¼ 42). The most common sites of injury
were the ankle (17.2%, n ¼ 174), knee (16.5%, n ¼ 167), and
head (14.1%, n¼ 143; Table 3). Among specific injury classi-
fications, concussion (13.0%, n ¼ 131), ankle strain/sprain
(12.4%, n ¼ 125), and sprain/strain of the thigh/hip/groin
(11.1%, n = 112) were the most reported diagnoses (Table 4).

Treatment Characteristics

A total of 3870 treatments were recorded. All treatments
were performed by a licensed/certified athletic trainer. The
most common treatments provided were therapeutic exercise
or activities (27.6%, n ¼ 1068), followed by athletic trainer
evaluation or re-evaluation (24.7%, n ¼ 957), hot or cold
packs (19.8%, n ¼ 766), and manual therapy techniques
(9.5%, n ¼ 369; Table 5). The sports that reported for
treatments the most were soccer (24.1%, n ¼ 931), basketball
(18.9%, n ¼ 731), and volleyball (14.0%, n ¼ 540; Table 6).
Across all injuries, patients attended a median of 2 visits (IQR¼
1 to 4; range, 1 to 5). The median number of procedures per
visit was 2 (IQR ¼ 1 to 2; range, 1 to 2).

DISCUSSION

Our findings for injury characteristics were similar to
those from prior reports at various athletic levels; however,

Table 1. Participant Age and Sex

Total, n (%)

Age, y

10 45 (4.5)

11 135 (13.4)

12 273 (27.0)

13 558 (55.2)

Sex

Female 506 (50.0)

Male 503 (49.8)

Decline to answer 2 (0.2)

Total 1011

Table 2. Sport in Which Injury Occurred

Sport Male, n (%) Female, n (%) Total, N (%)

Football 175 (34.8) 4 (0.8) 179 (17.7)

Basketball 91 (18.1) 87 (17.2) 178 (17.6)

Soccer 51 (10.1) 100 (19.8) 151 (14.9)

Volleyball 5 (1.0) 126 (24.9) 131 (13.0)

Tracka 39 (7.8) 66 (13.0) 106 (10.5)

Cross-country 33 (6.6) 34 (6.7) 67 (6.6)

Wrestling 61 (12.1) 5 (1.0) 66 (6.5)

Other 23 (4.6) 13 (2.6) 36 (3.6)

Softball 1 (0.2) 21 (4.2) 22 (2.2)

Cheerleading 0 (0.0) 19 (3.8) 19 (1.9)

Baseball 16 (3.2) 1 (0.2) 17 (1.7)

Field hockey 1 (0.2) 14 (2.8) 15 (1.5)

Swimminga 2 (0.4) 6 (1.2) 9 (0.9)

Lacrosse 2 (0.4) 2 (0.4) 4 (0.4)

Hockey 0 (0.0) 3 (0.6) 3 (0.3)

Recreational athlete 2 (0.4) 1 (0.2) 3 (0.3)

Tennis 0 (0.0) 3 (0.6) 3 (0.3)

Gymnastics 1 (0.2) 1 (0.2) 2 (0.2)

Total 503 506 1011

a Indicates that an injury occurred in that sport, but the athlete declined
to report their sex.
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our study adds new information about treatments and ser-
vices provided by athletic trainers for athletes in the middle
school setting. The sports with the highest number of reported
injuries were football, basketball, and soccer, with concus-
sions and lower extremity injuries being the most common.
The most frequent treatments for these injuries were therapeu-
tic exercises or activities, athletic trainer evaluation or re-
evaluation, and hot or cold packs. This information may be
beneficial for determining the allocation of resources for ath-
letic trainers and school administrators involved in decision-
making regarding medical coverage for athletics in the middle
school setting.
Football, basketball, and soccer accounted for the highest

number of injuries reported in our study. Football is commonly
reported to have the highest injury rate among studies at the
middle school, high school, and collegiate levels.8,14,16–18 When
separated into boys’ and girls’ sports, male athletes reported the
highest number of injuries in football (34.8%), basketball
(18.1%), wrestling (12.1%), and soccer (10.1%), whereas

female athletes reported the highest number of injuries in
volleyball (25.1%), soccer (19.7%), and basketball (17.2%).
Similar results are reported at the high school level, with
football (58.6%), wrestling (8%), and soccer (7.2%) account-
ing for the most injuries in boys’ sports and soccer (21.1%),
basketball (18.1%), and volleyball (14.3%) accounting for the
most injuries in girls’ sports.16 Although there are increased
risks for injury when participating in contact sports, such as
football, basketball, soccer, and wrestling, high school athletes
participating in contact sports have reported fewer symptoms
of anxiety and depression than those participating in limited-
or no-contact sports.29,30 Athletes and parents should weigh
the risks and benefits before sport participation and determine
the best fit for each individual athlete.

Table 3. Injury Location

Body Part Male, n (%) Female, n (%) Total, N (%)

Ankle 76 (15.1) 98 (19.4) 174 (17.2)

Knee 83 (16.5) 84 (16.6) 167 (16.5)

Head 87 (17.3) 56 (11.1) 143 (14.1)

Back 28 (5.6) 31 (6.1) 59 (5.8)

Foot 24 (4.8) 34 (6.7) 58 (5.7)

General medical 24 (6.8) 23 (4.5) 57 (5.6)

Shoulder 26 (5.2) 29 (5.7) 55 (5.4)

Thigha 24 (4.8) 29 (5.7) 54 (5.3)

Calfa 20 (4.0) 32 (6.3) 53 (5.2)

Hip 24 (4.8) 27 (5.3) 51 (5.0)

Finger 12 (2.4) 15 (3.0) 27 (2.7)

Wrist 15 (3.0) 12 (2.4) 27 (2.7)

Thumb 8 (1.6) 11 (2.2) 19 (1.9)

Elbow 12 (2.4) 5 (1.0) 17 (1.7)

Chest 4 (0.8) 6 (1.2) 10 (1.0)

Hand 7 (1.4) 3 (0.6) 10 (1.0)

Forearm 6 (1.2) 3 (0.6) 9 (0.9)

Neck 6 (1.2) 3 (0.6) 9 (0.9)

Toe 5 (1.0) 1 (0.2) 6 (0.6)

Trunk 2 (0.4) 3 (0.6) 5 (0.5)

Upper arm 0 (0.0) 1 (0.2) 1 (0.1)

Total 503 506 1011

a Indicates that an injury occurred in that sport, but the athlete declined
to report their sex.

Table 4. Most Common Injury Diagnoses

Diagnosis ICD-10 Code(s)

Total,

n (%)

Concussion S06.0X0XA, S06.0X9A, S06.0X0A 131 (13.0)

Ankle sprain/strain S93.401A, S93.429A, S93.439A 125 (12.4)

Thigh/hip/groin sprain/

strain

S73.109A, S76.119A, S83.90XA 112 (11.1)

Patellar tendonitis M76.50 42 (4.2)

Knee pain M25.569 35 (3.5)

Back sprain/strain S23.9XXA, S33.8XXA, S33.6XXA 29 (1.9)

Hand/finger sprain/strain S63.90XA 27 (2.7)

Knee contusion S80.00XA 21 (2.1)

Foot sprain/strain S96.919A 20 (2.0)

Foot contusion S90.30XA 18 (1.8)

Low back pain M54.5 18 (1.8)

Abbreviation: ICD, International Classification of Disease.

Table 5. Treatment Procedure and Frequency

Procedure Name CPT Codes

Total,

n (%)

Therapeutic exercise or activities 97110, 97530 1068 (27.6)

Athletic trainer evaluation or

re-evaluation

97005, 97006 957 (24.7)

Hot or cold packs 97010 766 (19.8)

Manual therapy techniques 97140 369 (9.5)

Strapping: lower extremity (hip, knee,

ankle/foot, toes)

29520, 29530,

29540, 29550

251 (6.5)

Massage 97124 176 (4.5)

Electrical stimulation 97014 119 (3.1)

Strapping: upper extremity (shoulder,

elbow or wrist, hand or finger)

29240, 29260,

29280

89 (2.3)

Whirlpool 97022 24 (0.6)

Physical performance test or

measurement

97750 20 (0.5)

Ultrasound 97035 13 (0.3)

Contrast bath 97034 8 (0.2)

Neuromuscular reeducation 97112 5 (0.1)

Infrared 97026 3 (0.1)

Gait training 97116 2 (0.1)

Total 3870

Abbreviation: CPT, Current Procedural Terminology.

Table 6. Treatments Performed by Sport

Sport Male, n (%) Female, n (%) Total, n (%)

Soccer 271 (18.5) 660 (27.5) 931 (24.1)

Basketball 358 (24.4) 373 (15.5) 731 (18.9)

Volleyball 9 (0.6) 531 (22.1) 540 (14.0)

Football 463 (31.6) 9 (0.4) 472 (12.2)

Tracka 67 (4.6) 210 (8.8) 279 (7.2)

Cross-country 112 (7.6) 147 (6.1) 259 (6.7)

Other 29 (2.0) 160 (6.7) 189 (4.9)

Softball 12 (0.8) 122 (5.1) 134 (3.5)

Baseball 75 (5.1) 0 (0.0) 75 (1.9)

Wrestling 63 (4.3) 0 (0.0) 63 (1.6)

Tennis 0 (0.0) 49 (2.0) 49 (1.3)

Cheerleading 0 (0.0) 47 (2.0) 47 (1.2)

Swimminga 6 (0.4) 35 (1.5) 43 (1.1)

Field hockey 0 (0.0) 34 (1.4) 34 (0.9)

Gymnastics 0 (0.0) 16 (0.7) 16 (0.4)

Hockey 0 (0.0) 3 (0.1) 3 (0.1)

Lacrosse 0 (0.0) 3 (0.1) 3 (0.1)

Recreational athlete 0 (0.0) 1 (0.0) 1 (0.0)

Total 1465 2400 3869

a Indicates that a treatment was performed on an athlete who
declined to report their sex.
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The most common injury locations were the ankle, knee,
and head in our middle school-aged athletes, which are
similar to locations reported in prior studies in the middle
school, high school, and collegiate settings.8–11,13,14,16–18 When
considering specific injury diagnoses, concussion was the
most common injury (13.0%), followed by ankle sprains
and strains (12.4%), thigh/hip/groin sprains and strains
(11.1%), and patellar tendinitis (4.2%). Sports that involve
activities such as running, jumping, and fast changes in
direction such as football, basketball, and soccer may put
the lower extremities at higher risk of injury even in middle
school-aged athletes.2,8–10

A variety of treatments were administered by athletic train-
ers to the middle school-aged athletes in this study. The most
common services included therapeutic exercise or activities
(27.6%), athletic trainer evaluation or re-evaluation (24.7%),
hot or cold packs (19.8%), and manual therapy techniques
(9.5%). Similarly, at the high school level, athletic trainer
evaluation or re-evaluation and therapeutic activities or exer-
cise have been the most reported services.16,24 The sports
receiving the most treatments in our study were soccer
(24.1%), basketball (18.9%), volleyball (14.0%), and football
(12.2%). Football received the most treatments among boys’
sports (31.6%), and soccer received the most treatments
among girls’ sports (27.5%). Sports receiving the most treat-
ments differ slightly between middle school, high school, and
collegiate settings. In the high school setting, girls’ soccer,
boys’ track and field, and girls’ track and field report the high-
est number of services per injury.16 In the collegiate setting,
football, baseball, basketball, and soccer account for the high-
est services among male sports, and basketball, soccer, and
volleyball account for the highest number of services among
female sports.31 Regardless of the setting, it is clear that ath-
letic trainers play an important role in providing a variety of
key services to injured athletes.
Our study has several limitations to be considered. The

data are collected by athletic trainers within a clinical set-
ting, which can be very busy, and every injury that occurs
may not be recorded. Our data may not be fully representa-
tive of what occurs in the clinic setting. Data about athlete-
exposures were not available within the EMR, so injury
rates could not be calculated. Additionally, some athletes
may not report injuries to an athletic trainer at their middle
school. Finally, data were collected from multiple different
athletic trainers who may have different documentation hab-
its, which could limit the data.

CONCLUSIONS

Our study contributes valuable insights about injuries
sustained and treatments provided in the middle school set-
ting, where access to athletic training services may be lim-
ited. Injury characteristics were similar to those previously
reported at the high school and collegiate levels. Middle
school-aged athletes who participated in football, basket-
ball, and soccer reported the most musculoskeletal injuries.
Ankle, knee, and head were the most injured locations, with
concussion, ankle sprains/strains, and thigh/hip/groin sprains/
strains being the most frequent injury diagnoses. Treatments
most often consisted of therapeutic exercise or activities, ath-
letic trainer evaluation or re-evaluation, and hot or cold packs.
Soccer, basketball, and volleyball received the highest number
of services among the sports teams. This information may

provide useful insight for patient care decisions at the middle
school level.
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