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Abstract.
PURPOSE: Over a 10-year time frame, this study aimed to evaluate diagnosis, treatment, and referral trends for adolescent
runners seeking care for running-related injuries (RRIs) at a clinic that specializes in running medicine.
METHODS: This study was a retrospective chart review of 392 adolescent runners (2,326 encounters) who sought care
for RRIs between the years 2011 and 2021. Descriptive statistics were used to summarize clinical assessments, referrals,
assistive devices, and medications prescribed or administered overall and by injury type. Chi-square analyses were used to
compare proportions of services rendered across the 10-year time frame.
RESULTS: Patients most frequently received manual evaluations or special tests during clinic visits. Most visits resulted in
at least one referral (91%), primarily for physical therapy or gait-training. Assistive devices and medications/supplements
were offered at only 18% of patient visits. The majority of assessments (X2 = 69.7, p = 0.002), treatments (X2: 23.6–43.8,
p: < 0.001–0.003), and referrals (X2 = 132, p < 0.001) were for shin injuries. Larger proportions of nutrition assessments
(X2 = 40.7, p < 0.001), interventions (X2 = 26.8, p = 0.003), and referrals (X2 = 27.5, p = 0.002) were performed in or after the
year 2015.
CONCLUSION: Clinic visits for shin injuries required the most clinical resources per episode of care. There were observed
shifts in clinical assessment and treatment approaches to include more expanded nutritional and physiologic considerations.

Keywords: Relative Energy Deficiency in Sport (RED-S), rehabilitation, evidence-based practice, repetitive stress injury,
tibial stress fracture

1. Introduction

Although running offers multiple health benefits
to young athletes [1, 2], running-related injuries
(RRIs) present substantial barriers to lifetime running
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participation [3–5]. Runners with lower extremity
repetitive stress injuries frequently seek care from
health care professionals to alleviate pain and disabil-
ity [6]. There is substantial research exploring factors
contributing to the development and exacerbation of
RRIs, particularly for bone stress injuries and chronic
musculoskeletal pathologies. Chronic RRIs consti-
tute the largest injury burden in the broader running
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population [4, 7, 8]. Young runners are more suscep-
tible to RRIs if they have inadequate nutrition and
fueling [7–9], poor functional movement patterns [7,
10, 11], strength deficits, and altered lower extrem-
ity alignment [10, 12–14]. As such, the authors of
the most recent consensus statement on minimizing
the risk of RRIs among adolescent athletes recom-
mended measuring and addressing these key factors
in clinical practice through clinical assessments and
therapeutic intervention [7, 15]. Additionally, there
have been several consensus statements from the
International Olympic Committee published in 2014
and 2018 illuminating Relative Energy Deficiency in
Sport (RED-S; multi-system physiological dysfunc-
tion due to an imbalance between energy expenditure
and dietary energy intake) and the need to include
early recognition and treatment of physiological dis-
ruptions in relationship to overuse injuries in clinical
practice [16, 17].

Despite the available evidence and current rec-
ommendations, there is comparatively little research
exploring components of care for adolescents with
RRIs presenting to outpatient clinical settings. A
prior study that assessed treatment trends for high
school cross-country runners determined that patients
with RRIs primarily receive therapeutic interventions
aimed at reducing pain and alleviating symptoms [6].
However, beyond pain relief, little is known about
clinical approaches to care when it comes to address-
ing the multifactorial nature of RRIs, including but
not limited to metabolic, nutritional, psychosocial,
and physiological factors. There has been a breadth
of emerging evidence on key factors influencing
adolescent RRIs over the recent years and expert
recommendations on injury management in this pop-
ulation [11, 15, 16]. As such, it is necessary to assess
RRI treatment trends in clinical settings that spe-
cialize in the care for injured runners to determine
how elements of clinical practice have evolved to
align with current evidence-based recommendations.
Additionally, assessing clinical diagnosis, treatment,
and referral trends for adolescent RRIs would help
determine how clinical resources are often allocated
by injury types and body regions for this patient pop-
ulation.

The purpose of this study was to evaluate clinical
assessment, treatment, and referral trends among ado-
lescent runners seeking care at a hospital-affiliated
Injured Runners Clinic (IRC) over a 10-year period
(2011–2021). Specifically, the number and types of
clinical assessments, assistive devices provided or
prescribed, medications and supplements adminis-

tered or prescribed, and patient referrals by injury
characteristics and sex were assessed across the 10-
year time frame.

2. Materials and methods

2.1. Patients

This study was a retrospective chart review
of electronic patient records from a tertiary-
care Children’s Hospital Sports Medicine Division
IRC, where participating fellowship-trained sports
medicine physicians treated adolescent patients with
RRIs between 2011 and 2021. The IRC is a mul-
tidisciplinary clinic consisting of sports medicine
physicians, athletic trainers, strength and condition-
ing specialists, physical therapists, sports nutrition
specialists, and mental health professionals. The IRC
is designed to provide special care for injured run-
ners through diagnosis and/or injury recovery and
return to running. The clinic is held twice weekly, and
typically patients are runners referred from primary
care physicians, general orthopedics/sports medicine
physicians and surgeons, and/or adolescent medicine
specialists. This specialty clinic operates within the
hospital’s sports medicine and orthopedics depart-
ments and an affiliated sports injury prevention and
rehabilitation center. The attending sports medicine
physicians in the IRC had specialized training in run-
ning gait biomechanics through fellowship training.
These physicians completed all physical assess-
ments and diagnoses for any active running-related
injuries using standard clinical assessment and care.
They performed real-time running gait biomechanics
assessments for patients to help guide return to run-
ning and running-related re-injury prevention when
appropriate.

For the purpose of this study, patients between the
ages 10 and 17 years who were diagnosed with a cur-
rent RRI were included. The lower age limit reflected
the youngest age of a patient seeking care in the clinic,
and the upper limit was chosen to focus on only ado-
lescent patients. Patients who had a previous surgery
for their injury were excluded as this would affect
patients’ course of care. Additionally, those whose
mechanism of injury was not running-related were
excluded from this analysis to ensure that true RRIs
were assessed. The study was approved by the hos-
pital’s Institutional Review Board. Participant assent
and parental consent were exempt due to the retro-
spective design.
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2.2. Data collection

Treating physicians used a web-based secure elec-
tronic medical record system (PowerChart®, Cerner
Corporation, North Kansas City, MO, USA) to record
the date of visit, chief complaint, history of present
injury, review of systems, physical examination,
imaging, and the assessment/plan of action for all
patient encounters.

2.3. Data extraction

Patient health care records were identified within
the hospital database using a formal search by depart-
ment and encounter type (e.g., orthopedics, sports
medicine, IRC), and filtered by year (2011–2021)
to identify pertinent patient medical record num-
bers. Two members of the research team (AFDL,
SBW) screened patient records to ensure patients fit
the inclusion criteria for this study. One researcher
(AFDL) extracted data for the qualifying patients
to ensure data integrity. All patient encounters
were extracted for each injury for which they pre-
sented to the IRC. Extracted data included injury
details (injured body region, injury type [bone vs.
soft tissue]) using ICD-9/10 codes. Data were also
extracted pertaining to the number and type of clinical
assessments, imaging, assistive devices provided or
prescribed (e.g., crutches, walking boots, orthoses),
medications administered or prescribed, and patient
referrals for therapeutic interventions or consulta-
tions across all patient visits using Current Procedural
Terminology (CPT) codes. Clinical assessments were
categorized as physical examinations used to rule
in or rule out injuries, including manual tests, such
as palpation of injured body regions, and special
tests using specific hands-on assessments, such as a
Thompson test for Achilles tendon injury. All data
were entered in a secure online platform (REDCap,
Vanderbilt University, Nashville, TN, USA).

2.4. Statistical analyses

Descriptive statistics were used to summarize
the number and type of clinical assessments, assis-
tive devices, medications/supplements prescribed or
administered overall, and referrals by injured body
region and by injury type. Chi-square analyses were
used to compare proportions of services rendered by
injury details (injured body region, injury type), and
to assess the change in services rendered over the 10-
year time frame. Apparent differences across injuries

or demographics were further compared using post-
hoc pairwise proportion comparisons. Alpha was set
a priori to 0.05 for all analyses. All analyses were
conducted in Jamovi (Version 2.3.21.0).

3. Results

There were 392 patient records that met inclu-
sion criteria for this study (277 females [F], 115
males [M]; age: 16.1 ± 1.3; race: 70% White), with
2,326 total patient encounters (5 ± 4 encounters per
patient injury case) during the 10-year time frame.
The majority of injuries were localized to the shins
and were categorized as bone stress injuries. Patients
underwent a mean of 1.70 clinical assessment tests
per visit (Table 1). The majority (91%) of visits
resulted in at least one referral (Tables 1 and 2).
Assistive devices and medications were offered or
prescribed at approximately 18% of patient visits
(Tables 3 and 4).

3.1. Clinical assessments

Foot, calf, shin, and hip injuries all received an
average of 1.75 clinical assessment tests per clinic
visit (Table 1). Manual and/or special tests com-
prised the majority of clinical assessments (56%),
followed by x-rays (12%), MRIs (11%), and run-
ning gait assessments (10%; Table 1). There were
significant differences in the proportion of clinical
assessments by injured body region (X2(N = 2,326,
df = 4) = 69.7, p = 0.002). Shin injuries accounted for
the largest proportion of clinical assessments (40%
of all clinical assessments), followed by hip injuries
(16% of all clinical assessments). Shin injuries had
the largest proportion of all imaging services ordered
(39%), with MRI being the most frequently used
imaging service (45% of imaging for shin injuries;
Table 1). Running gait analyses (42%) and blood pan-
els/urinalyses (59%) were primarily performed for
patients with shin injuries (Table 1).

There were no significant differences in num-
ber of clinical assessments performed across injury
types (X2(N = 2,326, df = 2) = 2.9, p = 0.71), sex
(X2(N = 2,326, df = 2) = 0.1, p = 0.81), nor year of
visit (X2(N = 2,326, df = 10) = 59.7, p = 0.16). There
were significant differences in assessment types by
injury types; a larger proportion of patients with
bone stress injuries received blood panels/urinalyses
(X2(N = 150, df = 2) = 7.0, p = 0.01) and dual-energy
x-ray absorptiometry (DEXA) scans (X2(N = 131,
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Table 1
Clinical assessments across patient visits overall, by type of tests, and by injury details

Category Visits with Total Clinical Imaging assessments Running assessments Physical assessments

Clinical

assessments

Clinical

assessments

Assessments

per visitz

MRI X-Ray DEXA US CT Gait analysis ICP test Blood/urine

tests

Manual/special

tests

Tele-health

All Injuries 2,326 N(%) 3,961 N(%) 1.70 ± 0.75

(Mean ± SD)

450 N(%) 456 N(%) 131 N(%) 91 N(%) 8 N(%) 394 N(%) 14 N(%) 150 N(%) 2199 N(%) 68 N(%)

Body Region Toes/Feet 290 (12%) 507 (13%) 1.75 ± 0.76 54 (12%) 78 (17%) 24 (18%) 3 (3%) 3 (38%) 38 (10%) 0 (0%) 27 (18%) 273 (12%) 7 (10%)

Ankles 194 (8%) 316 (8%) 1.63 ± 0.70 36 (8%) 45 (10%) 3 (2%) 8 (9%) 0 (0%) 35 (9%) 0 (0%) 3 (2%) 185 (8%) 1 (1%)

Shins 897 (39%) 1569 (40%) 1.75 ± 0.78 198 (44%) 158 (35%) 74 (56%) 11 (12%) 0 (0%) 163 (41%) 8 (57%) 88 (59%) 821 (37%) 48 (71%)

Calves 59 (3%) 103 (1%) 1.75 ± 0.76 9 (2%) 6 (1%) 2 (2%) 9 (10%) 0 (0%) 15 (4%) 4 (29%) 2 (1%) 59 (3%) 3 (4%)

Knees 304 (13%) 484 (12%) 1.59 ± 0.63 35 (8%) 67 (15%) 2 (2%) 13 (14%) 0 (0%) 59 (15%) 0 (0%) 5 (3%) 302 (14%) 1 (1%)

Thighs/ 75 (3%) 127 (3%) 1.69 ± 0.88 18 (4%) 11 (2%) 5 (4%) 4 (4%) 1 (13%) 9 (2%) 2 (14%) 5 (3%) 72 (3%) 0 (0%)

Hamstrings

Hips 366 (16%) 640 (16%) 1.75 ± 0.73 74 (16%) 80 (18%) 16 (12%) 37 (41%) 2 (25%) 56 (14%) 0 (0%) 18 (12%) 351 (16%) 6 (9%)

Low Back 121 (5%) 180 (5%) 1.49 ± 0.69 25 (6%) 9 (2%) 5 (4%) 4 (4%) 2 (25%) 16 (4%) 0 (0%) 1 (1%) 116 (5%) 2 (3%)

Abdomen/Upper 20 (1%) 29 (<1%) 1.45 ± 0.76 1 (<1%) 2 (<1%) 0 (0%) 2 (2%) 0 (0%) 3 (1%) 0 (0%) 1 (1%) 20 (1%) 0 (0%)

Extremity

Injury Type Bony 1,326 (57%) 2,261 (57%) 1.71 ± 0.74 273 (61%) 254 (56%) 113 (86%) 61 (67%) 5 (63%) 219 (56%) 7 (50%) 80 (54%) 1,251 (57%) 41 (60%)

Soft Tissue 1,000 (43%) 1,700 (43%) 1.70 ± 0.75 177 (39%) 202 (44%) 18 (14%) 30 (33%) 3 (37%) 175 (44%) 7 (50%) 70 (46%) 948 (43%) 27 (40%)

Abbreviations: MRI, magnetic resonance imaging; DEXA, dual-energy x-ray absorptiometry; US, ultrasound; CT, computed tomography; ICP Test, intracompartmental pressure testing.
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Table 2
Devices across patient visits overall, by type of devices, and by injury details

Category Visits Total Devices Off-loading devices Supportive devices Additional devices
with device
administration

Devices Per visit Crutches Boots Orthoses Braces/
compression
sleeves

Bone
stimulator

Other

All injuries 427 N(%) 461 N(%) 1.08 ± 0.28
(Mean ± SD)

47 N(%) 120 N(%) 191 N(%) 70 N(%) 27 N(%) 6 N(%)

Body Region Toes/Feet 94 (22%) 107 (23%) 1.14 ± 0.40 7 (15%) 39 (33%) 48 (25%) 1 (1%) 9 (33%) 3 (50%)
Ankles 54 (13%) 56 (12%) 1.04 ± 0.19 3 (6%) 17 (14%) 22 (12%) 13 (19%) 1 (4%) 0 (0%)
Shins 150 (35%) 160 (35%) 1.07 ± 0.25 17 (36%) 64 (53%) 56 (29%) 9 (13%) 13 (48%) 1 (17%)
Calves 12 (3%) 12 (3%) 1 ± 0 0 (0%) 0 (0%) 10 (5%) 2 (3%) 0 (0%) 0 (0%)
Knees 63 (15%) 71 (15%) 1.13 ± 0.34 2 (4%) 0 (0%) 41 (21%) 27 (39%) 0 (0%) 1 (17%)
Thighs/
Hamstrings

8 (2%) 8 (2%) 1 ± 0 4 (9%) 0 (0%) 1 (1%) 2 (3%) 1 (4%) 0 (0%)

Hips 30 (7%) 30 (7%) 1 ± 0 12 (26%) 0 (0%) 10 (5%) 5 (7%) 3 (11%) 0 (0%)
Low Back 16 (4%) 17 (4%) 1.06 ± 0.25 2 (4%) 0 (0%) 3 (2%) 11 (16%) 0 (0%) 1 (17%)
Abdomen/
Upper
Extremity

0 (0%) 0 (0%) 0 ± 0 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Injury Type Bony 261 (61%) 261 (57%) 1 ± 0 31 (66%) 66 (55%) 107 (56%) 36 (51%) 17 (63%) 4 (67%)
Soft Tissue 166 (39%) 200 (43%) 1.20 ± 0.44 16 (34%) 54 (45%) 84 (44%) 34 (49%) 10 (37%) 2 (33%)
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Table 3
Medications/supplements across patient visits overall, by type of medication/supplement, and by injury details

Category Visits Total Medications/ Medications Supplements
with Medication/
Supplement
Administration or
Prescription

Medications/
Supplements

Supplements
Per Visit

US-
Guided
Injection

Topical
Anal-
gesic

NSAIDs Other Vitamin D Calcium Iron

All injuries 397 N(%) 519 N(%) 1.31 ± 0.47
(Mean ± SD)

76 N(%) 62 N(%) 112 N(%) 13 N(%) 137 N(%) 95 N(%) 24 N(%)

Body Region Toes/Feet 40 (10%) 62 (12%) 1.45 ± 0.55 5 (7%) 4 (6%) 1 (1%) 2 (15%) 29 (21%) 17 (18%) 4 (17%)
Ankles 34 (9%) 48 (9%) 1.35 ± 0.54 3 (4%) 18 (29%) 11 (10%) 4 (31%) 6 (4%) 4 (4%) 2 (8%)
Shins 129 (32%) 179 (34%) 1.43 ± 0.50 5 (7%) 11 (18%) 21 (19%) 1 (8%) 76 (55%) 53 (56%) 12 (50%)
Calves 7 (2%) 7 (1%) 1 ± 0 3 (4%) 1 (2%) 3 (3%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Knees 44 (11%) 52 (10%) 1.14 ± 0.35 10 (13%) 10 (16%) 21 (19%) 0 (0%) 5 (4%) 4 (4%) 2 (8%)
Thighs/
Hamstrings

11 (3%) 15 (3%) 1.36 ± 0.50 3 (4%) 0 (0%) 1 (1%) 0 (0%) 5 (4%) 6 (6%) 0 (0%)

Hips 97 (24%) 117 (23%) 1.18 ± 0.41 40 (53%) 8 (13%) 41 (37%) 2 (15%) 13 (9%) 10 (11%) 3 (13%)
Low Back 27 (7%) 30 (6%) 1.11 ± 0.32 7 (9%) 6 (10%) 10 (9%) 3 (23%) 3 (2%) 1 (1%) 0 (0%)
Abdomen/
Upper
Extremity

8 (2%) 9 (2%) 1.13 ± 0.83 0 (0%) 4 (6%) 3 (3%) 1 (8%) 0 (0%) 0 (0%) 1 (4%)

Injury Type Bony 191 (48%) 293 (56%) 1.53 ± 0.51 53 (70%) 33 (53%) 65 (58%) 11 (85%) 68 (50%) 47 (50%) 16 (67%)
Soft Tissue 206 (52%) 226 (44%) 1.10 ± 0.54 23 (30%) 29 (47%) 47 (42%) 2 (15%) 69 (50%) 48 (50%) 8 (33%)

Abbreviations: US, ultrasound; NSAIDs, non-steroidal anti-inflammatory drugs.
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Table 4
Referrals across patient visits overall, by type of referrals, and by injury details

Category Visits Total Referrals Therapeutic/Training Specialists
with Referrals Referrals Per Visit Physical Therapy Gait-Training Other Nutrition Psychiatry

All Injuries 2,116 N(%) 3,524 N(%) 1.68 ± 0.72 (Mean ± SD) 1,811 N(%) 499 N(%) 82 N(%) 286 N(%) 38 N(%)

Body Region Toes/Feet 250 (12%) 383 (11%) 1.55 ± 0.72 202 (11%) 38 (8%) 6 (7%) 45 (16%) 1 (3%)
Ankles 180 (9%) 277 (8%) 1.56 ± 0.66 164 (9%) 37 (7%) 6 (7%) 14 (5%) 2 (5%)
Shins 801 (38%) 1465 (42%) 1.85 ± 0.78 652 (36%) 212 (42%) 39 (48%) 164 (57%) 21 (55%)
Calves 60 (3%) 90 (3%) 1.63 ± 0.61 49 (3%) 18 (4%) 5 (6%) 3 (1%) 0 (0%)
Knees 291 (14%) 467 (13%) 1.58 ± 0.60 273 (15%) 81 (16%) 5 (6%) 13 (5%) 1 (3%)
Thighs/
Hamstrings

71 (3%) 115 (3%) 1.68 ± 0.72 60 (3%) 16 (3%) 3 (4%) 7 (2%) 0 (0%)

Hips 334 (16%) 543 (15%) 1.63 ± 0.66 295 (16%) 74 (15%) 7 (9%) 33 (12%) 8 (21%)
Low Back 113 (5%) 162 (5%) 1.45 ± 0.58 103 (6%) 20 (4%) 8 (10%) 7 (2%) 5 (13%)
Abdomen/
Upper
Extremity

16 (1%) 22 (1%) 1.5 ± 0.63 13 (1%) 3 (1%) 3 (4%) 0 (0%) 0 (0%)

Injury Type Bony 1,164 (55%) 1,990 (56%) 1.23 ± 0.83 1,014 (56%) 293 (59%) 41 (50%) 157 (55%) 26 (68%)
Soft Tissue 952 (45%) 1,534 (44%) 1.61 ± 0.85 797 (44%) 206 (41%) 41 (50%) 129 (45%) 12 (32%)
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df = 2) = 48.5, p < 0.001) compared to patients with
soft tissue injuries (Table 1). There were also sig-
nificant differences in assessment types by year (X2

range: 40.7–749.0, p < 0.001). A larger proportion of
blood panels/urinalyses were performed in or after
the year 2018 (average of 11% of visits) compared
to 2011–2017 (average of 5% of visits; Fig. 1).
Manual and/or special tests were more infrequently
performed during the years 2020–2021 during the
COVID-19 pandemic (average of 66% of visits in
2020–2021 vs. 100% previous years), as clinic visits
shifted to telemedicine assessments (average of 33%
of visits in 2020–2021 vs. 0% previous years; Fig. 1).

3.2. Assistive devices

Orthoses (41% of all devices) and walking boots
(26%) were the most frequently provided devices
for adolescent patients with RRIs (Table 2). There
were significant differences in the proportion of assis-
tive devices provided by injury types (X2 range:
76.9–106.0, p < 0.001). Those with toe/feet and knee
injuries received the highest number of assistive
devices per visit (Table 2). Braces and/or compression
sleeves were most frequently provided to patients
with knee injuries (39%), followed by ankle injuries
(19%) and lower back injuries (16%; Table 2). Walk-
ing boots and orthoses were most frequently provided
to those with shin (boots: 53%; orthoses: 29%) and
toe/foot injuries (boots: 33%; orthoses: 25%) com-
pared to other injured body regions (Table 2).

There was not a significant difference in the
number of assistive devices provided or prescribed
by injury type (X2(N = 427, df = 4) = 1.2, p = 0.76),
sex (X2(N = 427, df = 2) = 0.04, p = 0.84), nor year
(X2(N = 427, df = 10) = 11.3, p = 0.336). There was a
significant difference in the proportion of devices pro-
vided by year (X2(N = 427, df = 6) = 28.1, p = 0.002).
A larger proportion of braces and/or compression
sleeves were provided between 2011–2012 compared
to later years (average 9% vs. 3%), and the same
trend was noted for orthoses (average of 16% visits
vs. 9%; Fig. 1). There were no significant differences
in specific devices by injury types or sex.

3.3. Medications and supplements

The majority of medications and supplements
administered or prescribed were vitamin D (26%),
followed by non-steroidal anti-inflammatories
(NSAIDs; 22%), calcium (18%), and ultrasound-
guided corticosteroid injections (9%; Table 3). Foot

injuries received the highest number of medications
or supplements per visit with administration or
prescription (1.45 ± 0.55), followed by injuries to
the shins (1.43 ± 0.50) and injuries to the thighs
(1.36 ± 0.50; Table 3). There was a significant differ-
ence in the types of medications and supplements by
injury types (X2 range: 23.6–71.4; p-range: < 0.001–
0.003); vitamin D, calcium, and iron supplements
were most frequently administered or prescribed
for patients with shin injuries (vitamin D: 56%;
calcium: 56%; iron: 50%) compared to other injured
body regions. NSAIDs were primarily provided
for patients with shin injuries, while corticosteroid
injections were primarily performed for those with
hip injuries (Table 3).

A larger proportion of medications and supple-
ments were prescribed or administered for patients
with bone stress injuries compared to soft tis-
sue injuries (X2(N = 397, df = 2) = 15.4, p < 0.001;
Table 3). However, when assessing specific medica-
tion and supplement subtypes, there were comparable
proportions of administrations or prescriptions across
injury types. Although the proportion of medica-
tions and supplements prescribed or administered
was similar across the observed years, there were
significant differences in the types of medications
and supplements by year (X2 range: 19.6–26.8; p-
range: 0.003–0.03). NSAIDs were more frequently
administered during the years 2011–2012 compared
to later years (average of 9% of visits vs. 5%; Fig. 1).
Iron supplements were more frequently administered
from 2018–2021 compared to previous years (aver-
age of 3% of visits vs. 1%; Fig. 1). There were no
significant differences in number or type medications
by sex (X2(N = 397, df = 2) = 2.4, p = 0.12).

3.4. Referrals

The majority of referrals across all injuries were
for physical rehabilitation (52% of all referrals),
followed by gait-training (14%) and nutrition con-
sultations (8%). Patients with shin (43% gait-training
referrals), knee (16%), and hip injuries (15%)
were most frequently referred for gait-training com-
pared to other injured body regions (X2(N = 2,116,
df = 4) = 24.6, p = 0.002; Table 4). Patients with shin
injuries had the highest number of total referrals
(N = 1,465, 42% of all referrals) and referrals per visit
(X2(N = 2,116, df = 4) = 132.0, p < 0.001; Table 4).
Approximately half of all referrals for nutrition
were for patients with shin injuries (X2(N = 286,
df = 4) = 70.6, p < 0.001; Table 4).
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Fig. 1. Significant changes in clinical assessment, referral, device, and medication type trends over time. Caption: Pictogram depicting the
percentage of visits including the respective diagnostic, referral, device, and medication/supplementation administration clinic trends from
2011-2021 (x-axis). Stars along the x-axis indicate the emergence of specific consensus statements regarding the management and care
of injuries and adolescent runners.7,15,16,17,27 Darker hues represent more visits including the services. Only specific types of outcomes
that were statistically significantly different over time are presented. Abbreviations: BJSM, British Journal of Sports Medicine; NSAIDs,
non-steroidal anti-inflammatory drugs; IOC, International Olympic Committee; PM&R, Physical Medicine & Rehabilitation; RRI, running-
related injuries; Meds, Medications; Supplem., Supplements.

There were significant differences in the propor-
tion of nutrition types by year (X2 range: 23.8–31.0;
p-range: < 0.001–0.01). There were higher pro-
portions of nutrition referrals between the years
2015–2021 compared to 2011–2014 (average of
14% of visits vs. 7%; Fig. 1). A similar trend
was observed for increased gait-training referrals
between 2014–2021 compared to 2011–2013 (22%
of visits vs. 13%; Fig. 1). There were signifi-
cantly higher proportions of referrals for psychiatric
consultation during the 2020–2021 years of the
pandemic compared to previous years (4% of vis-
its vs. 1%; Fig. 1). There was not, however, a
significant difference in the number of patient
referrals by injury type (X2(N = 2,116, df = 4) = 3.6,
p = 0.61), sex (X2(N = 2,116, df = 2) = 0.01, p = 0.94),
nor year (X2(N = 2,116, df = 10) = 6.4, p = 0.78).
Additionally, there were no significant differences
in the specific types of referrals by injury type
or sex.

4. Discussion

Clinical assessments and treatment efforts were
found to be most commonly dedicated to adolescent
patients with running-related shin injuries seeking
care at a specialized IRC. Most conditions were
classified using patient history and physical exam-
inations. Referrals primarily focused on physical
rehabilitation and movement analyses. Most devices
were offered for off-loading or stability, and supple-
ments or NSAIDs were most frequently administered
to RRI patients. There were key changes in treat-
ment and referral patterns around the year 2015 and
onward, coinciding with emerging evidence in sports
medicine literature that influenced clinical care of
adolescents with RRIs [7, 15].

Stress fractures to the shin and medial tibial stress
syndrome (or “shin splints”) are major concerns for
young runners [8, 18–21]. The current study sug-
gests that shin injuries require the majority of clinical
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resources, highlighting the difficulty in diagnosing
and managing injuries in this anatomical region given
the high number of imaging and referrals, respec-
tively [22, 23]. Shin injuries were diagnosed using
the largest proportion of imaging services to differ-
entiate subtle differences between medial tibial stress
syndrome and bone stress injuries, allowing providers
to discern the appropriate management path based on
injury. Patients with repetitive stress injuries at the
shin also have high likelihood of re-injury [24]. As
such, it is unsurprising that RRIs involving the shin
were treated with the largest proportion of offloading
devices provided or prescribed to promote rest and
re-imaging to clinically gauge healing.

Both bone stress injuries and shin injuries had the
highest proportion of blood panels/urinalyses, nutri-
tion referral patterns, and micronutrient supplements,
with the largest upticks of these analyses and treat-
ments occurring around the year 2015. These shifts
in clinical management coincided with the emergence
of the 2014 International Olympic Committee’s con-
sensus statement on RED-S that emphasized the
need for early recognition of metabolic disruption
and nutritional education in the evaluation and man-
agement of overuse injuries [16]. Given that poor
bone health is one prong of the female athlete triad
and has been substantially associated with RED-S
for males and females alike [16], it is unsurpris-
ing that bone stress injuries received the majority of
these assessment, referral, and treatment resources
[9, 25]. Furthermore, there were increased iron sup-
plements prescribed from 2018 onward, which aligns
with the consensus update recognizing hematologic
abnormalities as key parts of the constellation of
health-related problems linked to RED-S [17]. It was
unexpected to find no significant difference in iron
supplements between male and female patients; this
may be attributed to equivocal numbers of blood sam-
ples taken across patients that led to identified iron
deficiencies and subsequent supplements. While it is
likely that other factors influenced treatment trends
noted in this assessment, the publication of these con-
sensus statements may partially explain the trends
observed in the clinic. The IRC frequently engages
in running-related research and conducts educational
meetings quarterly, which supports the integration of
evidence-based medicine into practice. This model
may be considered as a framework for additional clin-
ics across the country to improve long-term outcomes
for runners; however, future prospective research is
necessary to substantiate this notion. While biomark-
ers related to soft-tissue injury and recovery are rising

in popularity [26], these areas of research are still
developing [7, 25].

There was a downward trend in NSAID prescrip-
tions for RRIs in this adolescent patient population
following 2012. This coincided with the emergence
of several research studies and journal editorials eval-
uating NSAID medications’ mechanism of action,
efficacy, and potential risks and benefits, ultimately
recommending that clinicians minimize the use of
anti-inflammatory medications in the treatment of
certain musculoskeletal injuries [27, 28]. The inflam-
matory process is designed to promote blood flow to
injury sites to aid in tissue healing, and some stud-
ies have suggested that NSAIDs may suppress these
effects and potentially lengthen the recovery process
[29, 30]. These findings show that there have been key
shifts in treatment trends with NSAID use based on
expert recommendations. It appears that the focus of
clinical management shifted towards interventions to
address underlying factors, support bone health, and
reduce biomechanical strain with reduced prescrip-
tion of NSAIDs [6].

In juxtaposition to the adult running medicine
literature, there is limited evidence assessing
biomechanical contributors to the development of
adolescent RRIs [7, 11]. One study identified slower
cadence for young athletes with overuse shin and
knee injuries, suggesting this gait parameter may be
a target for intervention [31]. These findings sug-
gest that gait-training referrals are frequently given
to patients with shin injuries, which aligns with this
available evidence. However, patients with additional
RRIs were still referred for gait analysis and inter-
vention, suggesting that clinicians may rely on data
from adult runners to guide intervention. Continued
explorations into biomechanical factors pertaining
to a wider range of adolescent RRIs are warranted
to facilitate effective diagnosis-specific gait-training
interventions when indicated [7, 11]. Furthermore,
evidence regarding associations between training vol-
ume and injury development among adolescents is
needed to better facilitate recommendations for youth
runners [32].

The COVID-19 pandemic distinctly influenced
clinical treatment, as the format of visits had to
transition to telehealth platforms during strict social
isolation mandates. Telehealth visits were not a part of
routine practice prior to the year 2020; however, this
assessment approach may be advantageous in future
practice to not only mitigate risk for infectious expo-
sures, but also to reduce the barrier to seeking care
for adolescent athletes [33]. Additionally, there were
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more psychiatric/mental health referrals for adoles-
cent RRI patients between 2020 and 2021 compared
to years prior. Previous research during early stages
of the pandemic identified that runners who had to
change their running behaviors, whether due to injury
or other factors, had a higher propensity to report
loneliness and negative affect on mental health ques-
tionnaires [34]. As such, mental health concerns were
likely to become more prevalent and identified among
adolescent runners with RRIs seeking clinical care.
These changes highlight the importance of continued
assessment of mental wellbeing to address psychoso-
cial contributors to adolescent RRI and recovery [35].

4.1. Future directions

With the continued development of novel treatment
parameters (e.g., platelet-rich plasma injections) [36,
37] and continued research on micro- and macro-
level contributors to injury [11], it will be important
to continue to assess therapeutic interventions and
successes for adolescent athletes seeking care. There
is also a need to bolster the evidence regarding age-
specific approaches to care for adolescent runners,
given that metabolic assessments have been primar-
ily conducted among adults [16, 17]. The continued
impact on advancements in sports medicine will be
essential to determine changes in assessment and
treatment components of clinic visits as well as long-
term outcomes following clinical intervention.

4.2. Limitations

This study focused on clinic visit trends from a sin-
gle location. The majority of the patients in the dataset
were White females. Given this limitation, the find-
ings may not reflect nationwide trends in more diverse
populations. The study team did not have access to
information regarding training volume and intensity,
nor additional injury characteristics (e.g., time loss
vs. non-time loss). However, these factors may have
influenced patient care. The hospital-affiliated clinic
had access to specialists for referrals to complement
treatments, such as gait analysis and gait-training,
which may not be possible across all clinical sites.
As the hospital system was affiliated with a uni-
versity, education regarding athlete health and best
practices may have been more prevalent compared
to other clinical settings. There were no data avail-
able to determine treatment success; however, future
research should collect and measure patient-reported
outcomes and other clinical markers to address this

gap in the literature. All RRIs in this study were
non-surgical and did not reflect treatment and referral
patterns for more severe RRI cases.

5. Conclusion/summary

Adolescent patients with running-related shin
injuries received the most clinical assessments and
treatment resources, as well as number of referrals
during episodes of clinical care, suggesting that these
injuries require considerably more clinical resources
than other injuries. Across all injuries, the most com-
mon assessment, referral, and treatment approaches
were manual/special tests, physical therapy, orthoses,
and micronutrient supplements. There were shifts in
clinical assessments and treatment approaches that
suggest evolving, evidence-based shifts in clinical
practice. Continued research on youth running will
be essential for advancing clinical practice.
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