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ARTICLE INFO ABSTRACT

Keywords: There is an intricate connection between physical activity, bone health, and the susceptibility to stress fractures
Bone health and overuse injuries. Physical activity has a positive impact on bone strength while a sedentary lifestyle can lead
Overuse

to a heightened risk for injury. The rise of early sports specialization has led to a substantial increase in overuse
injuries, particularly in individual sports.

Bone Stress Injuries (BSI) represent a category of overuse injuries closely linked to single sport specialization.
BSI involves a spectrum of altered bone mechanics, ranging from edema of periosteum, endosteum, and bone;
potentially leading to partial or full cortical breaks. This condition is prevalent in high-level athletes and en-
compasses stress reactions and fractures, resulting from an imbalance between injury creation and repair. Up to
20% of adolescents are affected, with the tibia being the most common location, predominantly occurring in
athletes aged 15 to 25. A holistic approach integrating both physical and nutritional aspects is warranted to
ensure sustained musculoskeletal health across diverse pediatric and adolescent groups and athletic endeavors.

Adolescent stress injuries

Key Concepts:

(1) Early and single sports specialization has a substantial impact on overuse injuries.
(2) Bone stress injuries are common in high-level athletes resulting from an imbalance between creation and

repair of injury.

(3) Relative energy deficiency in sports (REDS) is related to a higher risk for recurrent Bone Stress Injuries.
(4) Athletes that are lacking vitamin D are found to have an increased risk for stress fractures.

Introduction

It is well known that a sedentary lifestyle with poor nutrition and
a lack of safe sun exposure is known to decrease bone mass and
physical activity is known to have a positive effect on bone.
Paradoxically an overdose of activity or activity done poorly can lead
to bone injury. For example, baseball players with limited hip flexion
and internal rotation are at risk for elbow injury [1]. Limited hip
ROM causes improper trunk rotation putting more stress on the
elbow. There is a relationship between low back pain and hamstring
tightness, where increased tightness was associated with more severe
back pain [2]. In injured football players, poor posture, kyphosis,
abducted scapulae, and lordosis were associated with back and lower
extremity injuries [3].

Core weakness is another risk factor for injury of the extremity and
back. A strong core can reduce injury, enhance performance, and im-
prove bone health [4,5]. Training core muscles contribute to controlled
and functional movements required for good form. Children

participating in core exercises in the gym had increased muscular en-
durance, movement capability, and flexibility [6,7].

Bone remodels according to activity/stress (Wolff’s Law). It takes 3
to 6 weeks for bones to remodel stronger in response to activity [8-10].
This concept validates the importance of exercise in bone health. For
example, walking, running, and strength training in adults have been
demonstrated to increase bone and attenuate loss, as well as decrease
fracture and fall risk [9,10]. In children, exercise plus calcium supple-
ments results in increased bone accrual [11].

Overuse injuries and bone stress injuries

Overuse injuries are of particular concern in the pediatric/adolescent
population, as this population is at higher risk than their adult counter-
parts due to their musculoskeletal immaturity [12]. In addition, there has
been a shift over the past 20 years with increased sports participation, and
it is not uncommon for present-day children to specialize in one sport at a
young age. Early Sports Specialization is defined as intensive training or
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Figure 1. Distal humerus medial epicondyle avulsion fracture in a 13-year-old
male baseball pitcher.

competition in organized sport by children younger than 12 years of age
for more than 8 months per year. The focus on a single sport has been
subdivided into a 3-point system that defines low, moderate, and highly
specialized athletes [13-15]. A study by Pasulka et al. [16] investigated
whether there was a difference in individual versus team-based sports and
concluded that individual sports devotees had the highest prevalence of
Early Sports Specialization and overuse injuries with tennis being ranked
the highest followed by baseball/softball and volleyball [15]. The knee
remains one of the most common overuse injury sites, especially in highly
specialized athletes. This is caused by repetitive loading of the joint ac-
companied by a lack of rest in between activities and can lead to injuries
involving the apophysis and physis. In the US, there are an estimated 2.5
million sport-related adolescent knee injuries per year and approximately
half of them can be attributed to overuse [12,17,18].

Bone Stress Injuries (BSI) describe a range of altered bone me-
chanics including periostitis, followed by the inflammation of the tissue
surrounding the bone to edema of the periosteum, endosteum, and bone
itself (stress reaction), and potentially partial or full cortical breaks.

BSI are common in high-level athletes resulting from an imbalance
between the creation and repair of injury. It is the result of bone’s in-
ability to withstand stress applied in a rhythmic, repeated, subthreshold
manner [8,19]. BSIs affect up to 20% of adolescents, the tibia is the
most common location accounting for 19% to 54% of total BSI, and
occur most frequently in athletes between the ages of 15 to 25 [20]. The
impact of this injury can be quite profound on junior level athletes
causing time loss from training and competition and can even limit
participation in physical activity permanently.

Upper extremity BSI

Overhead sports can cause overuse injuries, and elbow BSIs com-
monly occur in youth baseball pitchers, reported at 0.86 per 10,000
athletes. Whereas overuse injuries in the skeletally mature athlete
consist mainly of flexor-pronator tendinitis and ulnar collateral

Table 1
Pitch count limits and required rest recommendations.
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Figure 2. Little League Shoulder in a 15-year-old male baseball pitcher as seen
with the widening of the proximal humerus growth plate.

Table 2
Kaeding-Miller classification of bone stress injuries.

Grade Pain Radiographic findings (CT, MRI, Bone Scan, XR)

1 - Imaging Evidence of Stress Fracture, no fracture line
I + Imaging Evidence of Stress Fracture, no fracture line
111 + Nondisplaced fracture line

v + Displaced Fracture (=2 mm)

\ + Nonunion

ligament injuries, the medial epicondyle is most susceptible for overuse
injuries in the skeletally immature athlete. This results in medial epi-
condylar apophysitis, also known as Little League Elbow (Fig. 1) [21].

While symptoms are variable, most report vague and progressive
elbow pain as well as decreasing pitch velocity and accuracy. In more
severe cases, patients may experience sudden onset of pain and/or feel
an acute pop. Hang et al. reported that radiographic evidence of medial
epicondylar apophyseal hypertrophy was found in 94% of competitive
skeletally immature baseball players. Interestingly, nearly half of the
players with physical fragmentation or separation were asymptomatic
[22]. To prevent overuse injuries, several organizations have published
pitching guidelines. This is dependent on the child’s age, for re-
commended number of maximum daily pitches (Table 1): [23].

In addition, the elbow is also at risk for injury in gymnasts, athletes
participating in racquet sports, as well as other throwing sports [24].

Little League Shoulder or proximal humeral epiphysitis, has also
been associated with overhead sports. Overuse leads to the widening of
the proximal humeral physis or epiphysiolysis (Fig. 2).

Age Daily max pitches in games Required days of rest based on daily amount of pitches
0 days 1 day 2 days 3 days 4 days

7-8 50 1-20 21-35 36-50 N/A* N/A*
9-10 75 1-20 21-35 36-50 51-65 66+
11-12 85 1-20 21-35 36-50 51-65 66+
13-14 95 1-20 21-35 36-50 51-65 66+
15-16 95 1-30 31-45 46-60 61-75 76+
17-18 105 1-30 31-45 46-60 61-80 81+

" Not applicable to children between 7 and 8 years as no more than 50 daily pitches are allowed.
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Figure 3. Tibial stress fracture visible on plain radiograph and MRI.

Sabick et al. hypothesized that throwing too many pitches can alter
the anatomy and can lead to chronic deformation of the proximal
humeral epiphyseal cartilage leading to humeral retroversion or prox-
imal humeral epiphysiolysis [3]. Mair et al. reported that 55% of
asymptomatic and 62% of symptomatic patients had radiographic evi-
dence of physeal widening in the study population of skeletally im-
mature male baseball players between the ages of 8 to 15 [25].

The treatment recommendation for shoulder and elbow overuse
injuries should initially consist of rest followed by physical therapy
[26].

Lower extremity BSI

BSIs of the lower extremity are commonly found among distance
runners, ballet dancers, gymnasts, and athletes participating in soccer,
lacrosse, and basketball [27]. BSIs that are at high risk for poor healing
include the superior cortex of the femoral neck, patella, anterior cortex
of the tibial diaphysis, medial malleolus, talus, navicular, proximal
metadiaphysis of the fifth metatarsal, and great toe sesamoids. This
increased risk of injury is due to increased tensile forces and/or relative
hypovascularity of these bones [28]. In addition, Changstrom et al.
showed in a national study of high school sports found that females will
undergo stress fractures at 2 times the rate of males [29].

Female athletes presenting with what used to be called the female
athlete triad and is now called Relative Energy Deficiency in Sports
(RED-S) to include both males and females are at higher risk for re-
current BSI. Children with RED-S take in less calories than expended
during activities, which negatively affects multiple systems in the body
[29]. According to the International Olympic Committee, RED-S is de-
fined as impaired physiological function including, but not limited, to
metabolic rate, menstrual function, bone health, immunity, protein

synthesis, and cardiovascular health caused by relative energy defi-
ciency. This can lead to an increased injury risk with the resulting in-
crease in stress fractures [30].

Several classification systems have been described in the past to
stratify risk factors for BSI into low-risk and high-risk [28,31]. More
recently, Kaeding and Miller [32] proposed a grading system for the
severity of BSIs, combining both clinical and radiographic factors
(Table 2).

Clinical presentation and imaging

Patients with BSI can present with increased pain, sensitivity, and
swelling typically in the lower extremities. Pain is generally worse
when body weight is shifted to the affected lower extremity.
Radiographic evaluation begins with x-rays, but they have poor sensi-
tivity in the early stages. Healing on x-ray is usually visible after 2 to 6
weeks and is seen as a thickening of the cortex. MRI is recommended
when clinical suspicion is high despite unclear or normal radiographic
findings (Fig. 3). Stress fractures in the anterior cortex of the tibial
diaphysis are a unique type of stress fracture and are caused by hypo-
vascularity and continuous muscular tension from the posterior leg.
These fractures are also unique from an imaging standpoint as they can
be visualized as the “Dreaded Black Line” seen on MRI. Analysis of this
entity reveals resorption cavities lined with active osteoblasts and im-
mature bone [33,34].

Treatment
Patients can return to play when they have 10 to 14 days of no pain

at the stress fracture site, no fracture is seen or a healed fracture is seen
on x-ray, the patient has completed physical therapy to work on
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strengthening and increased flexibility, and the patient has optimized
vitamin supplementation for better bone health [35].

Recent options for biological enhancement of nonunions of stress
fractures have been described and include the use of concentrated bone
marrow aspirate, autologous platelet-rich technologies, injectable bone
graft substitutes, subchondral calcium phosphate bone substitutes and
pulsed parathyroid hormone [19]. Unfortunately, the use of these
treatments is not based upon good studies that prove effectiveness,
especially within the pediatric/adolescent population; future studies
need to be conducted to evaluate the effectiveness of these treatments.

The role of vitamin D in bone stress injuries

Several studies have investigated the role of vitamin D and its re-
lationship to BSI [36,37]. Vitamin D is a fat-soluble vitamin and func-
tions as a precursor steroid for several metabolic and biological pro-
cesses. In its active form,1,25-dihydroxyvitamin D, it regulates bone
formation through genomic and nongenomic mechanisms [38-42]. In
the athletic population, even though not fully established, the ideal
level has been suggested to be 40 to 50 ng/mL as studies have shown
that the risk of stress fractures can increase in levels of 30 ng/mL or less
[43]. Numerous studies have described 25(OH)D3 deficiency in athletes
and its multifactorial nature [44-47]. Athletes that are lacking 25(0OH)
D3 were found to have an increased risk for stress fractures [48].

Summary

There is an intricate relationship between physical activity, bone
health, and the risk of stress fractures and overuse injuries. Pediatric
and adolescent athletes are particularly vulnerable to stress and overuse
injuries because of their skeletal immaturity, emphasizing the impact of
early sports specialization on overuse injury prevalence. Parents, coa-
ches, and clinicians should advocate for a holistic approach encom-
passing both physical and nutritional aspects tailored to the well-being
of athletes at various stages of development.
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