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Abstract:

Introduction

Stress fractures can affect up to 10% of athletes, with amateurs who exhibit high levels of

ambition being particularly at risk. This vulnerability is primarily due to their limited

understanding of training principles and the physiological mechanisms of the body. Stress

fractures result from prolonged, repetitive overload, which leads to the weakening of bone

tissue and, consequently, bone fracture.

Aim of the study

The aim of this review article is to present the current state of knowledge regarding the risk

factors for stress fractures in athletes.
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Materials and Methods

This review is based on a literature search conducted on PubMed. The following keywords

were used: stress fractures, risk factors, athletes

Conclusions

Stress fractures primarily result from excessive bone loading that exceeds the bone's ability to

repair microdamage caused by daily activities. The mechanism of their formation is complex

and related to an insufficient bone response to increased biomechanical demands. Although

the causes can be diverse, several key factors are typically associated with the occurrence of

these injuries. These include: improper type and intensity of training, female gender, low bone

mineral density, nutritional deficiencies, prior stress fractures, and high and low BMI.

Keywords: stress fractures, risk factors, athletes

Introduction

Stress fractures are a common health issue among athletes, especially those engaged in

disciplines that impose intense mechanical loads, such as running, football, or jumping. These

injuries result from repetitive microtraumas in the bone structure, which lead to the

weakening of the bone and eventually to a fracture. Stress fractures most commonly occur in

the bones of the foot, particularly the metatarsals, as well as in the tibia and femur, although

they can also occur in other areas, including the spine. The microtraumas that lead to these

injuries accumulate more rapidly than the bone is able to regenerate, resulting in a gradual

weakening of the bone structure [1, 2].

It is estimated that the incidence of stress fractures in athletes varies from 1% to 10%,

depending on the sport, with the highest number of cases occurring in athletes training on

hard surfaces (e.g., running on asphalt) [3, 4].
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Understanding the risk factors contributing to the occurrence of stress fractures is crucial for

their prevention. Factors such as improper training techniques, excessive load, decreased bone

mineral density, nutritional deficiencies (including calcium and vitamin D), and insufficient

recovery can significantly increase the risk of injury. Early diagnosis, utilizing modern

imaging techniques such as magnetic resonance imaging, allows for the detection of

microtraumas in the early stages, enabling prompt therapeutic intervention [2, 5].

The prevention of stress fractures involves modifying training intensity, optimizing technique,

adjusting footwear and training surfaces, and ensuring proper recovery. Adequate nutrition,

rich in calcium and vitamin D, is also essential for maintaining bone health. By understanding

the mechanisms behind these injuries and implementing effective preventive strategies, their

frequency and impact can be significantly reduced [3, 4].

The treatment of stress fractures depends on the severity of the injury. In the initial stages, rest

and load reduction are recommended, while more severe cases may require rehabilitation or

surgical intervention. Early diagnosis is critical in directing appropriate therapy, preventing

further complications, and facilitating a quicker return to full physical activity [1, 5].

1.Activity type and frequency

The type of physical activity and training frequency are crucial factors in the development of

stress fractures. Sports that involve dynamic loading of the bones, such as running, jumping,

or basketball, are associated with a higher risk of stress fractures due to the repetitive nature

of impacts and movements. Runners, particularly those training on hard surfaces, are

especially vulnerable to injuries caused by repeated foot strikes [6][7]. Increased training

frequency and excessive intensity without adequate rest periods contribute to bone overload,

making the bones more susceptible to microtrauma and stress fractures [8][9].

Furthermore, insufficient physical fitness levels or a sudden increase in training intensity can

also contribute to the onset of stress fractures. Abrupt changes in training patterns, without

proper adaptation, can lead to excessive bone stress, increasing the risk of microtrauma and

stress fractures [10]. It is therefore crucial that training programs are tailored to the athlete’s

individual capabilities, allowing for adequate recovery time and a gradual increase in exercise

intensity.
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2.Female sex

Women, especially younger individuals, exhibit a higher susceptibility to stress fractures

compared to men, which is attributed to specific biological and hormonal characteristics.

During puberty and later in life, women experience hormonal changes that significantly affect

bone health. Particularly low estrogen levels, which are common during menopause and in

cases of menstrual disorders, lead to a decrease in bone mineral density, thereby increasing

the risk of stress fractures [11].

Moreover, women are more prone to the occurrence of the so-called female athlete triad,

which includes eating disorders, menstrual irregularities, and osteoporosis. Inadequate

nutrition, especially calorie deficiencies, leads to a reduction in estrogen levels and a decrease

in bone mineral density, increasing the risk of microtraumas and stress fractures [12].

Menstrual disorders, often associated with intensive training, are also a risk factor as they

induce changes in bone metabolism, which can lead to bone weakening [13].

Women who have not yet achieved full bone maturity are particularly vulnerable to stress

fractures, especially during periods of intense training. Their bones are not fully formed,

making them more susceptible to microtrauma. Additionally, insufficient intake of vitamin D,

calcium, and other nutrients in the diet of female athletes can exacerbate the issue of

compromised bone health [7].

Furthermore, women, compared to men, have different body structures and biomechanics,

which can also contribute to the risk of stress fractures. Smaller bone sizes, lower muscle

mass, and differences in the distribution of forces acting on joints and bones make women

more prone to injuries related to mechanical load [14].

3.Bone geometry

Bone structure and geometry play a significant role in the risk of stress fractures. Cortical

thickness and bone cross-sectional area affect bone strength. Individuals with greater cortical

thickness and wider bones have better resistance to mechanical loads and stress fractures [15,

16]. In contrast, smaller bone geometry leads to decreased strength and higher susceptibility

to injury.
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Low bone mineral density (BMD) is also a critical risk factor. Athletes with reduced BMD,

particularly in endurance sports, are more prone to bone microdamage, which can lead to

stress fractures [17, 18]. Moreover, individuals with low BMD may experience difficulty in

bone tissue regeneration after injuries, increasing the risk of recurrent fractures [19].

4.Nutrient deficiencies

Vitamin D plays a crucial role in the effective absorption of calcium, which is essential for

bone health. Its deficiency can lead to impaired bone structure, increasing the risk of stress

fractures, particularly among younger athletes whose bones are still developing [20]. Calcium,

on the other hand, is integral to bone mineralization, and its deficiency can lead to reduced

bone mineral density, further contributing to the risk of stress fractures [21].

Studies indicate that low levels of vitamin D and calcium in the diets of athletes, especially

those training in environments with limited sunlight exposure, significantly increase the risk

of stress fractures, particularly among adolescents [22]. Additionally, deficiencies in nutrients

such as vitamin D can reduce bone elasticity, diminishing the bones' ability to withstand

repetitive mechanical stress, ultimately leading to microtraumas [23]. Athletes participating in

high-impact sports, such as running or gymnastics, are particularly vulnerable to such injuries

in the presence of inadequate nutrition [20].

Supplementation with vitamin D and calcium may serve as an important preventative measure

against stress fractures, supporting bone recovery and enhancing its resistance to physical

stress. Research suggests that appropriate supplementation of these nutrients can significantly

reduce the risk of injury in athletes [21][23]. Ultimately, maintaining adequate levels of

vitamins and minerals in an athlete's diet is crucial for preventing stress fractures and

promoting optimal bone health and performance.

5.Prior stress fracture

According to research, a history of previous bone fractures is a significant risk factor for the

occurrence of stress fractures in athletes. A prior fracture can lead to compromised bone

integrity, increasing susceptibility to subsequent injuries, including stress fractures.

Additionally, previous injuries may alter movement patterns or loading conditions, which in

turn can contribute to overloading and microdamage to the bone.[24] Other studies suggest

that athletes who have experienced a stress fracture are at a higher risk of recurrence,
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particularly if the rehabilitation process is not comprehensive and does not ensure complete

bone recovery. Mechanical loads resulting from previous injuries, along with changes in bone

structure, may lead to reduced bone strength and an increased predisposition to stress

fractures in the future. Therefore, monitoring an athlete's injury history is crucial for

preventing such injuries [25]

6. BMI

Both high and low BMI are recognized as significant risk factors for the occurrence of stress

fractures in athletes, with their impact on bone health being the subject of numerous studies. A

low body mass index (BMI) can lead to weakened bone structure, thereby increasing the risk

of stress fractures. Women with low BMI, particularly those with eating disorders or low body

mass, tend to exhibit significantly lower bone mineral density (BMD), which is a key risk

factor for the development of stress injuries [26][27]. Insufficient body mass is often

accompanied by low estrogen levels, further exacerbating bone health issues. Women with

amenorrhea, who present with low BMI, have a notably higher risk of stress fractures, likely

due to impaired bone mineralization and structural weakness [28].

Conversely, high BMI is also a risk factor for stress fractures, particularly in weight-bearing

sports. Elevated BMI may lead to excessive loading on the bones and joints, increasing the

risk of overuse injuries and microtraumas, which over time can result in stress fractures [29].

Athletes with higher body weight, especially in disciplines such as running, experience a

greater risk of structural bone damage due to the additional pressure exerted by body mass.

Moreover, individuals with high BMI may have limited muscular endurance, which can lead

to a lack of balance in load distribution, further increasing the risk of bone injuries.

7. Body composition

Research indicates that a higher percentage of body fat is associated with an increased risk of

bone injuries, as excess fat contributes to structural overload on bones and joints during

physical activity [21]. Conversely, higher muscle mass can positively influence biomechanical

stability, reducing the forces transmitted to the bones. Athletes with an optimal muscle-to-fat

ratio tend to have a lower risk of stress fractures, as muscles effectively support bones in

withstanding the mechanical stress associated with intense physical exertion [30].
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Additionally, athletes with greater muscle mass have a higher capacity to absorb the forces

acting on the musculoskeletal system, thereby reducing the likelihood of microtraumas.

8.The Female Athlete Triad

The Female Athlete Triad is a syndrome consisting of three key factors: disordered eating,

menstrual dysfunction, and decreased bone mineral density. These disorders often co-occur in

female athletes and significantly affect the risk of injuries, including stress fractures. As a

result of insufficient calorie intake and nutritional deficiencies, the female body may enter a

state of "energy deficit," leading to hormonal imbalances and menstrual cycle disturbances.

The lack of estrogen associated with menstrual dysfunction can further decrease bone mineral

density, increasing susceptibility to fractures, including stress fractures, particularly in athletes

who are exposed to intensive and repetitive mechanical loads [31,32, 33].

An important aspect is also the emotional and psychological impact, which can lead to further

health problems, including reduced physical performance and impaired tissue repair

mechanisms in the bone [34,35].

Conclusions

Stress fractures are a significant health issue among athletes, particularly those involved in

disciplines that require intense mechanical loading, such as running, jumping, or football.

They result from repetitive microtraumas to the bones, leading to their weakening and

eventually to a fracture. The risk of developing stress fractures increases with improper

training, excessive loading, low bone mineral density, nutritional deficiencies (particularly in

vitamin D and calcium), and insufficient recovery. Other risk factors include abnormal bone

geometry, low or high BMI, and previous injuries. Women, especially younger individuals,

are more susceptible to stress fractures due to specific biological and hormonal characteristics.

Key to preventing these injuries is the proper design of training programs that account for the

athlete’s individual capabilities and provide adequate recovery time. Additionally, maintaining

a diet rich in vitamins and minerals, including calcium and vitamin D, is essential for bone

health. Early diagnosis, facilitated by modern imaging techniques that detect microtraumas, is

crucial for implementing effective treatment and preventing further complications. With

appropriate prevention strategies—based on monitoring training loads, diet, and rehabilitation

after previous injuries—it is possible to significantly reduce the incidence of stress fractures.
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