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Introduction  

In its most classic definition, an overuse injury is a chronic injury due to a high level of 
physiological load exerted on the musculoskeletal system without allowing ample amount of 
rest between training sessions [1,2]. As a result, a quantified amount of overuse cannot be 
specifically defined for the entire pediatric population. 

There has been a recent increase in overuse injuries in children, injuries which are often 
ignored Žƌ�ƚƌŝǀŝĂůŝǌĞĚ�ĂŶĚ�ĂƌĞ�ĐĂƚĞŐŽƌŝǌĞĚ�ĂƐ�͞ŐƌŽǁŝŶŐ�ƉĂŝŶƐ͘͟�,ŽǁĞǀĞƌ͕�ŐƌŽǁƚŚ�ŝƐ�ŶŽƚ�ƉĂŝŶĨƵů�
and musculoskeletal pathologies are responsible for the pain, an invalidating complaint for 
many children. These pains are especially aggravated during pubertal growth spurts when the 
lower limbs develop too quickly and the entire musculoskeletal system is overloaded [3]. 

This chapter will mostly focus on sports-related injuries, even though overuse injuries may 
occur in children who practice little to no sports. Even non-athletic children complaining of 
chronic pains that are typical of these types of injuries frequently seek medical attention. 

Instead of simplifying the issue as one affecting hyperactive athletic children in general, it 
would be preferable to compare it ƚŽ�Ă�ŵŝƐŵĂƚĐŚ�ďĞƚǁĞĞŶ�͞ƐƵƉƉůǇ͕͟�ŝ͘Ğ͘�ƚŚĞ�ŵƵƐĐƵůŽƐŬĞůĞƚĂů�
ƐǇƐƚĞŵ͛Ɛ�ĂďŝůŝƚǇ�ƚŽ�ĐŽƉĞ�ǁŝƚŚ�Ă�ŐŝǀĞŶ�ĂĐƚŝǀŝƚǇ�ŽǀĞƌ�Ă�ĐĞƌƚĂŝŶ�ƉĞƌŝŽĚ�ŽĨ�ƚŝŵĞ�ĚƵƌŝŶŐ�ŐƌŽǁƚŚ͕�ĂŶĚ�
͞ĚĞŵĂŶĚ͕͟�ŝ͘Ğ͘�ƚŚĞ�ŝŶƚĞŶƐŝƚǇ͕�ĨƌĞƋƵĞŶĐǇ͕�ĂŶĚ�ĚƵƌĂƚŝŽŶ�ŽĨ�ŽŶĞ�Žƌ�ŵƵůƚŝƉůĞ�ĂĐƚŝǀŝƚŝĞƐ͖ It should 
be noted that, in certain children, merely activities of daily living may be considered as 
physical activity. 

The most common overuse injuries of one or multiple extremities will be discussed in this 
chapter while concentrating on the more typical sports-related injuries. In order to simplify 
the presentation, reasons for consultation will be discussed first, i.e. pain in either the lower 
or upper limbs. 

Lower limb pain 

Pain located at the knee or tibia is a frequent complaint in preadolescent children seeking 
medical attention. The most common overuse injuries include:  

- Osgood-Schlatter disease 
- Sinding-Larsen-Johansson syndrome 
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These two entities represent 18% of all causes of overuse injuries in the pediatric population 
and form part of the grand family of osteochondroses [4]. 

Osgood-Schlatter disease is defined as chronic inflammation of the patellar tendon at its 
insertion on the tibial tuberosity. In its most frequent form, Osgood-Schlatter disease affects 
girls between 8 and 13 years old and boys between 10 and 15 years old and is the primary 
ailment suffered in France by boys engaging in professional football (soccer) [5]. While striking 
the ball, the quadriceps is locked, the knee is in full extension, and the entire extensor 
mechanism is stressed. Pain, in the absence of appropriate management, may become 
invalidating to the point of preventing the child from participating. 

The typical clinical presentation includes pain during physical activity, tenderness, and, in its 
more severe forms, swelling and erythema at the level of the tibial tuberosity. Conventional 
radiographs are often normal; fragmentation of the secondary ossification center of the tibial 
tuberosity is a normal finding. Contrarily, in its chronic form, ossification of the patellar 
tendon may be rarely seen. Further complementary examination is unnecessary. Radiographs 
themselves are not always required, especially when the clinical findings are typical, and the 
pain is bilateral [6,7]. Care must be taken in case of clinical doubt and radiographs must be 
obtained in the search for a differential diagnosis, particularly bony tumors. 

Sinding-Larsen-Johansson syndrome is the equivalent of Osgood-Schlatter disease of the 
proximal insertion of the patellar tendon [3]. Clinically, the child complains of pain on the 
anterior aspect of the knee; the patient is cannot always precisely localize the pain. Palpation 
of the tip of the patella with the knee in extension and the quadriceps relaxes elicits intense 
pain. As in Osgood-Schlatter disease, radiographs are most commonly normal. In more 
chronic presentation, a spur may be seen on the inferior pole of the patella.  

At the level of the lower limbs, the type of overuse injury also depends on the type of sporting 
activity. In runners, in addition to the two previously discussed injuries, one of the most 
frequent ailments is iliotibial band syndrome [8,9]. Findings are characteristic, since they 
occur mainly during the act of running. The pain is localized on the lateral side of the knee, 
precisely on the lateral aspect of the lateral femoral condyle. The pain is so intense that the 
child will inevitably discontinue the physical activity. The lateral condyle is tender, and rest 
provides relief. However, return to running unavoidably reawakens the pain. However, 
participating in other sporting activities that load the knee in a different manner than running 
may be possible without awakening the pain. Iliotibial band syndrome is generally due to 
excessive friction between the distal iliotibial band and the lateral femoral epicondyle. 

In girls, pain during the act of running is most frequently localized over the anterior tibia [9]. 
Two entities are to be distinguished: Medial tibial stress syndrome (MTSS), and stress 
fractures. MTSS is more commonly encountered in girls, those with little experience in 
running, those with a previous MTSS, and those with a high body mass index (BMI). Contrarily, 
stress fractures are found in high-level adolescent runners [10-12]. It is important to note that 
stress fractures occur on a normal bone. Conventional radiographs are therefore essential in 
the workup of the pain, although they are often insufficient for the official diagnosis. A 
common finding is thickening of the anterior cortex of the tibia. However, the fracture line 
may be subtle and difficult to identify. MRI or CT-scans are sometimes necessary in order to 
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make an official diagnosis [4]. Physicians must be prudent when treating children with 
ŽǀĞƌƵƐĞ�ŝŶũƵƌŝĞƐ�ƐŝŶĐĞ�ƚŚĞǇ�ŵĂǇ�ďĞ�ƉƌĞƐƐƵƌĞĚ�ďǇ�ƚŚĞ�ĐŚŝůĚ͛Ɛ�ƉĂƌĞŶƚƐ͕�ĞƐƉĞĐŝĂůůǇ�ƐŝŶce diagnostic 
delay often leads to apprehension. In some cases, if a tumor is included within the differential 
diagnoses, complementary exams must be ordered in order to rule out the diagnosis. MRIs 
are not always beneficial in stress fractures since cortical bone density is high, and the low 
spatial resolution of the MRI does not allow identification of the fracture line.  

Sever disease is an osteochondrosis similar to Osgood-Schlatter disease and is localized at the 
level of the insertion of the Achilles tendon on the calcaneus [1-4]. Sever disease is very 
frequently encountered in children during growth spurts. Patients typically complain of pain 
at the level of the heel that is exacerbated while walking and particularly during running. For 
some patients, mere contact between the heel and the floor may be impossible due to 
excruciating pain, leading these patients to walk on the tips of their toes. On physical exam, 
there is tenderness while pinching the heel or while palpating the insertion of the Achilles 
tendon. Radiographs are rarely required except when there is diagnostic doubt. 
Fragmentation of the secondary ossification center of the calcaneus is a normal finding and 
is not a sign of Sever disease. Stress fractures may also occur level of the foot. Nevertheless, 
their prevalence remains too low thereby precluding a discussion in this chapter. In patients 
presenting with foot pain in the setting of intense physical exercise, a stress fracture must be 
considered, and an MRI ʹ the preferred imaging modality ʹ must be ordered. 

Upper limb pain 

Overuse injuries of the upper limbs are usually due to excessive traction or compression at 
the level of a joint. The 3 most frequently encountered injuries in the literature are: 

- 'ǇŵŶĂƐƚ͛Ɛ�ǁƌŝƐƚ 
- >ŝƚƚůĞ�ůĞĂŐƵĞƌ͛Ɛ�ƐŚoulder 
- >ŝƚƚůĞ�ůĞĂŐƵĞƌ͛Ɛ�ĞůďŽǁ 

The last two listed injuries are extremely rare in Europe where baseball is not a commonly 
practiced sport, although they are common entities in adolescent pitchers in the United 
States. Moreover, gymnastics is a pediatric sport that is almost exclusively high-performance, 
even though the Olympic games are reserved for those older than 16 years of age. Gymnasts 
reach their highest level of performance even before puberty, with 75% of gymnasts having 
already reported wrist pain during practice or competition [4]. 

'ǇŵŶĂƐƚ͛Ɛ�ǁƌŝƐƚ�ŝƐ�ĂŶ�ŝŶũƵƌǇ�ƚŚĂƚ�ĂƌŝƐĞƐ�ĚƵĞ�ƚŽ�ƌĞƉĞƚŝƚŝǀĞ�ĐŽŵƉƌĞƐƐŝŽŶƐ�ŽĨ�ƚŚĞ�ǁƌŝƐƚ�ŝŶ�ŚǇƉĞƌ-
extension. As a result, there is premature closure of the distal physis of the radius. Initially, 
pain is felt at the level of the wrists, and radiographs are most commonly normal, and MRI 
may show edema of the distal metaphyses of the radius and ulna [13,14]. 

>ŝƚƚůĞ�ůĞĂŐƵĞƌ͛Ɛ�ĞůďŽǁ�ŝƐ�Ă�ŐĞŶĞƌŝĐ�ƚĞƌŵ�ƚŽ�ĚĞƐĐƌŝďĞ�Ă�ŐƌŽƵƉ�ŽĨ�ŝŶũƵƌŝĞƐ�ŽĨ�ƚŚĞ�ĐŚŝůĚ͛Ɛ�ĞůďŽǁ�ƚŚĂƚ�
occur in baseball playĞƌƐ�΀ϰ͕ϭϱ΁͘�,ŽǁĞǀĞƌ͕�>ŝƚƚůĞ�ůĞĂŐƵĞƌ͛Ɛ�ĞůďŽǁ�ƐƉĞĐŝĨŝĐĂůůǇ�ĂĨĨĞĐƚƐ�ƚŚĞ�ŵĞĚŝĂů�
epicondyle of the elbow and is caused by repetitive traction in children aged between 11 to 
15 years old thus leading to chronic widening of the physis of the medial epicondyle. 
Nonetheless, its occurrence in Baseball players is exceptional in France, although it may be 
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ƐĞĞŶ�ŝŶ�ƚĞŶŶŝƐ�ƉůĂǇĞƌƐ͘�dŚĞ�ĨĂŵŽƵƐ�͞ƚĞŶŶŝƐ�ĞůďŽǁ͟�ĞŶĐŽƵŶƚĞƌĞĚ�ŝŶ�ĂĚƵůƚƐ�ŵĂǇ�ďĞ�ƚƌĂŶƐůĂƚĞĚ�
in children by a lesion of the ossification center of the medial epicondyle. Radiographs show 
widening of the physis and the diagnosis is confirmed by signs of inflammation on an MRI. 

>ŝƚƚůĞ� ůĞĂŐƵĞƌ͛Ɛ�ƐŚŽƵůĚĞƌ�ĐŽƌƌĞƐƉŽŶĚƐ�ƚŽ�ĞƉŝƉŚǇƐŝŽůǇƐŝƐ�ŽĨ�ƚŚĞ�ƉƌŽǆŝŵĂů�humerus due to the 
repetitive motion of pitching [15,16]. This injury is exceptional in France. 

TREATEMENT AND PREVENTION [1,6] 

The treatment of overuse injuries is discussed in another chapter. Nevertheless, the essential 
concepts of treatment and especially the prevention of overuse injuries will be touched upon. 

Once the diagnosis is made, it is fundamental to approach these injuries in their entirety, and 
risk factors should be identified promptly. Intrinsic and extrinsic risk factors should be 
differentiated [4,17]. 

Intrinsic risk factors ŝŶĐůƵĚĞ�ƚŚĞ�ĐŚŝůĚ͛Ɛ�ŝŶƚĞƌŶĂů�ƉĞƌƐŽŶĂů factors. These may be further divided 
into modifiable and non-modifiable risk factors. 

Modifiable intrinsic risk factors include BMI, strength, and flexibility [3,4,8,18]. Non-
modifiable intrinsic risk factors include age, height, timing of the pubertal growth spurt, and 
previous overuse injuries. Moreover, having previously been diagnosed with an overuse 
injury is the primary risk factor for the occurrence of another. 

Extrinsic risk factors are, by definition, modifiable and are related ƚŽ� ƚŚĞ� ĐŚŝůĚ͛Ɛ� ĞǆĞrcise 
regimen: Volume, intensity, type of coaching, variability of the exercises, and the level of 
competition before the start of the present season [4,8,9,17]. 

There is no consensus on prevention strategies. However, a period of active rest after a 
competition cycle is indicated. Adapted training with more variability is also recommended 
[17]. 

There is no consensus of the optimal treatment approach either. Some studies suggest 
complete cessation of sporting activities, while others suggest adapting the physical activity 
ďĂƐĞĚ�ŽŶ�ƚŚĞ�ĐŚŝůĚ͛Ɛ�ƐǇŵƉƚŽŵƐ�ŝŶ�ŽƌĚĞƌ�ƚŽ�ůŝŵŝƚ�ƚŚĞ�ƉƐǇĐŚŽůŽŐŝĐĂů�ŝŵƉĂĐƚ�ŽĨ�ĐĞƐƐĂƚŝŽŶ�ŽĨ�ƐƉŽƌƚƐ�
in these young athletes. Some authors suggest programs with stretching and physical 
conditioning [19]. However, no studies have compared the different therapeutic approaches. 
It is always recommended, independently of the adopted therapeutic strategy, not to return 
to intensive competition or sports until after the pain has completely subsided [4]. 

The relationship between the sports medicine physician, surgeon, sports instructor, parents, 
and child must be fluid and transparent in order to, firstly reassure the patient and their 
family, and secondly to accompany the often-protracted healing process. This may sometimes 
even lead to a reconsideration of the practiced sports. However, numerous prejudices often 
persist, and it may sometimes be difficult to discuss these sensitive topics with the patients 
and their families. Nevertheless, it is paramount to remain centered on the initial objective 
and tŽ�ƌĞŵĂŝŶ�ĨŽĐƵƐĞĚ�ŽŶ�ƚŚĞ�ĐŚŝůĚ͛Ɛ�ǁĞůů-being rather than their performance. 
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