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Abstract

Background: The absence of a single, identifiable traumatic cause has been traditionally used as a definition for
a causative factor of overuse injury. Excessive loading, insufficient recovery, and underpreparedness can increase
injury risk by exposing athletes to relatively large changes in load. The musculoskeletal system, if subjected to
excessive stress, can suffer from various types of overuse injuries which may affect the bone, muscles, tendons,
and ligaments.

Methods: We performed a search (up to March 2018) in the PubMed and Scopus electronic databases to identify
the available scientific articles about the pathophysiology and the incidence of overuse sport injuries. For the purposes
of our review, we used several combinations of the following keywords: overuse, injury, tendon, tendinopathy, stress
fracture, stress reaction, and juvenile osteochondritis dissecans.

Results: Overuse tendinopathy induces in the tendon pain and swelling with associated decreased tolerance to
exercise and various types of tendon degeneration. Poor training technique and a variety of risk factors may predispose
athletes to stress reactions that may be interpreted as possible precursors of stress fractures. A frequent cause of pain in
adolescents is juvenile osteochondritis dissecans (JOCD), which is characterized by delamination and localized necrosis
of the subchondral bone, with or without the involvement of articular cartilage. The purpose of this compressive
review is to give an overview of overuse injuries in sport by describing the theoretical foundations of these conditions
that may predispose to the development of tendinopathy, stress fractures, stress reactions, and juvenile osteochondritis
dissecans and the implication that these pathologies may have in their management.

Conclusions: Further research is required to improve our knowledge on tendon and bone healing, enabling specific
treatment strategies to be developed for the management of overuse injuries.
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Background
The specific definition of overuse injury was most com-
monly based on the concept of an injury occurring in
the absence of a single, identifiable traumatic cause [1].
Professional soccer players sustain on average 2.0 injur-
ies per season, which cause them to miss 37 days in a
300-day season on average [2]. Following the updated in-
jury etiology model, training and match load contribute,
together with intrinsic and extrinsic risk factors, to the
multifactorial and dynamic etiology of injury [3]. Not
only excessive loading and insufficient recovery, but also
underpreparedness may increase injury risk by exposing

players to relatively large changes, or spikes, in load dur-
ing periods with higher training and match loads [4].
The tendons transfer the force produced from muscular

contraction to the bone. In most instances, sports-related
tendinopathies present well-defined histopathological le-
sions, providing an explanation for the chronicity of symp-
toms which often occur in athletes with tendinopathies
[5–8].
The aim of the present article is to investigate the

physiopathology, clinical presentation, diagnostic tools,
and management of the most common overuse sport in-
juries. In particular, we focus on tendinopathy, stress re-
action, stress fracture, and juvenile osteochondritis
dissecans, which are the most frequent lesion caused by
overuse. Furthermore, in the first part of this study, to
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better understand the changes of the bone, muscle, and
tendon structures, we mention different mechanisms
present in an overuse situation.
Overuse tendinopathy induces in the affected tendon

pain and swelling, and associated decreased load tolerance
and function during exercise of the limb [9, 10]. Various
types of tendon degeneration have been described at elec-
tron microscopy, namely (a) hypoxic degeneration, (b)
hyaline degeneration, (c) mucoid or myxoid degeneration,
(d) fibrinoid degeneration, (e) lipoid degeneration, (f) cal-
cification, and (g) fibrocartilaginous and bony metaplasia
[11]. Healing of tendinopathic tendons relies on the intrin-
sic ability of tenocytes to respond to the stimulus induced
by the injury to the surrounding tissue matrix [12, 13] and
consists of a cellular response including apoptosis (pro-
grammed cell death), chemotaxis, proliferation, and differ-
entiation [14]. The mechanism underlying the precise
sequence of these events, which balance the effectiveness
of healing and any subsequent predisposition to repetitive
damage, remains obscure.
The essence of tendinopathy is a “failed healing re-

sponse.” This model suggests that, after an acute insult to
the tendon, an early inflammatory response that would
normally result in successful injury resolution veers to-
ward an ineffective healing response [15], with degener-
ation and proliferation of tenocytes, disruption of collagen
fibers, and subsequent increase in non-collagenous matrix
[7, 16–19] (Table 1).
Poor training technique and a variety of risk factors may

predispose players to lower limb overuse injuries affecting
the bone, including stress reactions to full-fledged stress
fractures. The underlying principle of the bone response
to stress is Wolff ’s law, whereby changes in the stresses
imposed on the bone lead to changes in its internal archi-
tecture [20, 21]. Stress fractures, defined as microfractures
of the cortical bone tissue, affect thousands of athletes per
year [22, 23]. Certain subpopulations, including runners,
gymnasts, and female athletes, exhibit higher rates of
stress fractures [24, 25]. If left untreated, a stress fracture
can progress to a complete fracture of a bone, which may
require surgical fixation [26]. In addition, factors contrib-
uting to stress fractures increase the risk for osteoporosis,
a substantial long-term health concern [27].

Stress reactions of the musculoskeletal system may be
interpreted as possible precursors of stress fractures.
Biological tissues, in contrast to artificial products, can
react in numerous and complex ways. This can lead not
only to a continual weakening of the tissue, but also to
adaption phenomena in response to overuse. The causes
of such stress reactions are still unclear.
Juvenile osteochondritis dissecans (JOCD) is a frequent

cause of pain in adolescents, both athletes and
non-athletes. JOCD is characterized by delamination and
localized necrosis of the subchondral bone, with or with-
out the involvement of the overlying articular cartilage
[28–31]. The etiology remains unclear, but repetitive
microtrauma, such as that typical of overuse injury, is con-
sidered the significant factor leading to JOCD [28, 29].

The role of inflammation and molecular factors in
overuse injuries
The effects of an altered inflammatory response
In this model, the question arises as to why the healing
response is successful in some individuals but fails in
others. More importantly, can we identify factors which
may increase the risk of this ineffective healing re-
sponse? For example, the incidence of tendinopathy is
increased in individuals with obesity and decreased insu-
lin sensitivity, as seen in patients with type 1 and type 2
diabetes mellitus (T1/T2DM) [10, 32–34]. Evidence for a
chronic, low-grade inflammatory state in obesity is rep-
resented principally by marked increases in plasma levels
of proinflammatory cytokines such as tumor necrosis
factor (TNF)-a and interleukin (IL)-6, and proinflamma-
tory chemokines such as monocyte chemoattractant pro-
tein (MCP)-1 [34].
Patients with type 1 and type 2 diabetes exhibit a less

effective healing response [35]. Recently, it has been
demonstrated the presence of an independent relation-
ship between impaired insulin sensitivity and the devel-
opment of chronic low-grade inflammation through a
protein, the levels of which are normally physiologically
inhibited by insulin, called FOXO1, a key upregulator of
the proinflammatory cytokine IL-b [35].
Considering the influence that a prolonged state of

low-grade systemic inflammation may have on the heal-
ing process after acute tendon injury, it must be appreci-
ated that tendon healing is a delicate and prolonged
process even under optimal physiological conditions [10,
34]. Even minor disruptions to any of the noted healing
stages could result in a much more prolonged and com-
plicated resolution of injury. Similarly, if several minor
disruptions to this process occur (in the form, for ex-
ample, of microtraumas), complete healing and reso-
lution of injury become progressively unlikely [10].
The acute inflammatory phase noted in the first few

days after a tendon injury is marked by the migration of

Table 1 Types of tendon collagens

Types of
collagens

MW Quantity (%) Localization

Type I 95.000 97–98 Endotenon, epitenon, paratenon, MJT

Type II 95.000 0.2–0.8 OTJ cartilage

Type III 95.000 1–1.5 Endotenon, paratenon, vessel walls, MTJ

Type IV 180.000 < 0.2 Basal membrane of vessels, MTJ

Type V 300.000 < 0.2 Vessel walls, MTJ

MW molecular weight, MTJ muscletendon junction, OTJ osteotendon junction
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inflammatory cells such as macrophages and monocytes
[36]. As the chronic inflammatory state in obesity is as-
sociated with a reduction in the numbers of circulating
macrophages [33], such a decrease in the availability of
circulating cells may result in the mounting of a less ef-
fective early healing response.
Such findings are consistent with a post-injury state of

“failed healing,” in which evidence of matrix disorganization,
increased amounts of extracellular ground substance, and
a degree of separation between collagen fibers has been
noted [37, 38], with associated greater vulnerability to fu-
ture mechanical strain [10].
This relationship may help to explain the influence

that mechanical overuse plays in the development of
tendinopathy. Examining the incidence of tendinopathy
among patients with type 2 diabetes, unilateral or bilat-
eral tendinopathy was found in 32% of the diabetic pa-
tients studied versus 10% of controls [39]. Also, when
the incidence of unilateral tendinopathy among diabetic
patients was examined more closely, 45% were found to
occur in the right shoulder compared with just 27% in
the left shoulder [33].

Molecular factors in overuse injury
A lack of exposure to adequate levels of physiological
stress over a prolonged time period or “underloading”
may paradoxically predispose to overload injury [34]. An
underloaded tendon may become unable to cope with
increased demands imposed on it. Thus, underuse of a
tendon may result in an imbalance between matrix me-
talloproteinases and their inhibitors (tissue inhibitors of
matrix metalloproteinases), with resultant tendon deg-
radation [34].
Molecular agents may link the events of tendon de-

generation and ineffective tendon healing with the pro-
duction and persistence of reactive oxygen species
within both the intra- and extra-cellular milieu of the
tendon tissue [40]. The reactive oxygen production is
strongly influenced by lifestyle factors, e.g., nutrition and
the intensity and frequency of exercise.
The term reactive oxygen species (ROS) encompasses

reactive species derived from oxygen. A free radical is
any species capable of independent existence that con-
tains one or more unpaired electrons [41]. Physiologic-
ally relevant ROS include the superoxide anion (O2−),
hydrogen peroxide (H2O2), hydroxyl radical (HO−), sing-
let oxygen (1O2), and peroxyl radicals (RO2−). An
inter-related group of radical and non-radical reactive
species is the reactive nitrogen species (RNS) [42–44].
The principal site for ROS formation in non-stressed

cells is the mitochondrial respiratory chain. This series
of coupled redox reactions leads to the formation of
ATP with molecular oxygen the ultimate electron ac-
ceptor and being reduced to water [45, 46].

ROS may mediate processes of cell proliferation [47],
differentiation [48], and adaptive responses [45, 49]. At
higher levels, ROS may initiate and/or execute the de-
mise of the cell through programmed as well as necrotic
cell death mechanisms [50–52].
Traditionally, ROS are viewed as imposing cellular and

tissue damage via lipid peroxidation, DNA damage, and
protein modification [45, 53]. However, in themselves, O2−

and H2O2 are not potent biological oxidizers [45], although
certain proteins may be prone to direct modification by
these species. ROS production is involved in various can-
cers (e.g., the lung, colon), coronary heart disease, auto-
immune diseases, etc. [41]. Furthermore, ROS are
implicated in overuse exercise-related damage in muscle
[49] and may impair fracture healing in the bone [54].
Cells and tissues contain many antioxidant molecules,

but many antioxidants are also capable of acting as
pro-oxidants [55]. For example, ascorbic acid in the
presence of iron/copper generates HO−, and with flavo-
noids may generate O2− [55].
ROS may be involved in tendinopathies or other stress

reactions: indeed, synthesis, structure, and integrity of
connective tissues are influenced by them. Reactive spe-
cies may be produced within the intra- and
extra-tendinous environment. Evidence suggest that
ROS constitute a stress factor during not-hard exercise
[49]. Excessive exercise induces elevated ROS produc-
tion, primarily from mitochondria [56]. Exercise also
stimulates the immune response [56–58], with increased
leucocyte numbers, in particular granulocytes. Exhaust-
ive exercise in cross-country skiers produced neutrophil
mobilization and increased ROS generation on subse-
quent stimulation. Enhanced phagocytic O2− generation
accurs approximately 24 h after exhaustive exercise [59].
Increased phagocyte activity probably does not con-

tribute to elevated ROS production during short-term
exercise, but may act as a secondary source of ROS dur-
ing recovery from heavy exercise [59].
During cyclical tendon loading, the period of max-

imum tensile load is associated with ischemia, and relax-
ation with reperfusion. This restoration of normal tissue
oxygenation may lead to enhanced ROS production [59,
60]. There is potential for re-oxygenation resulting in a
cycle of enhanced ROS production, most probably at
sublethal levels within the non-degenerate tendon [40].
Hyperthermia is a feature of tendon use inducing ROS

production. During exercise, the central core temperature
of the muscles can exceed 47 °C [49], a temperature result-
ing in increased ROS production in mitochondria [49].
Similarly, in exercising the tendon, core temperatures may
reach 45 °C, contributing to their damage [60].
During fibrogenesis, ROS, primarily derived from spe-

cialized phagocytes and products arising from lipid per-
oxidation, induce overexpression of fibrogenic cytokines
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and increase the synthesis of collagen [61]. Endogenous
and exogenous ROS may also exert effects on tenocyte
proliferation, development, and viability, with implica-
tions on both tendinopathy and post-rupture healing
[62]. Tenocytes are motile and highly proliferative and
rapidly increase in number following injury [62].
Tenocyte numbers are altered in degenerated tendons,

and the selective deletion of tenocytes from damaged
tendon may be a factor in degeneration, but also a pre-
requisite to healing. Heightened levels of ROS produc-
tion may not only induce cell death, but also determine
the mechanistic form of that death, in particular, the ra-
tio of programed cell death (PCD): necrosis [51].
High concentrations of H2O2 can prevent apoptosis.

Conversely, “bursts” of ROS [51, 63] and reductions in
antioxidant enzyme activity [64] frequently accompany
the induction of apoptosis, and oxidative stress is a com-
mon feature of the late phase of apoptosis [51]. For ex-
ample, the pro-apoptotic transcription factor p53
demonstrates impaired DNA binding following exposure
to ROS. However, it can induce apoptosis by induction
of enhanced mitochondrial ROS generation [65].

Overuse sport injuries
Tendinopathy: consideration and management
Tendinopathy has been hypothesized to result from in-
flammatory changes in the tendon, and secondary to its
frequent or excessive use, assigning the label of “tendin-
itis” or “tendonitis” to such a presentation [9, 10, 66].
However, anti-inflammatory agents are largely unsuc-
cessful in the treatment of the condition [15, 66], and
with the increase in histopathological data showing de-
generative changes but little inflammation, the inflam-
matory hypothesis in overuse tendon injury became
decreasingly popular [10, 15, 36, 67]. The term “tendon-
itis” became increasingly replaced by “tendinosis” [36],
but a definitive diagnosis of either should only be made
following histopathological confirmation [15, 36, 67].
However, it became evident that tendon biopsies from

operated patients were likely to represent the end stage
of a pathological continuum [10], probably demonstrat-
ing a different histopathological picture to that which
would be seen in the initial stages of injury [36, 67]. This
was supported by evidence from human and animal bi-
opsies that showed that both peritendinitis and a failed
healing response, wrongly labeled “tendinosis,” could be
present concurrently [36].
In tendinopathic lesions, the parallel orientation of

collagen fibers is lost, with a decrease in collagen fiber
diameter and in the overall density of collagen. Collagen
microtears may also occur and may be surrounded by
erythrocytes, fibrin, and fibronectin deposits. Normally,
collagen fibers in tendons are tightly bundled in a paral-
lel fashion. In tendinopathic samples, there is unequal

and irregular crimping, loosening, and increased wavi-
ness of collagen fibers, with an increase in type III (rep-
arative) collagen [17, 19, 68–71]. Vascularity is typically
increased, and blood vessels are randomly oriented,
sometimes perpendicular to collagen fibers [72, 73]. In-
flammatory lesions [72–75] and granulation tissue [74,
75] are infrequent and, when found, are associated with
partial rupture: therefore, tenocytes are abnormally plen-
tiful in some areas [76, 77].
Tendinopathies are common in elite and recreational

athletes and are traditionally considered overuse injuries,
involving excessive tensile loading and subsequent break-
down of the loaded tendon [78, 79]. Although acute trau-
matic conditions such as ligament and muscle tears
receive much attention in the lay press, tendinopathies ac-
count for much of the lost time in practice and competi-
tion [80, 81].
Biopsy studies have shown that classic inflammatory

changes are not frequently seen in chronic tendon condi-
tions and that histopathology features in tendinopathic ten-
dons are clearly different from normal tendons [82, 83].
All tendons can develop tendinopathy [5, 84]. The

supraspinatus, common wrist extensor, quadriceps, patellar,
posterior tibialis, and Achilles tendons are probably the
most commonly affected tendons. Insertional tendinopathy
is one of the most common forms of tendinopathy, and, in
particular, the supraspinatus, common wrist extensor, quad-
riceps, and patellar tendons are most affected by it [84].
The Achilles tendon, on the other hand, can present tendi-
nopathy of the main body of the tendon, paratendinopathy
and insertional tendinopathy, each with different clinical
features and management implications [84].
Achilles tendinopathy (AT) is a common overuse in-

jury among athletes, with an increasing incidence over
the past 30 years [85, 86]. AT is particularly prevalent in
athletes whose sport involve running and jumping activ-
ities [87, 88] and is thus common in sports such as soc-
cer. In the four principal soccer leagues in England,
there are an average of 3.5 Achilles tendon-related injur-
ies per week in the preseason and an average of one in-
jury per week in the competitive season [89, 90].
Tendinopathies may result from excessive loading of the

tendon and subsequent mechanical breakdown of the
loaded tendon [91]. Theoretically, repeated microinjuries
may occur, and the tendon may be able to heal a certain
level of microinjury. However, as training and heavy load-
ing of the tendon continues, this healing process may be
overwhelmed, and a further injury ensues.
Other factors in addition to training errors may lead

to increased loading of the tendon, such as poor tech-
nique [92, 93] or inadequate athletic equipment [94].
Also, intrinsic factors, such as the status of the muscles,
ligaments, and bones surrounding the tendon, may alter
the level of the load on the tendon [19]. Recent
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biomechanical studies about failure modes of the
muscle-tendon units have shown that failure occurs within
the muscle near the muscle-tendon junction [95, 96].
Relatively, little is known about the role of neuronal

regulation in tendinopathy, and the source of pain has
not been clarified yet [97]. The presence of pain in ten-
dinopathy requires not only mechanical changes, but
also alterations in the way the local cells and the periph-
eral nerves react to this change. A recent systematic re-
view showed that the peripheral neuronal phenotype is
altered in tendinopathy [97] and that the peripheral and
central pain processing pathways are important factors
in the pathogenesis of painful human tendinopathy.
Changes in the peripheral neuronal phenotype may be
the primary source of pain [97].

Clinical history and examination are essential for diagno-
sis. Clinically, tendinopathy is characterized by pain, swell-
ing (diffuse or localized), and impaired performance [6].
Pain is the cardinal symptom, and it occurs at the be-

ginning and a short while after the end of a training ses-
sion. As the pathological process progresses, pain may
occur during the entire exercise session, and, in severe
cases, it may interfere with the activities of daily living.
Clinical examination is the best diagnostic tool. In tendi-
nopathy of the main body of the Achilles tendon, the lo-
cation of pain is 2–6 cm above the insertion into the
calcaneum, and pain on palpation is a reliable and accur-
ate test for diagnosis [98].
In addition to the swelling on the posteromedial aspect

of the tendon and palpation pain, some clinical tests
have been described for non-insertional AT diagnosis.
They can be divided into palpation tests (tendon thick-
ening, crepitus, pain on palpation, the Royal London
Hospital (RLH) test, the painful arc sign) and tendon
loading tests (pain on passive dorsiflexion, pain on single
heel raise, and pain on hopping).
Plain radiography can be used to diagnose associated

or incidental bony abnormalities [99].
Ultrasound is an effective imaging method since it cor-

relates well with the histopathologic findings despite being
an operator-dependent [100]. MRI studies should be per-
formed only if the ultrasound scan remains unclear. The
ultrasound (US) signs of hypoechoic areas, spindle-shaped
thickening, neovascularization, and paratenon blurring
[101] are associated with AT [102] and may be potential
predictors of future tendinopathy [87] when present in
asymptomatic individuals.
The first line of management for AT is conservative,

and different treatments such as nonsteroidal
anti-inflammatory drugs, physical therapy, taping, cryo-
therapy, shock wave therapy, hyperthermia, and various
peritendinous injections have been used with varying suc-
cess [103]. The management of AT lacks strong
evidence-based support, because few treatment modalities

have been investigated in randomized controlled trials
[103], and approximately 25% of patients do not respond
to conservative management [104]. Good results have
been reported with eccentric exercises [105, 106], but
these alone may not work in all patients [107], and their
mechanism of action is not completely understood [106].
These are the most effective conservative treatment for
non-insertional AT. The most commonly used protocol is
the Alfredson’s protocol: the exercises are performed in
three sets of 15 repetitions, twice a day for 12 weeks [108].
ESWT, when compared with eccentric strengthening

in a RCT, showed comparable outcomes, with 60% of
the patients at least significantly improved in both of the
treatment groups, and significantly better than those in
the “wait and see” control group [109]. Where available,
ESWT should probably be a second-line treatment.
Various injection therapies have been proposed [110]. In

a recent systematic review [111], only ultrasound-guided
sclerosing polidocanol injections seemed to yield promis-
ing results, but these results do not appear to have been
duplicated outside Scandinavia [112]: indeed, Ebbesen et
al. [113], in a RTC, concludes that polidocanol injections
are a safe treatment, but in the mid-term, the effects are
the same of a placebo treatment for chronic Achilles ten-
dinopathy. The use of platelet-rich plasma (PRP) is grow-
ing exponentially, especially among sports medicine
physicians, but the only well-designed RCT published on
PRP in AT showed no significant difference in pain or ac-
tivity level between PRP and saline injection at 6, 12, or
24 weeks when combined with an eccentric stretching
program [114]. High-volume image-guided injections
(HVIGI) significantly reduce pain and improve function in
patients with resistant AT [115]. A recent study found
relevant clinical results with the contemporaneous admin-
istration of platelet-rich plasma and high-volume
image-guided injections of saline treatments, which influ-
ence tendon repair by different mechanisms and grants a
greater improvement for patellar tendinopathy [116].
Conservative treatment fails in between one quarter

and one third of patients, and surgical intervention is re-
quired [117]. Minimally invasive therapies which strip
the paratenon from the tendon, either directly [118] or
indirectly with high-volume fluid injection [115], have
shown good initial results in relieving the symptoms of
non-insertional AT [103, 119].
Another technique consists in multiple percutaneous

longitudinal tenotomies, which can be performed under
ultrasound guidance [120, 121]. Minimally invasive surgi-
cal treatment would appear to be a useful intermediate
step between failed conservative treatment and formal
open surgery [103].
The high recurrence rate (27%) for AT when managed

conservatively reflects the chronic and recurrent charac-
ter of this condition. The frequent relapse of symptoms
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when players return to football after a short rehabilita-
tion period could be explained if the pain is only the tip
of the iceberg. Therefore, it could be suggested that a
longer rehabilitation period at the first signs of AT could
be beneficial to avoid recurrences [122].

Stress reaction and stress fracture
Stress reactions may be interpreted as precursors of
stress fractures [123]. The causes of such stress are still
unclear. For example, it is unknown to what extent a
predisposition to these stress symptoms by mechanical
stress alone or whether other factors such as physical
condition, nutrition, or even hormone balance come in
to play. Early diagnosis considerably reduces the impair-
ment of the healing process. The treatment of a stress
reaction should be the same as for a diagnosed stress
fracture [123]. Much of our epidemiological knowledge
about stress fractures originates from research on mili-
tary recruits [124] and high school athletes [25].
The response of the bone to repetitive stress is increased

osteoclastic activity over osteoblastic new bone formation,
which results in temporary weakening of the bone [125].
The eventual adaptive response is periosteal new bone for-
mation to provide reinforcement [126]. However, if phys-
ical stress continues, an osteoclastic activity may
predominate, resulting initially in microfractures (com-
monly seen as bone marrow edema on MRI, consistent
with a stress reaction), and eventually, a true cortical break
(stress fracture) may result [1]. If strain becomes excessive
or adequate rest is not implemented, stress reaction and
eventually a stress fracture can results [126, 127].
There is a difference between stress fractures from fa-

tigue and insufficiency type. Fatigue fractures are the
typical overuse stress fractures observed in athletes and
military recruits with normal bone density. They result
from an imbalance in the ability of the bone to keep up
with skeletal repair from an excessive bone strain with
progressive accumulation of microdamage [126]. An in-
sufficiency fracture is seen in those with low bone min-
eral density (BMD), such as runners with the female
athlete triad; metabolic bone disease; or osteoporosis. In-
sufficiency fractures result from poor bone remodeling
(increased resorption and depressed formation) in re-
sponse to normal strain [126].
Rizzone et al. [128] investigated the epidemiology of

stress fractures in 671 collegiate student-athletes for the
academic years 2004–2005 through 2013–2014. The rate
of stress fracture was highest among endurance athletes
and higher in women than in men. Higher rates among
female athletes were found not only in cross-country
athletes, indoor track, and outdoor track athletes, but
also in basketball and soccer athletes. Twenty-two per-
cent of stress fractures were recurrent, and 20% resulted
in season-ending injuries [128].

The number of reports in the literature of lower extrem-
ity stress fractures in female soccer athletes is small [129].
Of the 18 million Americans who play soccer, 78% are
younger than 18 years and more than 40% are female
[130]. Women collegiate soccer increased from 1855 ath-
letes on 80 teams during the 1981–1982 seasons to 22,682
athletes on 956 teams during the 2007–2008 seasons,
making women’s soccer the NCAA sport with the greatest
number of athletes [131]. A study of 2016 [132] showed
that elite female soccer athletes are susceptible to stress
fractures and menstrual dysfunction and experience de-
layed onset of menarche despite normal BMI and appro-
priate body perception and attitudes toward eating.
Education about the detrimental effects of menstrual dys-
function and the importance of adequate energy balance
and nutritional requirements should be encouraged to
minimize the risk for poor bone health, manifesting as a
stress fracture in the short term and osteoporosis over the
long term in these athletes [132, 133].
The typical history of a stress fracture is localized pain

of insidious onset which is initially not present at the
start but occurs toward the end of a run. A sign of a
more advanced fracture is pain progressing to occur dur-
ing non-running-related activities, affecting day-to-day
walking [126].
Defining the causative risk factors for stress fractures

is difficult because there are many interrelated variables
which make risk assessment problematic to study inde-
pendently. Extrinsic and intrinsic factors may lead to
stress fractures [126, 133, 134]. An increase in frequency,
duration, or intensity of training load is often cited as a
primary risk factor [135]. Hard training surfaces are also
factors associated with lower-limb overuse injuries [135].
Training in shoes older than 6months is a risk factor for
stress fractures, likely related to the decrement in shock
absorption as shoes age [135].
Regarding the intrinsic factors, Bennell et al. [22] dem-

onstrated that smaller calf girth and less muscle mass in
the lower limb of female runners was associated with a
higher incidence of stress fractures. Kinematic and kinetic
biomechanical variables have also been recently studied as
potential risk factors for stress fractures; for example, in
runners, an excessive hip adduction and rear-foot eversion
are predictors of tibial stress fractures [136].
The hallmark physical examination finding is focal bony

tenderness. Overlying swelling, erythema, or warmth are
other potential examination findings. Less sensitive tests
for fractures of long bones include the fulcrum test and
hop test [137]. A functional kinetic chain assessment is
useful to elucidate biomechanical factors that may predis-
pose the runner to injury. Evaluating muscle imbalances,
leg-length discrepancies, foot mechanics, genu varum, and
femoral anteversion is appropriate because all have been
associated with stress fractures [137].
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Radiographic imaging should be used to supplement
the clinical history and physical examination if uncer-
tainty persists. Imaging can also be used to grade the se-
verity of an injury and can thus be helpful in guiding
treatment. CT is best used to differentiate lesions seen
on a bone scan that may mimic stress fracture, including
osteoid osteoma, osteomyelitis, and malignancy [138].
MRI is becoming the imaging study of choice, with
many considering MRI the gold standard for the evalu-
ation of bony stress injuries [139].
It is not only important to understand the significance

of protection and rest, but also to understand the predis-
posing factors to the injury. Treatment is the time to ex-
plore and treat the contributing risk factors. For example,
if low bone density is found, appropriate treatment is
mandatory; if biomechanical issues are identified, and in-
appropriate shoes and training are determined, and spe-
cific rehabilitation is required [126].
Therapeutic ultrasound and electrical stimulation are

purported modalities for enhancing the healing rate of
fractures. Therapeutic ultrasound has been demonstrated
to decrease healing time in acute tibial shaft, in distal ra-
dius fractures, and in navicular stress injuries [140, 141].
Electrical stimulation for bone growth has some support
in delayed unions and non-unions, but only in uncon-
trolled trials for stress fractures [142].

Juvenile osteochondritis dissecans (JOCD)
JOCD is a frequent cause of knee pain in adolescent ath-
letes and non-athletes, with an incidence higher in boys
than in girls [143, 144] and with delamination and local-
ized necrosis of the subchondral bone. The etiology re-
mains unclear [28, 29, 31]. Repetitive microtrauma, such
as that of overuse injury, is considered the significant
factor leading to JOCD [28, 29, 145].
The most common site of JOCD is the medial femoral

condyle, accounting for 85% of the cases [28]. The term
“osteochondritis” suggests an inflammatory etiology:
however, histology shows damage of the bone and cartil-
age with no inflammation [146]. Local bone vascular in-
sufficiency is also postulated to contribute to JOCD [29].
Highly active athletes present with a history of aching

and gradual onset of knee pain of several days to weeks
duration, typically located over the anterior portion of the
knee, worse during activity. There may be a history of
intermittent knee effusion following a practice or game
session [29].
The examination may reveal mild effusion or limita-

tion of motion of the knee. Findings may also vary de-
pending on the stage of the disease [147]. In the early
stages, with the articular cartilage over the femoral con-
dyle still intact, the signs are non-specific. In the later
stages, when the articular cartilage is eroded, the frag-
ment may separate and become an intra-articular loose

body. This can cause pain, effusion, and locking. Typic-
ally, in lesions, the medial femoral condyle when the ath-
lete flexes and internally rotates the leg, from full
extension to about 30°, pain is elicited and is relieved
upon external rotation [28, 29].
Radiographic examination, with comparison with the

other knee, is indicated when JOCD is suspected. In
addition to the anteroposterior (AP) and lateral views, a
tunnel view is useful to better identify the lesion, which
appears as a well-demarcated radiolucent area [29, 31].
In those who demonstrate significant edema, a hemar-
throsis or discomfort, and inability to bear weight with-
out pain, an MRI is often obtained. An MRI can be
helpful in identifying unstable lesions [31].
Suzue et al. [148] investigated the prevalence of JOCD in

children and adolescent soccer players using a question-
naire, distributed to 1162 players. Of these, 547 patients ex-
perienced pain in the legs or lumbar spine. Radiographic or
ultrasonographic examination was performed in 106
players, and 80 (75.5%) were diagnosed JOCD. In conclu-
sion, the majority of players who had experienced pain and
were found to have osteochondritis had severe injuries such
as JOCD or lumbar spondylolysis [148].
Early diagnosis followed by restriction of activities and

symptomatic treatment of pain generally allows for heal-
ing of lesions over a period of 8–12 weeks [30, 31, 149].
Spontaneous healing of the lesion is the usual outcome
in children and adolescents with open distal femoral
physis. Prognosis is excellent in younger patients [149].
Treatment is based on the stability of the lesion and

the status of the overlying cartilage. The lesion may be
unstable or loose, and these cases as well as in those ath-
letes with large effusions or with marked symptoms
which do not improve with conservative care may go to
surgery for drilling, reattachment, or excision of the
osteochondral lesion [31].

Conclusions
Overuse injuries can affect the muscle, tendon, and bone.
Tendon injuries give rise to substantial morbidity, and
current understanding of the mechanisms involved in ten-
don injury and repair is limited. Tendon physiology and
structure may include ROS involvement in various aspects
of the predisposition to and participation in the degenera-
tive process and subsequent response to injury. Bone can
be damaged by repeated microtrauma and overuse. Stress
reaction and stress fractures are very common in athletes,
and the treatment consists in the treatment of the risk fac-
tors. Further research is required to improve our know-
ledge of tendon and bone healing. This will enable specific
treatment strategies to be developed.
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