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Sports-related overuse injuries in spine
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The spine balances the torso, disperses the force transmitted from the upper and lower limbs, and acts as a bridge between the upper and lower extremities during exercise. Because the spine is exposed to repeated stress during exercise
for a long time, the incidence of overuse damage during exercise and training is known to be high. Overuse injury in the
spine could occur in various exercise events. It occurs in the vertebral body, joint structures (facet joint and intervertebral
disc), and core muscles surrounding the vertebrae. Spinal overuse injury of the vertebrae is typically a stress fracture that
occurs in pars interarticularis. Overuse injury typically in the intervertebral disc is known as progressed degeneration
and herniation. Core muscles surrounding the spine are known to play an essential role in preventing overuse injury in
the spine. In the event of pain during or after the game, active diagnosis and treatment of causes can prevent from progressing to overuse injury. Additionally, resting and rehabilitation treatment are important for athletes to return to the
game promptly and smoothly after overuse injury.
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INTRODUCTION

DEFINITION OF OVERUSE INJURY

Back pain is one of the most common pain conditions
faced by professional and amateur athletes [1]. In adolescents (8–16 y), back pain is the second most common
musculoskeletal pain, and > 20% of adolescent sportsrelated spinal injuries occur in the cervical or lumbar
spine [2].
Spinal injury during sports is common because of the
spine’s role in the human body. The spine is the main
center axis for balancing the human torso and acts as a
bridge between the upper and lower extremities. Because
of its role as a bridge, it is responsible for most axial loading forces while dispersing any force applied to the upper
and lower extremities. Last, the spine is exposed longer
to repetitive stress during sports than other parts of the
musculoskeletal system, causing a higher incidence rate
of chronic and/or overuse injury [3].

Various types of injuries occur during sports, and injury
types are classified according to chronicity. The International Olympic Committee defines sports injury as “new
or recurring musculoskeletal complaints incurred during
competition or training that require medical attention,
regardless of the potential absence from competition or
training” [4].
Generally, sports injuries can be categorized into three
types: (1) traumatic spine injury, (2) subacute recurrent
injury or chronic degenerative condition, and (3) game
or sports training-related overuse injury. However, definitions related to these injuries during exercise have been
used interchangeably in the existing literature and studies.
Overuse injury occurs when repetitive submaximal
loading is forced on the musculoskeletal system while the
body is not fully recovered and unable to adapt from pre-
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vious sports injuries [5]. The amount of force stressed on
the body and the lack of ability to endure cause overuse
injury. In terms of pathophysiology, overuse injury occurs
when repetitive microinjury is forced to healthy tissues or
repetitive minor force is applied to the previously injured
tissues. Once the overuse injury is present, athletes cannot practice in optimal condition and become unable to
achieve their best physical ability [6].
There are many pieces of literature regarding overuse
injury during sports. However, because types of sports
events are so diverse, few studies have focused on the
prevalence and treatment progress of each sports type,
and because each exercise has different characteristics,
there have been few reports of comparative studies on
overuse injuries by sports type. Particularly, level 1 or level
2 studies comparing different types of sports almost do
not exist because of the uniqueness of each sports type.

INCIDENCE RATE OF SPORTS-INDUCED
OVERUSE INJURY IN THE SPINE
The incidence of overuse injury during exercise or sports
games is reported to range from 1% to 40% according to
the type of sport [7]. The most common overuse injury
that occurs in the vertebrae is spondylolysis as a form of
pars interarticularis defect (Fig. 1). The rate of spondylolysis due to overuse prevalence is reported to be 0% in
newborns, 4.4% in < 6 years old, and 6% in adults [8–10].
The incidence rate is higher in athletes (17.5%) [10].
Spondylolysis incidence rates according to the sports
type from high to low are as follows: diving (35.38%),
cricket (31.97%), baseball/softball (26.91%), rugby
(22.22%), weightlifting (19.49%), sailing (17.18%), table
tennis (15.63%), and wrestling (14.74%) [10].
In adolescent athletes < 18 years old, sports with a
higher incidence rate of spondylolysis differed accord-

Fig. 1. Stress fracture on pars interarticularis. Stress fracture occurring in
pars interarticularis is a typical example of overuse injury developing in
the vertebrae.
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ing to gender. The total incidence rate was reported to
be 30%. However, in male adolescent athletes, baseball
(54%), soccer (48%), and hockey (44%) showed the highest incidence of spondylolysis in that order, whereas in
female adolescent athletes, gymnastics (34%), marching
band (31%), and softball (30%) showed the highest incidence of spondylolysis in that order [11]. However, there
is no reported literature specifying the most common
sports that cause spondylolysis.

ANALYZING SPORTS TYPE AND
BIOMECHANICAL CAUSES OF OVERUSE
SPINAL INJURIES DURING EXERCISE
Many sports induce overuse injury, and most overuse
injuries include spinal damage. Particularly, acute traumatic injury occurs in competitive, fast-moving, and
frequent physical contact sports, such as skiing, rugby,
hockey, soccer, and wrestling. Overuse injury that occurs
in sports does not require frequent physical contact but
demands the same repetitive actions, such as gymnastics,
dance, swimming, and weightlifting [7]. Yet there is no
consensus on which sports type causes the most overuse
spinal injury.
The causes of spinal overuse injury differ according to
each sports type. In gymnastics, the action causes hyperextension and hyperflexion of the spine, leading to severe
shear force on the lumbar spine. Also, gymnastic move-

Fig. 2. Jerking movement of weightlifters to lift heavy weight. Stress
concentration can be added to the lower lumbar spine during jerking
movement during weightlifting. Repetitive exercise such as jerking
movement causes overuse injury to the vertebral body and joint structures around the lumbar spine.
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ments continuously require excessive flexibility of the
spine and other joints. Furthermore, gymnastic movements cause damage to the muscles and ligaments easily
due to excessive flexibility. Statistical reports showed that
athletes who practice rhythmic gymnastics complain of
severe lumbar pain compared with the general population [12].
In exercises, such as weightlifting, a sudden compressive force and shear force could be simultaneously applied to the spinal facet joint during jerking movement
due to the characteristics of lifting at once (snatch) or
step by step (the clean and jerk). Additionally, the pressure in the thoracic and abdomen increases during training and may lead to an increase in intervertebral disc
pressure [13]. The spinal extensor muscles act as central
muscles to support external forces in squatting and deadlifting postures, and repeated exercise increases the risk
of injury (Fig. 2). For this reason, most weightlifters complain of back pain, followed by sprains, muscle injuries,
and ligament injuries [14]. The prevalence of pain during
games or training is approximately 43%, and back pain is
the most common as approximately 32% complain about
back pain [15,16].
In volleyball, when strikers attack (i.e., spike), their posture induces kyphosis of the spine (rapidly changed from
lordosis), causing twisting, lateral bending, and flexion of
the spine, which are known to cause spinal injuries. The
repetitive spikes and jumps of volleyball players cause
strong flexion, extension, and rotational force to the lumbar spine, thus causing acute or chronic damage to the
lumbar spine, intervertebral disc, and muscles (Fig. 3)
[17]. Musculotendinous strain is known as the most common form of overuse spinal injury in volleyball players

Fig. 3. The posture of volleyball players to make strong attacks. Repeated jumping and spiking motion of volleyball players cause flexion, extension, and rotational force to the lumbar spine, thus causing acute or
chronic injury to the vertebral body, joint structures, and core muscles.

8

[18].
Skiing is known as a sport that has (1) adverse trunk
kinematics, including combined occurrence of frontal
bending, lateral bending, and torsion; (2) high ground
reaction forces; and (3) excessive exposure to low-frequency whole-body vibrations (–4 to 10 Hz, a frequency
close to the resonant frequency of the spine, known to
cause the most damage to spinal structures). However,
there is a lack of research on exercise that can cause overuse damage to the lumbar spine due to its mechanical
properties [19–21]. Adolescent skiers (16–20 y) should
exercise or train with particular caution. In particular,
considering the study that reported that the strength of
spin overloading can be applied to the spine depending
on the snow condition, additional research on the skiing
environment is also needed [22].

THE IMPORTANCE OF SPINAL STRUCTURES
AND MUSCLES IN OVERUSE INJURIES
DURING EXERCISE
Bone and joint abnormalities
The anatomical structures of the spine (mainly cervical
and lumbar), which are easily damaged during exercise,
vary depending on the external force applied to the spine
and biomechanical environment. For structures that play
a significant role in the movement of the spine during
exercise, osseous structures (vertebrae and facet joints)
and intervertebral disc as a specially designed joint could
be considered a primary structure to provide mechanical
stability. Thus, primary overuse injury occurs in bone and
joint structures of the spine, whereas secondary overuse
injury develops in core muscles around the spine.
Injury may occur in the vertebral body, which is directly
subjected to the stress applied to the spine, and the joint
structures (facet joints and intervertebral discs), which
connect the vertebral bodies. Spinal stress fractures and
stress-induced disc degeneration are the most wellknown overuse spinal injuries. The main symptom of
spinal stress fractures is low back pain, and spinal stress
fracture occurs in the vertebral body, pedicle, and pars
interarticularis (Fig. 1). The most common causes of spinal stress fractures are repeated flexion, hyperextension,
and rotational movements, of which the excessive extension is a key factor (e.g., for developing spondylolysis
and stress reactions in the pars interarticularis). Injury of
joint structures of the spine occurs mainly at the lumbar
level and to a lesser extent at the cervical level. Low back
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pain caused by overuse injury differs depending on age.
In adults, intervertebral disc and facet joint injuries are
the main causes of pain, and in adolescents and children,
spondylolisthesis is the main cause [23]. It mainly occurs
in dance, soccer, American football, wrestling, weightlifting, cricket, ice hockey, and tennis. Gymnastics is the
most known cause of stress-related osseous changes in
the spine.
Repetitive stimulation during exercise can cause degeneration and damage to the intervertebral disc and
cause lower back pain. However, the pathophysiology of
intervertebral disc damage related to sports has not yet
been clarified, and no consensus exists. The most wellknown pathophysiology of an intervertebral disc injury in
a previous study is that if there are repeated movements
of flexion and extension, the trunk muscles are weakened
and, as a result, the bearing capacity for perturbation and
repetitive loads applied to the spine is weakened. Finally,
injuries of the annulus fibrosis and low back pain occur [24]. Repeated stimulation and external forces cause
an inflammatory change in the intervertebral disc and
are accompanied by changes in the endplate. This leads
to rupture of the annulus proceeding from the nucleus
pulposus to the outside of the intervertebral disc, and
nociceptive nerves of the medial annulus fibrosus are
stimulated by biochemical degradative products, resulting in low back pain [25]. In adolescents, the etiology of
intervertebral disc injury is the instability of the annulus
fibrosus around the intervertebral disc due to spinal
apophyseal injury during exercise [26].

The importance of trunk muscles
The trunk muscles are known as actuators, controllers,
and stabilizers that cause body movement. The trunk
muscles are responsible for significantly increasing the
load on a person’s spine while resisting external loads
(gravity and inertia when held by hand), performing
tasks, controlling movement, and stabilizing the spine.
The trunk muscles play a significant role during exercise,
and excessive load or repetitive stress on the spine can
be a major cause of spinal injury and back pain (Fig. 4)
[27–29].
There are a limited number of studies on external forces
that affect muscles, ligaments, and joints (facet joints and
intervertebral discs) during exercise due to the dynamic
change of biomechanics on the spine [28,30]. However,
according to recent research of the biodynamics of the
spine in transient loading using a computer spine model,
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Fig. 4. (A) Local system and (B) global core muscles. Local system
muscles like multifidi, iliocostalis, and longissimus (lumbar portions)
are located adjacent to the spine and are mostly aponeurotic muscles,
whose connection to the bone (origin and insertion) has no tendon but
connective tissues in a flat shape. Global muscles such as psoas muscle
and erector spinae are the superficial muscles that are generally fusiform in shape and act mainly to generate torque and joint movement.

rapid movement, jerky motion of lifting the barbell during weightlifting, and inertia load caused by sudden
weight load and decreased motion exert a significant
external force on the spine. The external force applied
to the spine is indirectly increased by offsetting the total
motion moment acting on the spine and increasing the
muscle force to maintain the spine’s stability. The directly
or indirectly increased external force causes injury to the
vertebral body and spinal joint structures. In overuse spinal injuries during game and training, muscle and ligament injuries occur most commonly in the lumbar spine,
followed by cervical spine injuries [7].
Also, spinal overuse injuries mostly occur when athletes
pose an anterior flexion position. Sudden movements
in the forward flexion posture apply an external force 10
times more to the vertebral body than those in the upright posture. The forward flexion posture of the lumbar
spine causes changes in the line of motion of the longissimus and iliocostalis muscles. When the anatomical
alignment of the muscles around the spine is changed,
a decrease in the resistance of the muscles to shear and
increased compressive forces during exercise occurs.
Eventually, the stability of the core body decreases, and
the deterioration of the stability of the core body causes a
decrease in the muscle capacity required for accelerated
movement [24]. This decreased stability of trunk muscles
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and related muscle injury or decreased muscle function
can cause spinal overuse injuries. Thus, the core muscles
surrounding the spine are known to be critical for injury
during exercise (Table 1) [31].
The incidence of overuse cervical spine injury is lower
than that of acute traumatic injury. It is known that
changes in the soft tissues surrounding the cervical spine
caused by repetitive and chronic stimulation mainly affect the posterior ligament complex or the facet joint [32].
The main mechanism is known as traction or hypertraction of the posterior spinal muscle group and the posterior longitudinal ligament in flexion or hyperflexion [33].
When cervical vertebra pain occurs because of stimulation or injury, a decrease in cervical lordosis occurs. Then,
the vertebral body and soft tissues (muscles, ligaments,
and intervertebral discs) around the vertebral body’s
ability to distribute the external force applied to the surrounding tissues decrease. The usual overuse cervical
spine injury symptom is persistent discomfort, not severe
pain.

TREATMENT
If the spinal overuse injury is not treated properly or delayed, it can reduce sports activity due to pain, decrease
function, and cause psychological fatigue and severe
pain. Also, because pain caused by overuse injuries progresses gradually, damage is often overlooked [34]. Thus,
it is necessary to accurately analyze and treat the cause of
pain at an early stage.
Once the pain originating from the muscles around the
vertebral body and the trunk is confirmed, it is important
to reduce the external forces applied to the spine and
reserve posture that could lead to vertebral body over-

Table 1. Core muscle composition [31]
Local system
•M
 uscles that originate from and/or are inserted in the
lumbar vertebrae, except the psoas, including multifidus,
transverse abdominals, internal obliques, and pelvic floor muscles
• Position dependent and acting locally
• Controlling curvature, stiffness, and stability of the lumbar spine
Global system
• Muscles that originate from the pelvis and are inserted on the
thoracic cage, including rectus abdominis, quadratus lumborum,
erector spinae, and external obliques
• Distributing outer forces acting on the body
• Transferring load between the pelvis and the thoracic cage
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use injuries. No consensus is formed among researchers
about the relationship between the degree and frequency
of external force applied to the vertebral body during exercise and spinal pain. Zemková et al. [27] reported that
the higher the amount of exercise, the more repetitive
the exercise program and the more the spinal overuse
damage. The resting period may vary depending on athletes (public, amateur, and professional), exercise type,
and injury degree, but in general, considering the acute
recovery of muscles, ligaments, intervertebral discs, and
bones, a resting period of approximately 6 weeks is recommended. Anti-inflammatory drugs are concurrently
used to control pain and suppress acute inflammatory
responses. A recent randomized controlled trial showed
that steroid preparations are ineffective in reducing spinal pain compared with existing drugs [35].
Drug and recovery exercise therapies can be combined.
Recovery exercise therapy aims to gradually promote
movements that can put a strain on the trunk muscles by
securing muscle strength and flexibility around the spine
and reducing the pressure within the vertebral body and
intervertebral disc. Particularly, in case of an intervertebral disc injury, the exercise protocol implemented
according to the natural recovery mechanism of intervertebral disc injury has been reported to be effective [36].
In spondylolysis, conservative and surgical treatment
can be combined. Conservative treatment is generally
known to be effective in reducing pain caused by acute
spondylolysis. In general, reports show pain reduction in
> 90% of patients and return to exercise in approximately
75% of patients only with conservative treatment. Conservative treatment can control pain by activity modification, orthosis, physical therapy, and anti-inflammatory
drugs. During the resting period, it is recommended to
limit hyperextension of the lumbar spine, which can apply a shearing force to the spondylolysis site. Resting and
rehabilitation are usually recommended for 3 to 6 months
[35,37]. If pain persists, pars defect injection can be performed. During the acute stabilization period, rehabilitation exercises focus on strengthening the core muscles
centered on the transverse abdominis, internal oblique,
and multifidus [38]. Strength training is performed differently according to the patient’s pain level and exercise
participation level, and various exercise protocols have
been reported [38].
In patients with spondylolysis, if neurological symptoms persist for > 6 months, neurological abnormalities
progress, or anterior vertebral dislocation progresses,
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Fig. 5. Surgical treatment limited to pars
defect areas. In the case of spondylolysis
caused by overuse injury, if the anterior
displacement of the vertebral body is less
than Meyerding grade 1 and there are
no neurological symptoms, only bone
defects on pars interarticularis can be
directly fused using screws, steel wires,
hooks, and so on.

surgical treatment may be considered. When the degree
of anterior vertebral dislocation is less than Meyerding
grade 1, the neurological symptoms are not severe, and
the degenerative changes of the intervertebral disc are
not severe. Direct union can be performed only on the
pars defect area using screws, wires, and so on (Fig. 5).
However, if there is an anterior displacement of Meyerding grade 1 or higher, posterior fixation using pedicle
screws, reduction of anterior dislocation, and fusion of
the vertebral body are performed to the spondylolysis
area.

lence of injuries due to overuse of the spine during exercise varies depending on the amount, frequency, and
type of exercise. To prevent and treat spinal injury due to
overuse, it is necessary to understand the pathophysiology of transmission of external force during exercise
and the pathophysiology of injury, and active treatment
should be performed when pain occurs to prevent further damage.
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CONCLUSION
Spinal overuse injury occurs very frequently. The preva-
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