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Abstract

Purpose of Review Musculoskeletal injuries of the chest wall are underrecognized by sports medicine clinicians. The pur-
pose of this review is to highlight key elements of the presentation and management of chest wall injuries seen in an athletic
population.

Recent Findings Chest wall injuries may arise from the bony or cartilaginous structures, joints, or myofascial structures
of the trunk. Injury can occur in the setting of trauma during sport or may occur due to overuse. Many chest wall injuries
can be successfully rehabilitated, allowing return to the athlete’s prior level of play. However, some injuries carry a risk of
complications and should be monitored closely.

Summary Chest wall pain is common in athletes and can arise from a variety of musculoskeletal structures. Timely recogni-
tion and treatment helps to minimize lost fitness and hasten return to play. Further research is needed to identify modifiable

risk factors and optimize rehabilitation outcomes.

Keywords Chest wall injuries - Musculoskeletal injuries in athletes - Athletic injuries - Thoracic trauma

Introduction

Chest pain is a common presenting complaint that can arise
from musculoskeletal, visceral, or referred sources. Muscu-
loskeletal injuries of the chest wall are underrecognized by
sports medicine clinicians and are underrepresented in the
literature, leading to delays in diagnosis and costly evalua-
tions for visceral pathology. This review focuses on injuries
of the chest wall in athletes, with an emphasis on conditions
arising from the ribs, sternum, joints of the thoracic cage,
and myofascial structures of the anterior and lateral trunk
(Fig. 1). Injuries of traumatic and nontraumatic etiology are
included. Injuries to the pectoralis major and minor muscles
have been covered previously and are not presented here [1].
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Rib Injuries
Rib Bone Stress Injury

Bone stress injury (BSI) of the ribs has been observed
in a number of sports, particularly those involving twist-
ing motions of the torso or repetitive strain on the upper
extremity. Rowers, golfers, throwers, swimmers, and over-
head athletes are most commonly affected [2, 3]. In an elite
rowing cohort, the 4-year period prevalence of at least one
rib stress injury was 9.9%, with a median 10 weeks of lost
training time [4e]. Risk factors include female sex, decreased
bone mineral density, lack of strength or flexibility, training
errors, poor technique, or changes in equipment [4, 5].

As the ribs are a non-weight-bearing location, stress
injury is due to repetitive tensile muscle forces and is
uncommon outside of sport. The bone of the first rib is sub-
ject to upward traction by the anterior scalene muscle and
downward traction by the intercostal muscle, generating a
bending force at the subclavian sulcus, which is the typical
site of fracture [3, 6]. In ribs 4-9, simultaneous contraction
of the serratus anterior and external obliques creates a bend-
ing force at the posterolateral angle [2, 7].

BSI of the rib presents as insidious onset of vague tho-
racic wall pain corresponding to the site of injury which
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Fig. 1 Diagram showing injuries arising from the various anatomic structures of the chest wall

may progress to sharp pain sufficient to limit activity [8].
The pain may radiate along the distribution of the intercos-
tal nerve [9]. First rib BSI may be felt in the region of the
shoulder, anterior cervical triangle, clavicle, or deep in the
axilla and may radiate to the sternum or pectoral region [8].
Eleventh and twelfth rib pain may be felt in the lumbosacral
region [10]. Pain is often worse with deep inspiration. Exam
may demonstrate local tenderness to palpation and pain with
rib spring, though bony tenderness is not always present [3,
4, 8, 11]. Plain radiographs may show subtle evidence of
stress fracture as early as 2 weeks after onset of pain, though
more obvious findings such as callous formation may not be
present until several weeks after injury [11]. Chest radio-
graphs are appropriate for detection of lower rib injuries,
while the first rib is more clearly visualized on radiographs
of the shoulder or cervical spine [12]. First rib nonunion
may be an incidental finding [8]. CT, MRI, or triple phase
bone scan can be utilized in cases where there is strong
clinical suspicion with negative radiographs. Additionally,
ultrasound has increasingly been used for diagnosis of radio-
graphically occult rib stress fractures [13, 14].

For injuries of the first rib, treatment involves analgesia
and immobilization of the shoulder girdle of the affected
side in a sling [8]. If movements are painful, a soft collar
can be used to limit pull on the rib from the scalene muscles
[8]. Serial radiographs should be obtained for 6 months to
assess for late complications. Most athletes are able to return
to sport in 4-8 weeks. However, delayed union is not unu-
sual, and some BSI may take 4-5 months to heal. Fibrous
nonunion is usually nonpainful and requires no treatment if
asymptomatic [8]. Painful nonunion has been successfully
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treated with transaxillary total or partial rib resection [12].
Operative treatment can also be considered for excessive
callous formation resulting in thoracic outlet syndrome or
brachial plexus palsy [15].

BSI of other ribs has a good prognosis for uncomplicated
healing. Relative rest is recommended for 4-6 weeks, though
light training and cardiovascular training are acceptable [8].
As with BSI of other sites, activity should be reintroduced
gradually at a reduced intensity. Most athletes return to full
training or competition by 8—10 weeks [4e]. Exercises to
strengthen the serratus anterior are hypothesized to reduce
the risk of repeat injury. Changes to equipment or technique
to reduce the work done by the serratus and the consequent
force exerted on the ribs may reduce reinjury risk, as well.
In rowers, smaller blades require less serratus activity to
provide scapular stability [7]. Rowing with the scapulae in
a less protracted position as the oars enter the water or using
less scapular retraction at the end of pull-through likewise
reduces the force on the rib from the serratus anterior [3].

Traumatic Rib Fractures

Rib fractures can occur with blunt trauma to the chest and
most commonly affect the middle and lower ribs [16]. The
most common mechanism is a direct force to the chest
wall in the anteroposterior plane resulting in injury to the
posterior angle of the fifth through ninth ribs. Fracture
can also occur directly beneath a point of focal impact or
may rarely occur as a result of a forceful muscle contrac-
tion [16]. Flail chest and serious internal injuries such as
pneumothorax, hemothorax, cardiac contusion, or cardiac
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tamponade can occur but are more likely to be seen with
rib fractures due to high-energy trauma such as motor
vehicle collisions than with athletic injury [16].

Two types of rib fracture are more commonly seen in
athletes than with other types of trauma: first rib fractures
and floating rib fractures [16]. The latter type are avul-
sion fractures of the external oblique muscle attachments
resulting from sudden, vigorous, multi-directional contrac-
tion and have been reported in baseball pitchers and bat-
ters as well as a javelin thrower [8, 17]. Radiographs can
differentiate this type of fracture from the more common
external oblique muscle strain [16]. First rib fractures have
been reported in a number of sports, with American foot-
ball being the most common culprit [18-22]. Neurovascu-
lar injury is theoretically possible due to the proximity of
the first rib to the subclavian vessels, brachial plexus, and
aortic arch; however, the risk appears to be low [18, 19].

Patients with rib fracture present with a history of
chest trauma with onset of localized pain which may be
exacerbated by deep breathing. Pain may be localized to the
shoulder girdle with first rib fractures [18]. Exam reveals
point tenderness over the affected rib or focal tenderness
with compression of the rib cage at a distant site. Bony
crepitus or a palpable step-off may be present. Lung exam
may show decreased breath sounds as the patient limits
their depth of inspiration due to pain. All patients with
suspicion for rib fracture should have chest radiographs
taken to rule out associated intrathoracic injury such as
pneumothorax or hemothorax, and confirm the presence
of fracture; however, the sensitivity of chest x-ray for
detection of nondisplaced rib fractures is generally
believed to be low. In a trauma population receiving both
chest radiograph and chest CT, two-thirds of rib fractures
were observed on CT only [23]. However, in a series of
14 athletes in whom a first rib fracture was identified, the
fracture was identified in plain radiographs in all cases
[18]. CT scan or MRI is recommended if there is strong
clinical suspicion for fracture and radiographs are negative,
particularly in athletes as continued sporting activity may
delay healing of an undiagnosed injury [18].

Treatment of isolated solitary rib fractures involves
primarily pain control with ice and analgesics [16]. A rib
belt or rib taping for middle and lower rib injuries or a
sling for first rib injuries can be used for comfort [16, 18].
Some sources recommend allowing for a period of bony
healing before returning to contact sport given the risk of
pneumothorax or damage to mediastinal structures should
the fractured rib displace [16, 19]. However, there are no
clear guidelines governing return to sport. Among athletes
with acute first rib fracture, many athletes were pain-free
after 2-3 weeks and nearly all had returned to play by 12
weeks with no documented complications [18].

Slipping Rib Syndrome

Slipping rib syndrome is defined by three features: (1)
pain in the lower chest or upper abdomen, (2) a tender spot
on the lower costal margin, and (3) reproduction of the
pain with palpation of that spot [24]. Hypermobility of the
false rib costal cartilages may be a causative factor, with
rupture or inadequacy of the medial fibrous attachments
allowing superior subluxation of the affected cartilage and
potential for intercostal nerve impingement [25]. Addition-
ally, intercostal muscle strain can result from excessive rib
mobility [26].

Presentation is often insidious, with running, rowing,
swimming, field hockey, and lacrosse the most implicated
sports [27-29]. Chest wall trauma may precede onset of
pain in a minority of patients [27, 28, 30, 31]. A retrospec-
tive study of 54 athletes with slipping rib syndrome revealed
that 70.4% of patients were female, with a mean age of
19.1 years [27]. The vast majority (90.7%) had unilateral
symptoms, and ribs 8—10 were the most commonly affected.
Nearly one-fifth of patients were hypermobile [27].

Slipping rib syndrome presents as transient sharp pain
felt in the lower rib cage or upper abdomen which may
be followed by a persistent dull ache [8, 25, 26]. The pain
ranges in severity but can be debilitating [24]. Mechani-
cal symptoms such as a slipping or popping sensation or a
clicking sound may be present [8, 28]. Deep breathing or
certain repetitive trunk movements may trigger symptoms.
On exam, symptoms may be reproduced by applying pres-
sure to certain points along the costal margin. A “hooking
maneuver” test has been described, in which the clinician
hooks their fingers beneath the lower costal margin and pulls
anteriorly [32]. Reproduction of pain and mechanical symp-
toms constitutes a positive test. Diagnosis is clinical, though
imaging is often undertaken unnecessarily to exclude other
pathology due to the potential for visceral referred pain.
Dynamic ultrasound can be used as a diagnostic aid and can
confirm the presence of subluxation [33, 34].

Initial treatment is reassurance along with ice, NSAIDs,
and activity modification. Physical therapy and osteopathic
manipulation techniques can be utilized [27]. Intercostal
nerve block anteriorly and posteriorly as well as of adja-
cent nerves or injection of steroid and local anesthetic at the
costochondral junction may have diagnostic and therapeutic
value for persistent symptoms [27]. Temporary improvement
has been seen with trigger point and botulinum toxin injec-
tions [35]. In refractory cases, good outcomes including full
return to sport have been reported following surgical exci-
sion of the affected rib and costal cartilage with preservation
of the intercostal nerve to prevent neuropathic pain [27, 28].
Rib stabilization using bioabsorbable plating is an emerging
treatment option [28, 36].
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Sternal Injuries
Sternal Stress Fractures

Stress fractures of the sternum are exceedingly rare,
though some authors postulate that the condition may be
underdiagnosed [37]. Repetitive contraction of the muscles
attached to the sternum, including the sternocleidomastoid
and pectoralis major anteriorly, sternohyoid and sternothy-
roid posteriorly, and rectus abdominis distally, can gener-
ate torque that over time exceeds the remodeling capacity
of the bone [8]. The injury has been reported in associa-
tion with extreme upper body stresses, as in wrestlers, or
with repetitive hyperflexion of the torso, such as with golf
or exercises like sit-ups and triceps dips [37-43].
Patients present with anterior chest pain exacerbated
by movement or deep breathing and may report a recent
increase in volume or intensity of upper body or abdomi-
nal strength training. Onset may be gradual or sudden.
The sternum is tender to palpation on exam, and localized
swelling may be present [40]. Radiographs may be nor-
mal or may show periostitis or a fracture line. The earlier
literature describes bone scans for improved detection of
stress injury, but MRI is increasingly preferred [38].
Management consists of analgesia if necessary and rest
from the inciting activity followed by progressive return to
sport. Most athletes are symptom-free and able to resume
their normal activities within 2—4 months, though residual
symptoms at 15 months have been reported [37-43].

Traumatic Sternal Fractures

Traumatic sternal fractures are rare, owing to the large
amount of force needed to overcome the elastic recoil of
the ribs [43]. Seventy percent are sternal body fractures, of
which transverse fractures through the mid-body of the ster-
num are most common, and 17.6% occur at the manubrios-
ternal joint [43]. Physeal injury should be considered in the
pediatric athlete as the sternal physis does not ossify until
age 18 [44, 45]. The most common cause of traumatic sternal
fracture is motor vehicle collision, though fractures can also
be seen following a high-energy direct blow to the anterior
chest wall during contact sports [46]. Sport-associated ster-
nal fractures involve significantly lower force and therefore
have a lower incidence of concomitant internal injury [44].

Athletes presenting with sternal fracture describe a his-
tory of direct trauma with moderate to severe pain over the
sternum which may be pleuritic. Exam reveals tenderness to
palpation and possible ecchymosis, crepitus, or deformity.
Associated injuries, though less common in the sporting
context, may include cranial injury, rib fracture, pulmonary
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or cardiac contusion, spinal fracture, retrosternal hematoma,
pneumothorax, hemothorax, and extremity injury [46].

Initial imaging with AP and lateral radiographs should
be obtained for suspected sternal fracture. Ultrasound may
be more sensitive and specific for sternal fracture than plain
radiographs and can evaluate for retrosternal hematoma and
other associated injuries [47]. CT with contrast to identify
injury of internal structures should be obtained in cases
where sternal fracture is identified on radiographs or ultra-
sound in the setting of polytrauma but may not be necessary
for nondisplaced isolated sternal fractures. EKG should be
obtained to assess for myocardial injury [48, 49].

Isolated sternal fractures tend to respond well to conserva-
tive management with rest and analgesics [50]. For displaced
fractures or those with cardiopulmonary complications, open
reduction with sternal wires or plating is indicated [49]. Ath-
letes should be withheld from sport pending resolution of
symptoms and radiographic healing. Unrestricted return to
play was reported in a female collegiate hockey player 3
months after an acute traumatic sternal fracture [44]. Bardos
et al. reported on a series of five elite athletes with sympto-
matic nonunion of a vertical sternal fracture who achieved
fracture healing following ORIF, with four athletes able to
return to sport at their preinjury level [51].

Conditions Affecting Thoracic Wall Joints
Costochondritis

Costochondritis is a common condition characterized by
pain and tenderness over the costochondral or chondroster-
nal joints without associated swelling, typically involving
multiple sites and most commonly occurring at the second
through fifth costal cartilages. It accounts for a high propor-
tion of medical visits for chest pain and is associated with
female gender, Hispanic and Afro-Caribbean origin, and
lower socioeconomic status. While the etiology is unknown,
inflammation is thought to play a role as evidenced by the
raised erythrocyte sedimentation rate, presence of morning
stiffness, and positive gallium scan observed in a proportion
of patients. Hypermobility of the thoracic spine was hypoth-
esized to be a contributing factor in a report of a female
collegiate rower with costochondritis [52]. The incidence of
costochondritis in athletes has not been reported; however,
its high incidence in the general population, including young
adults, makes it an important diagnostic consideration in
athletes presenting with chest pain.

Diagnosis is clinical and based on a history of anterior
chest wall pain which is reproducible with palpation over the
costochondral junctions or chondrosternal joints on exam.
The presence of swelling, warmth, or erythema suggests an
alternative diagnosis of Tietze’s syndrome. Compression of
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the affected joints via ipsilateral arm adduction with head
rotation to the same side may reproduce pain. Routine imag-
ing is unnecessary, though cardiopulmonary or neoplastic
disease should be ruled out in patients with risk factors. If
obtained, radiographs are typically normal but may show
soft-tissue swelling or chondral calcification.

Treatment is with analgesics and reassurance. Athletes
may continue sporting activity as tolerated, though a period
of activity restriction may provide symptom relief. Most
cases resolve within weeks to months, but refractory cases
may demonstrate persistent or recurrent symptoms for a year
or more. Anesthetic or corticosteroid injections can be con-
sidered if symptoms fail to respond to stretching exercises,
heat, and ice. A female collegiate volleyball player experi-
enced improvement with manipulation of hypokinetic joints,
soft-tissue mobilization, and taping [53].

Tietze’s Syndrome

Tietze’s syndrome is a benign but painful inflammation of the
costosternal, sternoclavicular, or costochondral joints which,
by definition, is accompanied by localized swelling [8, 54].
It is rare and usually occurs in young adults [54]. Aside from
early reports in the Russian literature, the condition has not
been well studied in athletes. In contrast to the more diffuse
inflammation of costochondritis, the inflammation in Tietze’s
syndrome is focal and typically involves a single site, most
commonly the second or third rib [8]. The onset is insidi-
ous and the cause is unknown, though it may be related to
repetitive movements, thoracic trauma, or antecedent cough.
Some have proposed a systemic inflammatory etiology and
suggested the syndrome may overlap with seronegative spon-
dyloarthritides with chest wall involvement [55, 56].

Radiographs are often normal [8]. MRI can be considered
for refractory cases and may show cartilage or subchondral
edema or cartilage thickening [57]. The course is usually
self-limited but may be characterized by waxing and waning
symptoms. NSAIDs are generally effective for pain control,
though the swelling may persist [6]. Refractory symptoms
may benefit from local infiltration with corticosteroid or
anesthetic [58]. Surgical resection has been performed in
rare cases with good results [59].

Sternocostal Synchondrosis Subluxation

Fracture-subluxation of the second sternocostal synchon-
drosis has been reported in an 18-year-old wrestler who
experienced a combination of leverage and twisting forces
across the sternocostal joint [60]. The patient described a
popping sensation and severe pain over the left upper chest
as he twisted his torso in an attempt to extricate himself
from a hold. Examination revealed a tender swelling over the
second sternocostal junction which became more prominent

with shoulder abduction and extension, though shoulder
range of motion was preserved. Radiographs were normal,
but bony fragments and subluxation at the sternocostal joint
were seen on CT. The injury was initially treated with anti-
inflammatories and rest. The wrestler underwent surgical
exploration and debridement due to persistent symptoms and
was symptom-free at 3-month follow-up [60].

Sternoclavicular Dislocation

The sternoclavicular joint is a saddle-shaped synovial joint
which derives most of its stability from the posterior capsule
and the sternoclavicular, costoclavicular, and intraarticular
disc ligaments anteriorly [61ee]. Dislocation most commonly
occurs in high-impact sports such as football and rugby and
can result from a direct blow to the medial clavicle or from
medially directed compression of the shoulder girdle (e.g.,
with a tackle during contact sport) [62, 63]. It has also been
reported in a baseball player during the acceleration phase
of throwing [64]. The joint can dislocate anteriorly, typically
due to a lateral compressive force causing rupture of the ante-
rior capsule and often the costoclavicular ligament, or poste-
riorly, by a direct force to the medial clavicle or indirect force
to the posterolateral shoulder [63]. Posterior subluxations
are more rare but have the potential to cause life-threatening
injury to mediastinal structures [61, 63, 65].

Patients present with anterior chest and shoulder pain
which is worse with arm movement. Dyspnea, dysphagia,
or arm paresthesias may signal internal injury [63, 66, 67].
A prominence of the sternoclavicular joint may be palpa-
ble with anterior dislocation. Swelling and reduced upper
extremity range of motion may be observed [63]. Plain
radiographs have low sensitivity for detection of malalign-
ment but are useful for ruling out associated injury such as
pneumothorax, pneumomediastinum, or hemopneumothorax
[61, 63, 63]. CT is the preferred imaging modality for diag-
nosis and characterization of sternoclavicular joint disloca-
tions, and intravenous contrast should be added in cases of
posterior dislocation to evaluate for vascular injury [61ee].
Ultrasound has increasingly played a role in diagnosis of
sternoclavicular dislocation [68, 69].

Anterior dislocations should ideally be reduced within 24 h,
as closed reduction becomes more difficult after 48 h. However,
closed reduction can be attempted within the first 7-10 days.
Traction is applied with the affected arm in 90° of abduction
while direct pressure is applied over the medial clavicle with
the patient in a supine position with a bolster between their
shoulders. Patients should then be placed in a sling for 4 weeks
[63]. Persistent anterior instability, though common after non-
operative treatment, is generally well tolerated and can be man-
aged conservatively [63]. Some patients go on to require surgi-
cal stabilization [70, 71]. Posterior dislocations require urgent
reduction and typically require consultation with cardiovascular
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surgery if vascular injury is present. A traction-abduction tech-
nique has been described, with the shoulder abducted to 90°
and placed in traction while an extension force is applied to the
shoulder [72]. A method utilizing a percutaneous towel clip to
grasp the medial clavicle and pull it anteriorly has also been
used. Numerous surgical techniques have been used with suc-
cess to achieve reduction of injuries resistant to closed reduction
or to address persistent sternoclavicular joint instability [73-76].

Injury to Myofascial Structures

Muscle injury may occur due to either contusion in the set-
ting of direct trauma or strain associated with excessive load.
Contusion results from crush injury to muscle fibers due to
blunt trauma from the striking object or compression against
underlying tissues. Acute muscular strain usually occurs
during eccentric muscle contraction due to the combined
forces of active contraction and passive stretch during mus-
cle lengthening [77]. It is more often seen when an athlete
returns to heavy training after a period of rest. Injury is often
localized to the myotendinous junction as this is the weak-
est point of the muscle-tendon-bone unit. Radiographs are
typically normal following soft-tissue trauma but may be
obtained to look for tendon avulsion injury. MRI findings
range from mild interstitial edema for minor injuries to com-
plete fiber disruption in setting of high-grade tear [61ee].

Intercostal Muscle Strain

The intercostal muscles consist of three layers that run
between the ribs and function to elevate and depress the
ribs during inspiration and expiration. They may also be
recruited with the obliques for twisting and flexing move-
ments of the torso [61ee]. The external and internal intercos-
tals are continuous with the external and internal obliques,
respectively, and insert on the lower (external) or upper
(internal) rib of each intercostal space. The neurovascular
bundle runs along the posteroinferior border of each rib
between the internal and innermost intercostal layers.

Intercostal muscle injury may result from unaccustomed
or excessive muscular activity and may or may not have a
specific inciting event [6]. The intercostal muscles can be
strained during the high-velocity thoracic torque generated by
baseball batting or rowing [78]. Respiratory infections with
forceful or persistent cough may result in muscle strain [8].

Clinically, intercostal strains present as pain between adja-
cent ribs that is worse with movement, inspiration, or cough,
with associated tenderness to palpation. Radiographs are nor-
mal, though imaging is rarely necessary as most injuries are
low grade. Anti-inflammatories and rest are the mainstays of
treatment. If pain persists, imaging should be considered to
assess for stress reaction of an adjacent rib [61ee].
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Serratus Anterior Muscle Strain

The serratus anterior muscle originates on the lateral aspects of
the first through eighth or ninth ribs and inserts onto the medial
scapular border, functioning to rotate the scapula upward dur-
ing arm elevation and stabilize the scapula against the ribcage.
It is known as the “boxer’s muscle” due to its role in scapular
protraction and is also involved in the mechanics of throw-
ing. Serratus anterior muscle strain can occur with repetitive,
forceful contraction, most commonly in sports involving trunk
rotation (rowing, golf) or overhead movements (weightlifting)
[79]. Avulsion injuries at the costal attachment are rare but
have been reported in rowers, pitchers, and golfers [79-82].

Strains of the serratus anterior muscle present as lateral
chest wall pain that is worse with rotational movements,
cough/sneeze, or scapular activation [6]. A palpable mass
may be present with avulsion injuries. Most patients do well
with conservative management including avoidance of pain-
ful activity followed by strengthening exercises to target the
serratus anterior and a gradual return to sport [79]. Avulsion
injuries have been treated successfully using both surgical
and nonsurgical management [80].

Conclusions

Chest wall pain is common in athletes and often arises from
a musculoskeletal source. Early and accurate diagnosis is
important in order to provide appropriate management and
minimize lost fitness and playing time. Recognizing the
anatomy and biomechanics relevant to these injuries can
aid in diagnosis and inform management and rehabilitation
strategies. Further research into chest wall injuries as they
relate to an athletic population can help minimize modifiable
risk factors and optimize treatment outcomes.
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