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Sports injuries in children a radiological viewpoint

While there is an overall decrease in participation in sport
by children due to the reduction in compulsory games in
schools, those that now partake often do so at an intense
level, both as an enthusiastic amateur as well as an aspiring
international competitor. This has led-to an increase in the
clinical presentation of sports related injuries - both acute
but, more particularly, chronic injuries. During training,
the developing musculoskeletal system is subjected to the
same repetitive stresses as the mature adult skeleton. Due
to the inherent physiology, the child's body reacts to these
stresses in a different way to adults. Injuries are maximally
seen at the growth plates, the site of muscular insertions,
and at apophyses, the latter two being due to avulsion
injuries. These overuse and stress injuries may also be seen

in young musicians,1 and in relation to leisure activities
such as 'break dancing'. During this craze, there was

an outbreak of chronic muscular haematomata in the
rectus sheath presenting as hard masses, which caused
considerable clinical concern about soft tissue sarcomata,
until the penny dropped.

Acute fractures occurring on the sports field are similar
to those sustained in accidental trauma and do not
represent a difficult diagnostic problem. The Salter-Harris
fracture classification, used by all paediatric orthopaedic
surgeons to classify injuries around the growth plate, is
applied to these fractures as a guide to management and
prognosis. These will not be further discussed.

Serious spinal trauma during sport is fortunately rare.

There are about 700 serious spinal injuries in Britain each
year, ofwhich 17% are sport related. Two per cent of these
occur in rugby but that figure includes adults as well as

children.2 Trampolining and high diving are two other
sports in which this author has seen spinal trauma, though
fortunately without cord injury. These lesions are not
difficult to diagnose clinically or radiologically.
The chronic lesions, though occurring at predictable

sites and with predictable radiographic changes may cause
considerable clinical and radiological diagnostic confusion
to those not familiar with them and it is these that will be
discussed in this article. The type of sports related repeti-
tive stress injury seen in an individual hospital will vary
with the popularity of the sport locally. 'Little leaguer's
elbow', a chronic traction injury on the medial humeral
epicondyle or the olecranon is seen in the US in baseball
crazy environments but is virtually unknown in Britain.36

Imaging
Before embarking on investigation it cannot be over-
stressed that the true nature ofmany of these lesions can be
suspected from the clinical history. This information is
essential to the radiologist so that the correct imaging is
employed from the beginning and resources are used
appropriately.

Suspected bony injury is initially imaged by plain
radiographs, which should be exposed to show both soft
tissue and bone detail. Suspected soft tissue injury such as
muscle rupture or haematoma is best initially assessed by
ultrasound, which should include a dynamic examination
during muscle contraction if muscle rupture is suspected.
This is supplemented by magnetic resonance imaging
(MRI) if further imaging is required.7 Both TI and T2
weighted images are needed. MRI is the best initial
imaging procedure in suspected meniscal or knee ligament
injury and though tendo achilles rupture may be seen with
ultrasound, it is more fully demonstrated by MRI. MRI is
the single most comprehensive imaging procedure for the
investigation of soft tissue and cartilage and many bony
lesions in sports related trauma. Though perceived as an
expensive investigation, when it replaces multiple other
investigations, including diagnostic arthroscopy, the cost
ofMRI is put into true perspective.

Radionuclide scintigraphy is invaluable in the investiga-
tion of chronic bone pain or pain of obscure origin such as
occurs in shint splints, compartment syndromes and
spondylolysis.8- 1 Localisation of a focus will help to tailor
subsequent computed tomographic or MRI examinations
should these prove necessary.

Osteochondral loose bodies which may be missed on
plain radiography and MRI and fractures in complex areas
such as the spine are best imaged by computed tomography.

Table I Sites of stress fractures

Tibia Posterior cortex, at junction of middle third with the proximal or
distal third

Fibula Distal third
Metatarsal Shafts
Navicular Centre
Femur Anterior cortex
Rib First
Spine Pars interarticularis (spondylolysis)
Pelvis Pubic ramus
Wrist Physis
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The injuries
The injuries may be discussed under the headings stress

fractures, instability lesions, avulsion injuries, chondral
and osteochondral injuries, and soft tissue injuries.

STRESS FRACTURES
A stress fracture results from repetitive, prolonged
muscular action on a bone that has not accommodated
itself to that stress.'2 The earliest radiographically
detectable sign is of localised periosteal and endosteal
thickening that may progress to a full thickness fracture if
healing is not allowed to take place by cessation of
activity. 13 The fracture may be seen as an area of increased
uptake on radionuclide bone scan, even when radiographs
are negative." Stress fractures are seen on MRI as linear
dark signals on Ti .

14 Stress fractures may be graded from
1-4 on imaging grounds. This aids management as the
time spent off training may be related to grading. Hence,
early investigation and diagnosis of a sporty child present-
ing with limb pain will minimise disruption of training
schedules.

Sites of stress fractures are detailed in table 1. A
complete list of the location of stress fractures by activity,
together with references, may be found in the paper by
Daffner. 15

Stress fractures of the navicular are often missed on plain
radiographs. Presentation is with poorly localised midfoot
pain. They occur in athletes with mixed running and
jumping activities, in this country mainly in footballers.

Tibial and fibular stress fractures are described in all
athletic activities, but particularly footballers and runners.

Metatarsal stress fractures have been reported for a long
time in dancers and military recruits but are also seen in
runners. Pubic rami stress fractures are seen in long
distance runners.

Stress fractures of the ribs may result from throwing
activities but are also seen in back packers and result from
the stress related to carrying heavy rucksacks.

Chronic Salter-Harris type I stress fractures, due to
repetitive non-displaced growth plate injury, which may

cause great diagnostic confusion, may occur through the
growth plates ofthe wrist in young gymnasts due to the body
weight being borne on the hands. These are more frequent
in girls than boys, as girls do a lot more wrist work on the
bars and beam. The lesions bear a superficial resemblance
to rickets, but as the changes are confined to these bones,
and biochemistry is normal, the real diagnosis should not
pose a problem now that the lesion is well known.

Spondylolysis, is a stress fracture through the pars inter-
articularis of a vertebra, usually L4 or 5, and may occur

with or without slip of the proximal vertebral body on the
distal one. This is a frequent cause of back pain in athletic
children who have a repetitive bending and stretching
motion. It is seen in fast bowlers, gymnasts, and tennis
players but is not confined to these groups. The defect in
the pars interarticularis when visible on plain radiographs
is usually seen on the standard anteroposterior and lateral
views. Though oblique views are regularly requested, they
seldom add diagnostic information, and should not be
done if the anteroposterior and lateral views show the
lesion. Planar scintigraphy'6 and more recently single pho-
ton emission computed tomography'7 have been shown to

be sensitive methods of detecting symptomatic spondylol-
ysis not visible on plain films. In an athletic child with x ray

negative back pain, scintigraphy should be requested early
to detect these lesions. Those scintigraphically negative
should proceed to MRI, unless the primary clinical presen-
tation is with pain likely to be of disc origin, when MRI is
the investigation of choice.

Stress fractures of the pars may heal with marked
sclerosis and mimic an osteoid osteoma on plain
radiographs. Computed tomography is indicated in these
children to locate the precise cause of the sclerosis.

Traumatic spondylolysis is mainly seen in athletic
adolescents. Spondylysis associated with congenital
malformations of the pars is seen in both athletic and
non-athletic children.'8

Another stress spinal lesion seen almost exclusively in
athletic children is anterior disc disruption. There is
leakage of disc material into the vertebral end plate, with
reactive sclerosis which may affect both sides of the disc.
This lesion is also seen in children with repetitive bending
motion of the lumbar spine.

INSTABILITY INJURIES
Shoulder instability is a relatively common complaint in
athletes involved in throwing actions, and includes racquet
users. Frank dislocation is rare. The two resultant bony
lesions are known as the Hill-Sachs and Bankhart defects.
Both indicate glenohumeral joint instability. The Hill-
Sachs is a compression fracture of the posterolateral aspect
of the humeral head due to impingement on the antero-
inferior rim of the glenoid. The Bankhart defect is in the
anterior margin of the glenoid rim after anterior disloca-
tion. Both are well imaged by computed tomography and
MRI, but occasionally computed tomographic arthro-
graphy is needed to demonstrate them. Both may be
associated with labral and rotator cuff tears, both well
imaged by MRI.19

Patellar instability may lead to anterior knee pain in
young athletes. The patello femoral relationship is
assessed radiographically by using skyline views, that
is, views angled at 60 degrees, to show the patello
femoral articulation in profile, in addition to standard
anteroposterior and lateral films.20 Children with an
anatomically shallow sulcus angle between the femoral
condyles are prone to recurrent subluxation. In the
sedentary child, the anatomical variant may not lead to
difficulties but in the athletic child, clinically presenting
symptoms.

AVULSION AND TRACTION INJURIES
Avulsion fractures occur at the site of a tendon or ligament
attachment and are common in children, due to in-
complete fusion of an apophysis, for example, the ischial
tuberosity, the fracture occurring through the zone of
provisional ossification, the weakest portion of the bone.
They occur most frequently in adolescents. Once skeletal
maturity occurs, the elasticity of tendon and ligaments
decreases and the stress that causes avulsion in the adoles-
cent will lead to tendon rupture in the mature skeleton.

Table 2 Avulsion injuries
Muscle group

Ischial tuberosity Hamstring
Anterior superior iliac spine Sartorius and tensor fascia lata
Anterior inferior iliac spine Rectus femoris
Lesser trochanter Ilio psoas
Iliac crest Abdominal muscles
Pubis Hip abductors
Superior pole of patella Quadriceps
Inferior pole of patella Patellar tendon
Tibial spines Cruciate ligaments
Tibial tuberosity Ligamentum patellae
Medial femoral condyle Adductor magnus
Calcaneal apophysis Tendo achilles
Medial humeral epicondyle Flexor pronator muscles
Olecranon Triceps
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Sports injuries in children - a radiological viewpoint

Avulsion injuries are most frequent around the pelvis and
elbow (table 2).

Acute avulsion injuries are seen as crescentic osseous
-fragments and are easy to diagnose. They may heal with
abundant callus due to the large haematoma associated
with the avulsion and the powerful muscle contraction that
caused the injury. This may be further compounded by
repetitive trauma. Chronic avulsion injuries result from
repetitive injury and can lead to unusual radiological
appearances, particularly at the ischium where a bubbly
appearance, sclerosis, or irregularity may lead to a wrong
diagnosis of neoplasm.21 22 Biopsy should be avoided as
the biopsy specimen appearance of both these and stress
fractures may be mistaken for tumour.21

Osgood-Schlatter lesion, often referred to as a disease, is
simply due to chronic traction by the inferior patellar
tendon on the tibial tuberosity. The Sindig-Larsen-
Johannsen lesion at the distal pole of the patella has a
similar cause.
The prognosis for most avulsion injuries is good, with

long term disability being unusual. A recent long term
follow up of ischial tuberosity lesions, however, suggests
that these may lead to prolonged morbidity.2'

Shin splints are included here as they are strictly a
chronic traction injury defined as 'pain and discomfort in
the leg from repetitive running on hard surfaces or
forcible, excessive use of foot flexors: the diagnosis is lim-
ited to musculotendinous inflammation and excludes
fractures and ischaemia'9 and is defined thus by the
Committee on the Medical Aspects of Sports of the
American Medical Association. At scintigraphy, the best
imaging procedure in a suspected case, linear increased
uptake is seen at sites of periostitis, which is usually not
radiographically visible, along the cortices of the tibia,
anterior, posterior or both.9 Thigh splints which have a
similar aetiology are also described. 10 Both may occur in
association with stress fractures or compartment syn-
dromes and the terms are often used loosely. The term
'splints', though not one conventionally used in relation
to trauma, is now so accepted in sports medicine, it has
attained a diagnostic connotation of chronic repetitive
stress trauma to the limb.
Compartment syndromes occur when high pressure

within a closed fascial space or muscle compartment
reduces capillary blood perfusion below the level necessary
for tissue viability. Compartment syndromes related to
sports injuries are due to swelling of the muscles within the
fascial compartment with resultant conditions for
ischaemia. On T2 weighted MRI a slight diffuse increase in
the muscle intensity may be seen.7 1423 At three phase
scintigraphy, slow clearance of radionuclide may be seen in
the blood pool phase, particularly if the patient is exercised
before imaging.

CHONDRAL AND OSTEOCHONDRAL INJURY
Osteochondritis dissecans, like Osgood-Schlatter disease,
is now recognised as a traumatic injury, much commoner
in the athletic child than his sedentary counterpart. The
three common sites are the medial femoral condyle, the
capitellum, and the talus. The injury is caused by an
impaction twisting injury that leads to fissuring of the
bone, creating the osteochondral fragment seen radi-
ographically. Management of these lesions partly depends
on knowing whether the articular cartilage over the frag-
ment is intact. This is well assessed by MRI. A high signal
at T2 weighted imaging seen between the fragment and
underlying bone is due to interfaced fluid and indicates
fragment instability and has been shown to correlate with
operative findings.24 25

BONE BRUISES
Bone bruises or contusions are a frequently found osteo-
chondral lesion, seen if MRI is done relatively acutely.
They are particularly frequent in association with tears of
the anterior cruciate ligament. The lesion is typically
hypointense on Ti and has a slightly increased signal on
T2. They are typically seen in the posterior aspect of the
lateral tibial condyle and the overlying femoral condyle.26
These lesions cannot be identified at arthroscopy. They are
benign and self healing.

Chondromalacia patellae, a defect of the posterior
patellar cartilage with softening, fissuring or erosion, has
been long recognised as a cause of knee pain in children,
but cartilage softening may occur anywhere in athletic
children. The cartilage softening over an area of osteo-
chondritis dissecans is similar. Plain radiographs are usu-
ally normal but newer MRI techniques hold promise for
non-invasive imaging.14
Knee meniscal tears are less frequent as a result of

athleticism in children than adults, but do occur. Clinical
symptoms of locking and pain are similar. Where available,
MRI has replaced knee arthrography as the primary imaging
technique and has a concordance with arthrography of
90-96% for the detection of tears with a specificity of
84-100%.7 Most would now agree that arthroscopy should
not be undertaken as a primary diagnostic investigation of
knee pain and should be replaced by MRI.

ACCESSORY OSSICLES
Numerous accessory ossicles have been described in the
literature as normal variants, although many may represent
previous trauma with the fracture fragment healing
separately. Both these and congenital ones are joined to
normal bone by fibrous tissue, which if disrupted may lead
to a pseudarthrosis developing and clinical symptoms of
pain, particularly with vigorous exercise. Scintigraphy is
particularly helpful in confirming that the lesion is sympto-
matic, as it appears as an area of increased uptake. 13 Bones
most frequently affected are the os trigonum, os navicu-
lare, and os tibialis.

SOFr TISSUE INJURIES
Soft tissue injury is common in sport. Ligaments, tendons,
and muscles are all involved. Repetitive stress on the
tendons may result in tendonitis or tenosynovitis. This is
usually clinically apparent and seldom requires imaging.
Chronic injury may result in calcific tendonitis, but this is
rare in children.

Ligament injury often occurs as an avulsion injury, but
ligament disruption around the knee and ankle in particu-
lar may occur without osseous or muscular trauma. MRI is
the imaging method of choice for assessing these suspected
tears. Chronic ligament tears may lead to joint instability
which can be demonstrated by stress radiographs.
Calcification may occur at the site of chronic injury. In the
medial collateral ligament of the knee this is given the
eponym of Pellegrini-Stieda lesion. In general, children's
ligament injuries repair more easily than adults but chronic
instability may result.

Muscle contusion and haematomas either from a direct
blow or a tear are extremely common sports injuries. When
acute and presenting with an appropriate history, there is no
diagnostic difficulty. Many children ignore the acute lesion
and forget about it and subsequently present when the
haematoma forms a hard mass, raising concern that the
mass is a sarcoma. Fortunately, these are rare in children.
An awareness of the natural history of a resolving
haematoma and careful history taking should prevent a mis-
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diagnosis. At ultrasound examination, an acute haematoma
is echobright. As it liquefies it becomes echopoor. It
becomes echobright again as the clot organises. At MRI the
lesion is of high signal on T2 weighted images.
Haemosiderin deposits in the haematoma, as it resolves, will
result in low signal. MRI has the advantage over ultrasound
that it is easier to define the relationship of the haematoma
to the muscle groups and atrophy and fibrosis are easier to
appreciate. Imaging is particularly helpful in the diagnosis of
haematomata when a clear cut history of trauma is lacking
or is only minimal.

Conclusion
The radiologist's role is to be aware of the lesions, the
mode of injury, and the natural history of the evolution of
the changes. He must not mislead the referring clinician by
misdiagnosis and he must not underread films, dismissing
small osteochondral fragments as flake fractures of no sig-
nificance. Very considerable force is required to produce
these injuries. Prompt and appropriate treatment will
minimise long term damage to the young skeleton and
hopefully reduce the incidence of secondary degenerative
disease in adult life. He must also understand something of
the psychological stresses experienced by the young athlete
of promise in intense training. Often these children do not
want to continue training but are reluctant to admit this as
so many hopes are pinned on them. They may realise that
they are not quite good enough and seek an honourable
way out by feigning pain. Negative results from imaging
may be the indication that the complaint is fictitious and
rather than pursue tests in the hope of turning up some-
thing positive, it is appropriate to discuss the problems
with the referring clinician. He must also remember that all
imaging has to be interpreted with the clinical presenta-
tion. A positive imaging finding, especially on MRI, is not
infrequent in an asymptomatic patient. In a study of
asymptomatic professional athletes in America, 50% had
significant abnormalities on knee MRI.26

HELEN CARTY
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