Ankle injuries in the growing skeleton
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Ankle injuries arise with significant frequency in the
pediatric population, although diagnosis is rarely
straightforward. Contact sports, such as football are
widely practiced in Saudi athletes, little is carried
out to educate them of measures regarding playing
conditions and prophylactic steps like foot wear,
warming up, and similarly. The usual potential
complications associated with trauma to mature
skeleton, as well as immature selection includes
post-traumatic arthritis, stiffness, reflex sympathetic
dystrophy, as well as those seen with physeal damage
including leg length discrepancy, angular deformities,
or a combination. Knowledge of these injuries, as well
as the differences between children and adult skeleton
is essential for proper and effective management of
these common injuries. This article is a review of
anatomy, physiology of physis, diagnostic modalities,
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prognosis, treatment methods and analyzing, and
highlighting data from the published literature
regarding ankle injuries in growing skeleton, which is
crucial to manage these injuries.
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The increasing number of activity lead to
musculoskeletal injuries among adolescents and
young adults is considered a true public health burden.'
Acute injuries of the ankle are among the most common
injuries of the musculo-skeletal system.? It has been
estimated that one ankle sprain occurs per 10,000 people
each day in Western countries.” In sport, the incidence
is even higher.®” Many adolescents initiate year round
training and specialization in their sports at a very early
age. The ankle was found to be the most common
location of injury in 24 of the 70 sports studied.'’ Three-
quarters of ankle injuries contain the lateral ligamentous
complex, comprised of the anterior talofibular ligament
(ATFL), the calcaneofibular ligament (CFL), and the
posterior talofibular ligament (PTFL).® Ankle sprain was
the major ankle injury in 33 of 43 sports, especially in
Australian football, field hockey, handball, orienteering,
scooter, and squash.'” Epidemiological studies also
showed that high school athletes have established ankle
sprains to be the most prevalent soccer injury among
boys (16%) and girls (20%)."" The incidence of ankle
injuries and ankle sprains was high in court games and
team sports, such as rugby, soccer, volleyball, handball,
basketball, American football, Australian football, Gaelic
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football, tennis, netball, lacrosse and field hockey."
Moreover, the incidence of ankle injury was also high
in gymnastics, orienteering, dancing, and skiing. In
general, the incidence of ankle injury in competitive
games was higher than in other sports.'” In addition,
22% of sports injuries reported to emergency rooms
were ankle injuries, among which sprain was the most
common type of injury followed by fracture (the ratio
of sprain to fracture is 8:1)."* The incidence of ankle
sprain and fracture has been reported to be 600-700
and 107-187 per 100000 person years, respectively in
the general population.' Injuries in children may affect
both growing bone and soft tissues and may result in
damage of the growth mechanisms.'" Although most
injuries involving physes might resolve with treatment
and rest, there is substantial evidence of subsequent
lifelong growth disturbances and deformities.'* There
was a special concern regarding the pattern of injuries
which exclusively limited to ankle region in different
scenarios like sports injuries particularly football, and
everyday common incidents like sprains.” The reason
for this review is to provide awareness to the general
public about these injuries and their sequel, especially
in Saudi Arabia. It is of great concern that the general
public, emergency room (ER) physicians, and even
orthopedic physicians who are not trained in the
specialty of foot and ankle, are largely uninformed
on the difference in growth pattern and development
characteristics of children and adults and they usually
lack the information about the sequel of these injuries
in immature skeleton. In sports especially football is
commonly played and crazed in Saudi Arabia, in spite
of this there is no governing body to educate the masses
and young athletes to educate them and take corrective
measures on proper playing conditions such as proper
footwear, warming up before the activity, and so forth.
This literature review was carried out in order to obtain
an insight into the prevalence and incidence of soft
tissue and growth plate injuries in growing skeleton.
This article is a review of anatomy, physiology of the
physis as well as analyzing and highlighting the data
published regarding ankle injuries in growing skeleton,
which is crucial to manage these injuries.

Developing skeleton and injuries. The process of
longitudinal growth occurs at the epiphyseal plate, a
thin layer of cartilage entrapped among epiphyseal and
metaphyseal bones, at the distal ends of the long bones. '
These areas of high metabolic activity characterize
relatively weak points for the growing child, mostly
during periods of accelerated growth. Conversely, the
ligaments and tendons are proportionally stronger,

accounting for markedly dissimilar injury patterns in
the growing child compared with those seen in adults."”
Substantial acute traumatic events frequently result
in fracture at the physis, or avulsion of the apophysis,
in a child, leaving the ligaments intact."® While acute
traumatic ligament injuries can be seen in children,
these injuries are typically not severe.”” Repetitive
forces applied to the developing skeleton involving
the bones results in a variety of problems especially
articular cartilage and apophyses. Microtrauma causes
osteochondral lesions and apophysitis. The growing
skeletons of children can be injured more frequently
than the mature skeletons of adults for the reason of
porosity of the bones and the long bones are further
weakened by the epiphysial plates at their proximal
and distal ends. Children skeleton are naturally more
flexible than adults; but flexibility often varies during
skeletal growth.?

Anatomy and pathophysiology of the growth plate.
Bone, like all other tissues and organs of the body,
grow to their adult size and also undergo constant
remodeling and turnover. The surrounding mechanical
environment affects both the modeling and remodeling
of the bone.”! The pediatric skeleton differs from that
of an adult in the bones are more elastic and they
contain growth plates (physes). Physeal injuries affect
the growth plates of children and adolescents.?? During
pediatric ankle trauma, the force is transmitted directly
to the most fragile metaphyseal tibial area.”® These
anatomical features of the adolescent ankle predispose
a fracture and generally lead to a fracture displacement
in the metaphyseal area. The stability of the ankle is due
to bony configuration of the ankle mortise, ligamentous
structures, capsule, syndesmosis, and the crossing
tendons.*

Traction and pressure are the types of epiphyses
establish in the extremities. Traction epiphyses (or
apophyses) are located at the site of attachment of muscle
tendons to bone and are subjected primarily to tensile
forces.? The apophysis of the tibial tubercle delivers an
example of traction apophysis. The apophyses involve to
bone shape but not to longitudinal growth.* The acute
or chronic injuries affecting traction growth plates are
not generally related to disruption of longitudinal bone
growth. Among overuse injuries, apophyseal injuries,
such as Osgood-Schlatter’s Disease, Severs Disease,
and Sindig-Larsen-Johansson Syndrome, are exclusive
to the young athlete which could be the major reasons
for discomfort and time lost from training.* These
injuries happen at secondary centers of growth, termed
apophyses, and are manifested by inflammation at the

Saudi Med J 2012; Vol. 33 (8) 831

WWW.Smj.org.sa



Ankle injuries in growing skeleton ... Zamzami

insertion site of a major tendon into the immature bony
prominence. The pressure epiphyses are situated at the
end of long bones and are subjected to compressive
forces. The classical examples for pressure epiphyses are
the distal femur and proximal tibia.*

The growth plate is situated among the epiphysis and
metaphysis and is vital for endochondral ossification.”
In contrast to apophysis, injury to pressure epiphyses
and their related growth plates can disturb the growth
disturbance.? In the zone of growth, the germinal cells
are attached to the epiphysis and have a blood supply
from the epiphyseal artery.?*** Longitudinal growth is
accomplished by the proliferation of these cells. The
zone of growth is the main concern with any fracture
relating the growth plate, as damage of the cells in this
zone may have long term concerns for normal growth
patterns. The subsequently functional area is the zone of
cartilage “the maturation zone”. Abundant extracellular
matrix is formed in this zone, primarily between
columns.**¥ The extracellular matrix exhibits cell
mediated biomechanical changes and hence calcifies.
As they hypertrophy, the cells align in vertical columns
and are eventually replaced by osteoblasts. The junction
of the calcified and the uncalcified hypertrophic cells
are the places where fractures occur commonly as it is
structurally the weakest portion of the growth plate.?*%
In the zone of cartilage “the transformation zone”, the
cartilaginous matrix is penetrated through metaphyseal
vessels, which break down the transverse cartilaginous
septa, permitting invasion of mature cell columns.
The cartilage and the bone are remodeled, removed
and replaced by a more mature, secondary spongiosa,
and hence, no remnants of the cartilaginous precursor
would exist.?*?

Injury characteristics and risk factors. In children
and young adult growth plate is a hyaline cartilage
plate at each end of long bone in metaphysis which is
replaced by an epiphyseal line in adults.'#**? In children
growth plate and area around is weaker than ligaments
and tendons, and bones and soft tissue are elastic and
have tendency to heal very rapidly.'***** Children have
imbalance in strength, flexibility to adopt different types
of environment and also the different and adapting
biomechanical properties of bone.'* Recent studies
have shown clearly that low intensity training can
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stimulate bone growth and vice versa of high intensity
training. %3

In immature bones high energy injuries to growth
plate cause progressive and sometimes leading to
permanent deformities leading to dysfunction.’"#
Injuries to growth plate causes angular deformities
causing dysfunctional biomechanics leg length
discrepancies and all these leading to significant and
severe disabilities.>** In the literature risk factors have
been identified which are associated with increased
incidence of injury to immature bones. During growing
period of bones as they are growing faster than soft
tissues they have less amount of flexibility and this leads
to trauma especially if there is lack of stretching prior to
sport activity.>4

The ankle carries more weight per unit area than
any other joint in the body.*"*? Injuries can either occur
acutely such as fractures and sprains, or occur gradually,
such as stress fracture, osteochondritisdissecans (OCD),
apophysitis or tendinopathies.”’ Seventy-five percent
of all ankle injuries are ankle ligament injuries, with
85% of those ankle sprains produced by inversion
trauma.”? The majorities of injuries are minor in nature
and require a short period of rest and analgesia prior
to graduated rehabilitation.* Overuse injuries give a
more insidious onset of symptoms that are typically
related to sport activities” depending on the anatomical
locations. Younger population may present purely with
reduced performance or a limp. Exact identification of
the anatomical area injured is usuallydifficult.'

The severity of injuries spans broadly from sprains
and contusions to death, and certain types of injury
occur more commonly in specific sports.'* Fortunately,
the vast majorities of sports injuries are minor in nature
and do not require major medical care. Serious sports
accidents in youth, such as brain or spinal cord damage
lesions of the heart or submersions leading to invalidity
or death, are rare.*

Vulnerability of injury. Physical injuries can yield
irreversible damage to the growing cells, resulting growth
disruption. Compared to adult articular cartilage,
growth plate cartilage is low resistant to stress.®® It is
also less resistant than adjacent bone to shear and tensile
forces. Therefore, when disruptive forces are applied
to an extremity, failure can arise through the physis.
Further, the physis may be 2-5 times weaker than the
surrounding fibrous tissue.”” Due to these reasons, injury
mechanisms in an adult may result in a comprehensive
tear of a ligament or in a joint dislocation may yield a
separation of the growth plate in a child.

The susceptibility of the growth place to injury appears
pronounced during the period of rapid growth.%
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Researches on the development of physeal cartilage in
animals have indicated a decrease in the physeal strength
during puberty.*® These results are similar among human
as well. An increased rate of growth is accompanied by
structural changes that result in a thicker and more
fragile plate. In addition, during the pubescent growth
spurt, bone mineralization may lag behind bone linear
growth, causing the bone temporarily more porous and
vulnerable to injury. Studies on the incidence of physeal
injuries in humans indicated an increased incidence of
fractures during pubescence and the highest fracture
rate probably happening at the time of peak height
velocity.”

It has been suggested that the growth spurt may
also raise the susceptibility to growth plate injury by
causing an increase in musclotendinos tightness on the
joints and an accompanying loss of flexibility. However,
this concept is debatable. Longitudinal growth occurs
primarily in the long bones of the extremities, and
the musclotendinous units elongate in response to
this change. This may generate a temporary disparity
between muscle-tendon and bone lengths. If an excessive
muscular stress is applied, a musclotendinos imbalance
is produced that may predispose to injury.’® The joint,
particularly the growth cartilage, is the weakest link in
this assembly, it is believed that the risk of injury may be
aggravated at this location during the growth spurt.”

Acute physical injury. The widely used system in
defining physeal injuries was developed by Salter and
Harris.”' Type I Salter and Harris injury indicates
a complete separation of the epiphysis from the
metaphysis. The germinal cells of the growth place
remain feasible and placed at the separated epiphysis
and the calcified layer remains with the metaphysic. The
type Il is a common extensive physeal injury, fractures
through the physis, with metaphyseal fragment referred
as the Thurston Holland sign, it usually has an excellent
prognosis. The type I1I is an intra-articular extension in
which fractures are through the physis and epiphysis.”!
It usually has good prognosis but has the potential for
intra-articular deformity; may require open reduction
and internal fixation (ORIF). In type IV, the fracture is
through the epiphysis, physis, and thereby generating
a complete split, prognosis is good but unstable; and
fragment requires ORIE The type V is a comparatively
infrequent injury, there is a crush injury to the physis
thereby prognosis is poor with growth arrest.

Prognosis for types I and II fractures is worthy if the
germinal cells persist with the epiphysis, and circulation
is unchanged. On the other hand, these injuries are not
as safe as believed,” and can be linked with the risk
of growth problems. Type III injuries have a valuable
prognosis if the blood supply in the parted portion
of the epiphysis is still intact and if the fracture is not
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Figure 1 - A diagram of Salter Harris classification of epiphyseal fractures.
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displaced. Sometimes surgery is required to restore the
joint surface to normal. In type IV injuries, surgery is
required to restore the normal anatomy and to realign
the growth plate and usually thease injuries have a poor
prognosis (Figure 1).

There are numerous studies on acute physeal injuries
affecting young athletes. These injuries were incurred in
a variety of sports, particularly football.?* In a study,”
the injury outcome was generally good with growth
disturbance described in only 8 of 50 cases; however,
the length of follow up was short-term or not reported
in some cases. Most of the athletes were advanced in
age (13-17 years), limiting the amount of growth
disturbance possible.’* The problem here is that all data
is encompassing the western side of the world and there
is no data, or case reports referring to Middle East or
Saudi Arabia.

Commeon injuries about the ankle. The twisting
injuries causing fracture in adults produce a different
injury pattern in the growing skeleton.”® In general,
ankle fractures in children are minimally displaced.
Nevertheless, they may require open reduction and
internal fixation when involving the articular surface.
Ankle fractures are generally caused by major violence
and frequently results in epiphyseal injury. The most
common fractures of the ankle following twisting trauma
are type 1 or 2 Salter-Harris injuries.”® With an open
distal fibular epiphysis, these fractures are frequently
reduced spontaneously leaving only swelling and
tenderness over the epiphysis with normal radiographs.
Stress radiographs, however, may reveal the underlying
pathology, and according to the age of the patient,
internal fixation should be considered.

Tillaux-Chaput lesions are Salter-Harris type 3
where internal fixation may need to be considered.
These fractures happen in young and athletic individuals
near to the end of puberty, due to the positioning of
the growth plate, the direction of ossification from
posteromedial to anterolateral and the mechanism of
injury.®

Stress fractures. Stress fractures are not easily
diagnosed and are usually multifactorial like disarrange
biomechanical misalignment in lower extremity.
They are also associated with diet, hormonal status,
and osteoporosis. Technetium-scan (Tc¢ scan), MRI
or CT scan are usually helpful for diagnosis; plan
radiograph are usually not helpful before 2-3 weeks and
treatment is usually with immobilization and activity
restriction.*>>?

Calcenial apophysitis. The sever’s lesion along with
well-localized, activity-related pain at the tip of the heel
and fragmentation of the calcaneal apophysis were seen
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Figure 2 - A MRI example of sprain.

on radiographs. Sever’s lesion may occur from intensive
training and improper footwear. Some authors consider
sever’s lesion to be a form of stress fracture.®¢!

Soft tissue injuries: a) Tendinopathy. Tendinopathy
is a pervasive overuse injury of the lower extremity and
frequent pervasive forms of tendinopathy that occur in
the lower limb. Achilles tendinopathy can be the effect of
excessive eccentric weight bearing while tibialis anterior
tendinopathy can be due to direct pressure in skates or
ski boots.? Fractional rest and strapping are adequate in
most of the patients. Complete immobilization can leads
to musculoskeletal atrophy. Few children are getting
benefit from physiotherapy, particularly stretching, and
occasionally from peritendinous injections. Surgery has
a partial role and is rarely indicated.®

b) Ankle sprains. In general population, the ankle
sprains are common and can result in prolonged
disablement.®® It is one of the most common injury
sustained during sporting activities. Three-quarters of
ankle injuries take in the lateral ligamentous complex,
comprised of the ATFL, CFL, PTFL.® Lateral ankle
ligamentous injuries are rare in children with open
physis, increases with age, and are seen with considerable
frequency in late childhood and adolescence.®® In
athletes with ligamentous laxity, recurrent sprains
may lead to ligament attenuation and instability, and
if this instability is hindering the everyday activity,
reconstruction is indicated if conservative measures fail.
Ankle sprains are more common in patients with weak
and deconditioned peroneal muscles and pescavovarus
deformity(’4’66’67 (Figure 2).

Nonunion of osteochondral fractures of the distal
fibula: This can be easily missed and relatively unknown
entity of problem, which is considered a major cause
of chronic painful ankle instability in growing skeleton.
It is usually associated with multiple inversion injuries
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with recurrent pain and instability which almost always
fail to respond to conservative treatment and usually
need advanced imaging and operative treatment.*

Injuries to the chondral surface: Injuries to the
chondral surface of ankle in the growing skeleton
generally occur in demanding sports, and in children
with inappropriate shoe wear during sports.”” These
injuries are usually missed and the major reason of
delay in returning back to sports after what seems to be
a minor injury to the ankle. Advanced secondary joint
damage could be prevented if this injury is suspected
earlier and investigated.®’

Chronic injury to physis. Number of clinical reports
showed that sport training, of long duration and high
intensity may produce growth disturbance in the
epiphysis. This injury appears to occur through repetitive
micro trauma, which alters metaphyseal perfusion and
consequently interferes with the mineralization of the
hypertrophied chondrocytes in the zone of provisional
calcification.”

Jaramillo et al”’ stated that the hypertrophic zone
continue to broaden because of continuous growth
in germinal and proliferative zones. There is a huge
epiphyseal and metaphyseal blood supply and they are
usually undisturbed, this widening of hypertrophic
zone is usually temporary. However, if the blood supply
is disturbed, ischemia of hypertrophic zone ensured
and leads to ischemic osseous necrosis which leads
eventually to deformity. This ischemic insult may be
confiding to a small segment or generalized leading to
asymmetric growth or a complete shutdown of growth
in the growth plate** (Figures 3A and 3B).

Conditions for concern. The acute growth plate
injuries take place in sport and may account for 30% of
injuries.”* However, the proportion of physeal injuries

is less, ranging from 1-12% of injuries conditional on
the sport being involved.”>”* Although 71-75% of sport
related growth plate fractures were related with growth
disturbance, the proportion of those with poor prognosis
is probably much less, ranging from 0-37%.747

Type 1 and type 2 Salter-Harris acute growth plate
injuries are not as innocuous as originally defined and
may occasionally be related with localized growth plate
closure and osseous bridging.”>’® There are many reports
of stress related physeal trauma disturbing young athletes
in a variety of sports, including baseball, long distance
running, football, basketball, soccer, rugby, gymnastics,
tennis, and cricket. While most of these stress related
conditions resolved without growth complication
during short term follow up, there are nonetheless many
reports of stress related premature partial or complete
physeal closure.”””® Researchers reported numerous
changes subsequent to sports related stress injury to
the distal femoral and/or proximal tibia physes among
rugby and tennis players.””®" It is of great concern that
several coaches of children and youth sports, although
enthusiastic are largely uninformed about peculiar
growth and development characteristics of children and
youth and are also unaware of the appropriate care and
preventive measures of athletic epiphyseal trauma.

Techniques to prevent injuries. Prevention of injuries
mainly sports injuries should be a priority for parents,
coaches and children themselves. Protection (helmet,
padding) is mandatory for some activities. Proper
education and preparation are necessary for all sports
activities.®® Training and skill development should be
individualized to minimize the risk of acute and stress
connected physeal and extraphyseal injuries. In specific,
coaches should reduce training loads and delay skill
progressions for young athletes experiencing periods

Figure 3 - An MRI scan showing A) premature closure of tibial physis. B) A chronic epiphyseal injury with
signs of premature closure.
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of rapid growth.®* Careful measurement of height
at 3 months interval will provide coaches with data
to estimate growth rate. Height measurements should
be taken at the same time of the day (preferably in the
morning) and should not be taken after a workout.”
Coaches should avoid excessive repetitive movements
that may result in overuse injury. Emphasis should
be on quality of workouts instead of high training
volume ®%

Young athletes should have periodic physical
examination so that stress related epiphyseal and other
overuse injuries can be diagnosed as early as possible.
Amendments, made to the training program should be
taken to assist in the recovery process. When indicated,
radiographs of symptomatic physis areas should be
carried oute to rule out stress changes. Although
evidence on injury prevention is deficient, physical
conditioning may help to reduce both acute and chronic
musculoskeletal injuries.’*®” Trained athletic personnel
should supervise injury rehabilitation and return to
practice.”* Periodization of training can help to reduce
stress related physeal injuries and prevent overtraining.
This practice involves the systematic cycling of training
loads for a set periods of time with well-defined rest
periods.”* The recommendations for acute epiphyseal
fractures involving a joint are that the child should not
participate in contact sports for at least 4-6 months to
prevent re-injury.’*** Long term follow up is usually
necessary to monitor the child’s recuperation and growth.
Assessment includes x-ray examination of matching
limbs at 3-6 month periods for at least 2 years.** For
collision sports, a non-invasive measure for grouping
young athletes has been proposed. There should be a
nationwide awareness program to educate the masses
about the proper playing and proper environment to
play.®

Diagnostic modalities. Standard ankle radiographs
can be performed on the basis of Ottawa Ankle Rules
after an acute ankle injury to evaluate suspected
lesions.'®  These injuries in children needs carefull
evaluation with history, and examination, keeping in
mind all the possibilities of occult soft tissue injuries
and fractures which can be easily missed with the
diagnosis of sprains and usually resulting disabled
in deformities.” In some cases, the ankle injuries
in growing skeleton need advanced investigations
like ultrasound and MRI. Stress radiography or
arthroscopic, all are recommended to make an accurate
diagnosis.”** Among radiographically negative ankle
and wrist injuries, ultrasound can be used as an adjunct
to radiography in clinically suspicious cases.” Although
MRI offers superior soft tissue contrast resolution,”

836  Saudi Med J 2012; Vol. 33 (8)

WWW.Smj.org.sa

both conventional radiography and MRI are useful
in the diagnosis of epiphyseal and physeal injury. It
helps in detection of occult fractures; however, it may
alter Salter Harris staging and consequently change the
line of management of patient.”” Sonography has been
shown to be effective in the diagnosis of musculoskeletal
pathology, and its use is increasing.”®” It is a valuable
tool for examining the tendons of the ankle joints.'®
Rupture of the ATFL can be diagnosed with a sensitivity
0f 96-100% using arthrography. For anatomical reasons
the PTFL, sensitivity decreases to 75%.°

Magnetic resonance imaging of the knee and ankle is
playing an increasingly important role in the detection,
diagnosis and prognosis of these injuries and their
associated complications and is increasingly seen as the
modality of choice for evaluating ligamentous injuries
of the knee and ankle. A sensitivity and specificity of
up to 93%'""1 to 96%'* and 89%'"" to 98%'>1%
respectively are reported for the diagnosis of anterior
cruciate ligament (ACL) injuries with MRI. Lateral
ligamentous complex injuries of the ankle are also
well visualized on MRI, with a sensitivity of 74% and
specificity of 100%,'°>'* among other ligamentous
injuries.

Prognosis and treatment. Ankle injuries experiencing
a significant cost to both the individual and society.'”
In order to evaluate the effectiveness of therapeutic
interventionsand to manage these injuries, itisimportant
to have recovery awareness training course after an acute
lateral ankle injury and to assess potential factors for non-
recovery and re-sprains.'® There is a general census that
a minor injury to the lateral ligament complex recovers
quickly with non-operative management with excellent
prognosis,” Several studies indicated that 20-40%
failure following non-operative functional treatment
for acute lateral ligament disruption of the ankle.'””
A recent study shows that non-operative functional
treatment only and functional treatment after primary
surgical repair presented similar results after acute lateral
ankle sprain, but functional treatment only had an
approximately 10% failure rate and a slower return to
full activity.'” However, there is still controversy about
the good treatment for severe ankle sprains. Functional
treatment includes a short period of activity restriction,
taping, bandage, or an ankle brace, followed by early
weight-bearing.'® Exercises for range of motion, and
neuromuscular training of the ankle, should begin as
early as possible. Initial treatment is control of pain,
swelling, and maintenance of range of motion as much
as possible.'®® The application of ice after ankle sprain
is accepted generally.'”'” Nevertheless, the long-term
effects of cryotherapy and the effect on the tissue repair
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are not known.'” The non-steroidal anti-inflammatory
drugs (NSAID) leads to a significant reduction in pain
at short-term follow up. Other treatments such as
laser therapy,''* ultrasound,''"!? electrotherapy,''>!"
homeopathic therapy,'>''¢ hyperbaricoxygen therapy,'”
prolotherapy, platelet rich plasma,''®'?° and hyaluronic
acid'® or topical nitroglycerin injection'*' were not
effective, and have insufficient evidence to prove their
benefit in the treatment of acute ankle injuries.

A recent systematic review revealed that the clinical
course of conventionally treated acute ankle sprains
at one year follow-up was 5-33% of the patients that
experienced pain and instability, 34% informed at
least one re-sprain, and 15-64% stated that they had
not recovered fully from their initial injury.'® These
injuries have large societal effect, and considering the
commonly poor clinical course, the optimal treatment
and rehabilitation protocols has yet not established.
The overall prognosis for different ankle injuries in
developing skeleton is good if diagnosed and classified
properly. The treating doctor should be aware of the
differences in adult and pediatric pathophysiology of
trauma and classification of trauma to physis which
is Salter-Harris classification, classify the patient and
treat accordingly. Failure to abide by the rules results
in complications, which have to be treated accordingly,
and these complications can never have full functional
recovery.?>!%?

Prognosis of Salter-Harris type I and II injuries
have excellent prognosis and usually treated with short
leg walking cast for 6 weeks and then gradually full
weight bearing.'* Salter- Harris III, IV the prognosis
is good but they have a potential for intra articular
deformity, and they are anatomically unstable, so they
usually require open reduction and internal fixation or
close reduction and percutaneous pinning.'”'** The
complications usually are angular deformities bony
bridges, key length deformities, rotational deformities,
vascular Necrosis and later on degenerative joint disease.
Salter- Harris V have poor prognosis even with surgical
intervention and usually end up with growth arrest.'**
Salter- Harris VI have good prognosis but can end up in
angular deformities.!**'%

Treatment of complications especially growth arrest.
Physeal bars or bridges result from growth plate injuries
that arrest a part of physis and leave the uninjured
physis to grow normally, this end up in angular growth
and deformity. The surgical option for this deformity is
physeal bridge resection with interposition of a fat graft
or artificial material but is reserved for patients with
over 2 cm of growth remaining and less than 50% of
physeal involvement. If the physis is involved more than

50% it should be treated with ipsilateral completion of
the arrest and contralateral epiphysiodesis or ipsilateral
limb lengthening.'261%

Challenges for future research. Prospective cohort
studies should contain analytical as well as descriptive
components, so that possible risk factors and viable
preventive procedures can also be determined. Studies
need to include as many relevant risk factors as possible
in order to account for the multivariate nature of ankle
injuries. A risk factor of particular interest is whether
periods or rapid growth related to an increased risk
of injury and accordingly whether training programs
planned to decrease the training loads during these
periods may also reduce risk of injury. Further research
studies that test the effectiveness of pre-participation
musculoskeletal screening are also recommended. It
is only through concerted combined efforts that best
results can be succeeded. The research team should
include the coach, athletic trainer, and sports injuries
physicians including orthopedic surgeons, emergency
room physicians, and epidemiologist, who interact in
a very dynamic manner. In addition, it is important
to highlight that each effort should be made by the
research team to launch an open and trusting dialogue
with young athletes and their parents. It is only after
that, an adequate database can be established.

Acknowledgment. The author gratefully acknowledges
Mr. Asirvatham A. Robert, Research Center, and Dr. Kashif Syed,
Medical Affairs, Sultan Bin Abdulaziz Humanitarian City, Riyadp,
Kingdom of Saudi Arabia for their kind assistance.

References

1. Parkkari J, Kannus P, Natri A, Lapinleimu I, Palvanen M,
Heiskanen M, et al. Active living and injury risk. Int ] Sports
Med 2004; 25: 209-216.

2. Parkkari J, Taanila H, Suni J, Mattila VM, Ohrankammen
O, Vuorinen B et al. Neuromuscular training with injury
prevention counselling to decrease the risk of acute
musculoskeletal injury in young men during military service: a
population-based, randomised study. BMC Med 2011; 9: 35.

3. Tiirikainen K, Lounamaa A, Paavola M, Kumpula H, Parkkari
J. Trend in sports injuries among young people in Finland. Iz
J Sports Med 2008; 29: 529-536.

4. Meunier B, Joskin J, Gillet P, Magotteaux P, Simoni P.
[Imaging in ankle traumas with special attention to fractures
and their mechanisms]. Rev Med Liege 2011; 66: 491-497.

5. Polzer H, Kanz KG, Prall WC, Haasters F Ockert B,
Mutschler W, et al. Diagnosis and treatment of acute ankle
injuries: development of an evidence-based algorithm. Orthap
Rev (Pavia) 2012; 4: €5.

6. Chan KW, Ding BC, Mroczek KJ. Acute and chronic lateral
ankle instability in the athlete. Bull NYU Hosp Jt Dis 2011;
69: 17-26.

Saudi Med J 2012; Vol. 33 (8) 837

WWW.Sm].0rg.sa


http://dx.doi.org/10.1055/s-2004-819935
http://dx.doi.org/10.1055/s-2004-819935
http://dx.doi.org/10.1055/s-2004-819935
http://dx.doi.org/10.1186/1741-7015-9-35
http://dx.doi.org/10.1186/1741-7015-9-35
http://dx.doi.org/10.1186/1741-7015-9-35
http://dx.doi.org/10.1186/1741-7015-9-35
http://dx.doi.org/10.1186/1741-7015-9-35
http://dx.doi.org/10.1055/s-2007-965332
http://dx.doi.org/10.1055/s-2007-965332
http://dx.doi.org/10.1055/s-2007-965332
http://www.ncbi.nlm.nih.gov/pubmed?term=21995239
http://www.ncbi.nlm.nih.gov/pubmed?term=21995239
http://www.ncbi.nlm.nih.gov/pubmed?term=21995239
http://dx.doi.org/10.4081/or.2012.e5
http://dx.doi.org/10.4081/or.2012.e5
http://dx.doi.org/10.4081/or.2012.e5
http://dx.doi.org/10.4081/or.2012.e5
http://www.ncbi.nlm.nih.gov/pubmed?term=21332435
http://www.ncbi.nlm.nih.gov/pubmed?term=21332435
http://www.ncbi.nlm.nih.gov/pubmed?term=21332435

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

838

Ankle injuries in growing skeleton ... Zamzami

. Janssen KW, van Mechelen W, Verhagen EA.Ankles back

in randomized controlled trial (ABrCt): braces versus
neuromuscular exercises for the secondary prevention of
ankle sprains. Design of a randomised controlled trial. BMC
Musculoskelet Disord 2011; 12: 210.

. McGuine TA, Brooks A, Hetzel S. The effect of lace-up ankle

braces on injury rates in high school basketball players. Am J
Sports Med 2011; 39: 1840-1848.

. Valderrabano V, Leumann A, Pagenstert G, Frigg A, Ebneter

L, Hintermann B. [Chronic ankle instabilicy in sports-a
review for sports physicians]. Sportverletz Sportschaden 2006;
20: 177-183.

Fong DT, Hong Y, Chan LK, Yung PS, Chan KM. A systematic
review on ankle injury and ankle sprain in sports. Sports Med
2007; 37: 73-94.

Yard EE, Schroeder MJ, Fields SK, Collins CL, Comstock
RD. The epidemiology of United States high school soccer
injuries, 2005-2007. Am J Sports Med 2008; 36: 1930-1937.
Boyce SH, Quigley MA. Review of sports injuries presenting
to an accident and emergency department. Emerg Med ]
2004; 21: 704-706.

Lin CW, Hiller CE, de Bie RA. Fvidence-based treatment for
ankle injuries: a clinical perspective. J Man Manip Ther 2010;
18:22-28.

Shanmugam C, Maffulli N. Sports injuries in children. Br
Med Bull 2008; 86: 33-57.

McGuine TA, Hetzel S, Wilson ], Brooks A. The effect of lace-
up ankle braces on injury rates in high school football players.
Am J Sports Med 2012; 40: 49-57.

Kronenberg HM. Developmental regulation of the growth
plate. Nature 2003; 423: 332-336.

Kerssemakers S, Fotiadou AN, de Jonge MC, Karantanas
AH, Maas M. Sport injuries in the paediatric and adolescent
patient: a growing problem. Pediatr Radiol 2009; 39: 471-
484,

Riccardi G, Riccardi D, Marcarelli M, Del Regno N, Riccio
V. Extremely proximal fractures of the fifth metatarsal in the
developmental age. Foot Ankle Int 2011; 32: 526-532.
Kannus P, Jarvinen M. Knee ligament injuries in adolescents.
Eight year follow-up of conservative management. J Bone
Joint Surg Br 1988; 70: 772-776.

Richardson RB. A physiological skeletal model for radionuclide
and stable element biokinetics in children and adults. Health
Phys 2010; 99: 471-482.

Villemure I, Stokes IA. Growth plate mechanics and
mechanobiology. A survey of present understanding. J
Biomech 2009; 42: 1793-803.

Eastwood DM, de Gheldere A. Physeal injuries in children.
Surgery 2011; 29: 146-52.

Schurz M, Binder H, Platzer P, Schulz M, Hajdu S, Vecsei V.
Physeal injuries of the distal tibia: long-term results in 376
patients. Int Orthop 2010; 34: 547-552.

Caine D, DiFiori J, Maffulli N. Physeal injuries in children>s
and youth sports: reasons for concern? Br J Sports Med 20065
40: 749-760.

Spath SS, Andrade AC, Chau M, Nilsson O. Local regulation
of growth plate cartilage. Endocr Dev 2011; 21: 12-22.
Burdan F, Szumilo J, Korobowicz A, Farooquee R, Patel S,
Patel A, et al. Morphology and physiology of the epiphyseal
growth plate. Folia Histochem Cytobiol 2009; 47: 5-16.

JA O. Skeletal injury in the child. New York (NY): Springer-
Verlag; 2000.

Saudi Med ] 2012; Vol. 33 (8)

WWW.Smj.org.sa

28

29

30.

31.
32.
33.
34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Maffulli N, Bruns W. Injuries in young athletes. Eur J Pediatr
2000; 159: 59-63.

Wei F, Braman JE, Weaver BT, Haut RC. Determination of
dynamic ankle ligament strains from a computational model
driven by motion analysis based kinematic data. J Biomech
2011; 44: 2636-2641.

Lirani-Galvao AP, Lazaretti-Castro M. Physical approach for
prevention and treatment of osteoporosis. Arq Bras Endocrinol
Metabol 2010; 54: 17.

Sharma P, Luscombe KL, Maffulli N. Sports injuries in
children. Trauma 2003; 5: 245-259.

Maffulli N, Sharma P, Luscombe KL. Achilles tendinopathy:
aetiology and management. J R Soc Med 2004; 97: 472-476.
Adirim TA, Cheng TL. Overview of injuries in the young
athlete. Sports Med 2003; 33: 75-81.

Castiglia PT. Sports injuries in children. J Pediatr Health Care
1995; 9: 32-33.

Steinberg N, Hershkovitz I, Peleg S, Dar G, Masharawi Y,
Siev-Ner I.Paratenonitis of the foot and ankle in young female
dancers. Foot Ankle Int 2011; 32: 1115-1121.

O’Kane JW, Levy MR, Pietila KE, Caine D], Schiff MA.
Survey of injuries in Seattle area levels 4 to 10 female club
gymnasts. Clin ] Sport Med 2011; 21: 486-492.

Leanderson C, Leanderson ], Wykman A, Strender LE,
Johansson SE, Sundquist K. Musculoskeletal injuries in young
ballet dancers. Knee Surg Sports Traumatol Arthrosc 2011;
19: 1531-1535.

Waterman BR, Owens BD, Davey S, Zacchilli MA, Belmont
PJ Jr. The epidemiology of ankle sprains in the United States.
J Bone jJoint Surg Am 2010; 92: 2279-2284.

Ivins D.Acute ankle sprain: an update. Am Fam Physician
2006; 74: 1714-1720.

Adickes MS, Stuart MJ. Youth football injuries. Sports Med
2004; 34: 201-207.

Pierce MC, Bertocci GE, Vogeley E, Moreland MS. Evaluating
long bone fractures in children: a biomechanical approach
with illustrative cases. Child Abuse Negl 2004; 28: 505-524.
Morrison KE, Kaminski TW. Foot characteristics in association
with inversion ankle injury. J Azhl Train 2007; 42: 135-142.
Maffulli N, Pintore E. Intensive training in young athletes. Br
J Sports Med 1990; 24: 237-239.

Tursz A, Crost M. Sports-related injuries in children. A
study of their characteristics, frequency, and severity, with
comparison to other types of accidental injuries. Am J Sports
Med 1986; 14: 294-299.

Deibert MC, Aronsson DD, Johnson R], Ettlinger CF, Shealy
JE. Skiing injuries in children, adolescents, and adults. J Bone
Joint Surg Am 1998; 80: 25-32.

Flachsmann R, Broom ND, Hardy AE, Moltschaniwskyj
G. Why is the adolescent joint particularly susceptible to
osteochondral shear fracture? Clin Orthop Relat Res 2000;
381:212-221.

Larson RL, McMahan RO. The epiphyses and the childhood
athlete. JAMA 1966; 196: 607-612.

Bright RW, Burstein AH, Elmore SM. Epiphyseal-plate
cartilage. A biomechanical and histological analysis of failure
modes. J Bone Joint Surg Am 1974; 56: 688-703.

Bailey DA, Wedge JH, McCulloch RG, Martin AD,
Bernhardson SC. Epidemiology of fractures of the distal end
of the radius in children as associated with growth. J Bone

Joint Surg Am 1989; 71: 1225-1231.


http://dx.doi.org/10.1186/1471-2474-12-210
http://dx.doi.org/10.1186/1471-2474-12-210
http://dx.doi.org/10.1186/1471-2474-12-210
http://dx.doi.org/10.1186/1471-2474-12-210
http://dx.doi.org/10.1186/1471-2474-12-210
http://dx.doi.org/10.1177/0363546511406242
http://dx.doi.org/10.1177/0363546511406242
http://dx.doi.org/10.1177/0363546511406242
http://dx.doi.org/10.1055/s-2006-927330
http://dx.doi.org/10.1055/s-2006-927330
http://dx.doi.org/10.1055/s-2006-927330
http://dx.doi.org/10.1055/s-2006-927330
http://dx.doi.org/10.2165/00007256-200737010-00006
http://dx.doi.org/10.2165/00007256-200737010-00006
http://dx.doi.org/10.2165/00007256-200737010-00006
http://dx.doi.org/10.1177/0363546508318047
http://dx.doi.org/10.1177/0363546508318047
http://dx.doi.org/10.1177/0363546508318047
http://dx.doi.org/10.1136/emj.2002.002873
http://dx.doi.org/10.1136/emj.2002.002873
http://dx.doi.org/10.1136/emj.2002.002873
http://dx.doi.org/10.1179/106698110X12595770849524
http://dx.doi.org/10.1179/106698110X12595770849524
http://dx.doi.org/10.1179/106698110X12595770849524
http://dx.doi.org/10.1093/bmb/ldn001
http://dx.doi.org/10.1093/bmb/ldn001
http://dx.doi.org/10.1177/0363546511422332
http://dx.doi.org/10.1177/0363546511422332
http://dx.doi.org/10.1177/0363546511422332
http://dx.doi.org/10.1038/nature01657
http://dx.doi.org/10.1038/nature01657
http://dx.doi.org/10.1007/s00247-009-1191-z
http://dx.doi.org/10.1007/s00247-009-1191-z
http://dx.doi.org/10.1007/s00247-009-1191-z
http://dx.doi.org/10.1007/s00247-009-1191-z
http://dx.doi.org/10.3113/FAI.2011.0526
http://dx.doi.org/10.3113/FAI.2011.0526
http://dx.doi.org/10.3113/FAI.2011.0526
J Bone Joint Surg Br. 1988 Nov;70(5):772-6. Knee ligament injuries in adolescents. Eight year follow-up of conservative management. Kannus P, J�rvinen M.
J Bone Joint Surg Br. 1988 Nov;70(5):772-6. Knee ligament injuries in adolescents. Eight year follow-up of conservative management. Kannus P, J�rvinen M.
J Bone Joint Surg Br. 1988 Nov;70(5):772-6. Knee ligament injuries in adolescents. Eight year follow-up of conservative management. Kannus P, J�rvinen M.
http://dx.doi.org/10.1097/HP.0b013e3181d0cd4a
http://dx.doi.org/10.1097/HP.0b013e3181d0cd4a
http://dx.doi.org/10.1097/HP.0b013e3181d0cd4a
http://dx.doi.org/10.1016/j.jbiomech.2009.05.021
http://dx.doi.org/10.1016/j.jbiomech.2009.05.021
http://dx.doi.org/10.1016/j.jbiomech.2009.05.021
http://www.surgeryjournal.co.uk/article/S0263-9319(11)00004-4/abstract
http://www.surgeryjournal.co.uk/article/S0263-9319(11)00004-4/abstract
http://dx.doi.org/10.1007/s00264-009-0851-9
http://dx.doi.org/10.1007/s00264-009-0851-9
http://dx.doi.org/10.1136/bjsm.2005.017822
http://dx.doi.org/10.1136/bjsm.2005.017822
http://dx.doi.org/10.1136/bjsm.2005.017822
http://dx.doi.org/10.1159/000328084
http://dx.doi.org/10.1159/000328084
http://dx.doi.org/10.2478/v10042-009-0007-1
http://dx.doi.org/10.2478/v10042-009-0007-1
http://dx.doi.org/10.2478/v10042-009-0007-1
http://dx.doi.org/10.1007/s004310050011
http://dx.doi.org/10.1007/s004310050011
http://dx.doi.org/10.1016/j.jbiomech.2011.08.010
http://dx.doi.org/10.1016/j.jbiomech.2011.08.010
http://dx.doi.org/10.1016/j.jbiomech.2011.08.010
http://dx.doi.org/10.1016/j.jbiomech.2011.08.010
http://dx.doi.org/10.1590/S0004-27302010000200013
http://dx.doi.org/10.1590/S0004-27302010000200013
http://dx.doi.org/10.1590/S0004-27302010000200013
http://dx.doi.org/10.1191/1460408603ta291oa
http://dx.doi.org/10.1191/1460408603ta291oa
http://dx.doi.org/10.1258/jrsm.97.10.472
http://dx.doi.org/10.2165/00007256-200333010-00006
http://dx.doi.org/10.2165/00007256-200333010-00006
http://dx.doi.org/10.1016/S0891-5245(05)80045-8
http://dx.doi.org/10.1016/S0891-5245(05)80045-8
http://dx.doi.org/10.3113/FAI.2011.1115
http://dx.doi.org/10.3113/FAI.2011.1115
http://dx.doi.org/10.3113/FAI.2011.1115
http://dx.doi.org/10.1097/JSM.0b013e31822e89a8
http://dx.doi.org/10.1097/JSM.0b013e31822e89a8
http://dx.doi.org/10.1097/JSM.0b013e31822e89a8
http://dx.doi.org/10.1007/s00167-011-1445-9
http://dx.doi.org/10.1007/s00167-011-1445-9
http://dx.doi.org/10.1007/s00167-011-1445-9
http://dx.doi.org/10.1007/s00167-011-1445-9
http://dx.doi.org/10.2106/JBJS.I.01537
http://dx.doi.org/10.2106/JBJS.I.01537
http://dx.doi.org/10.2106/JBJS.I.01537
http://www.ncbi.nlm.nih.gov/pubmed?term=17137000
http://www.ncbi.nlm.nih.gov/pubmed?term=17137000
http://dx.doi.org/10.2165/00007256-200434030-00005
http://dx.doi.org/10.2165/00007256-200434030-00005
http://dx.doi.org/10.1016/j.chiabu.2003.01.001
http://dx.doi.org/10.1016/j.chiabu.2003.01.001
http://dx.doi.org/10.1016/j.chiabu.2003.01.001
http://www.ncbi.nlm.nih.gov/pubmed?term=17597955%20
http://dx.doi.org/10.1136/bjsm.24.4.237
http://dx.doi.org/10.1177/036354658601400409
http://dx.doi.org/10.1177/036354658601400409
http://dx.doi.org/10.1177/036354658601400409
http://www.ncbi.nlm.nih.gov/pubmed?term=9469305
http://www.ncbi.nlm.nih.gov/pubmed?term=9469305
http://www.ncbi.nlm.nih.gov/pubmed?term=9469305
http://dx.doi.org/10.1097/00003086-200012000-00025
http://dx.doi.org/10.1097/00003086-200012000-00025
http://dx.doi.org/10.1097/00003086-200012000-00025
http://dx.doi.org/10.1097/00003086-200012000-00025
http://dx.doi.org/10.1001/jama.1966.03100200047015
http://dx.doi.org/10.1001/jama.1966.03100200047015
http://www.ncbi.nlm.nih.gov/pubmed?term=4835816
http://www.ncbi.nlm.nih.gov/pubmed?term=4835816
http://www.ncbi.nlm.nih.gov/pubmed?term=4835816
http://www.ncbi.nlm.nih.gov/pubmed?term=2777851
http://www.ncbi.nlm.nih.gov/pubmed?term=2777851
http://www.ncbi.nlm.nih.gov/pubmed?term=2777851
http://www.ncbi.nlm.nih.gov/pubmed?term=2777851

50.

51.

52.

53.
54.

55.

56.

57.

58.

59.

60.

61.
62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Ankle injuries in growing skeleton ... Zamzami

Connolly SA, Connolly LB, Jaramillo D. Imaging of sports
injuries in children and adolescents. Radiol Clin North Am
2001; 39: 773-790.

Salter RB, Harris WR. Injuries involving the epiphyseal plate.
J Bone Joint Surg [Am] 1963; 45:587-622.

Barmada A, Gaynor T, Mubarak SJ. Premature physeal closure
following distal tibia physeal fractures: a new radiographic
predictor. J Pediatr Orthop 2003; 23: 733-739.

Goga IE, Gongal P Severe soccer injuries in amateurs. Br J
Sports Med 2003; 37: 498-501.

Samsani SR, Chell J. A complex distal femoral epiphyseal
injury with a Hoffa’s fracture. Injury 2004; 35: 825-827.
Rennie L, Court-Brown CM, Mok JY, Beattie TE The
epidemiology of fractures in children. Injury 2007; 38:
913-922.

Al-Aubaidi Z. [Valgus deformity after distal fibular fracture].
Ugeskr Laeger 2011; 173: 2656-2657.

Caine DJ, Golightly YM. Osteoarthritis as an outcome of
paediatric sport: an epidemiological perspective. Br J Sports
Med 2011; 45: 298-303.

Davis KW. Imaging pediatric sports injuries: lower extremity.
Radiol Clin North Am 2010; 48: 1213-1235.

Oestreich AE, Bhojwani N. Stress fractures of ankle and wrist
in childhood: nature and frequency. Pediatr Radiol 2010; 40:
1387-1389.

Wannop JW, Worobets JT, Stefanyshyn DJ. Footwear traction
and lower extremity joint loading. Am J Sports Med 2010; 38:
1221-1228.

O’Neill DB, Micheli L]. Overuse injuries in the young athlete.
Clin Sports Med 1988; 7: 591-610.

Bayes MC, Wadsworth LT. Upper extremity injuries in golf.
Phys Sportsmed 2009; 37: 92-96.

Davenport TE, Kulig K, Fisher BE. Ankle manual therapy
for individuals with post-acute ankle sprains: description
of a randomized, placebo-controlled clinical trial. BMC
Complement Altern Med 2010; 10: 59.

Stanish WD. Lower leg, foot, and ankle injuries in young
athletes. Clin Sports Med 1995; 14: 651-668.

Stanitski CL. Common injuries in preadolescent and
adolescent athletes. Recommendations for prevention. Sports
Med 1989; 7: 32-41.

Duysens J, Levin O. Ankle sprains: getting off on the wrong
foot. Exerc Sport Sci Rev 2010; 38: 143-149.

Park HJ, Cha SD, Kim HS, Chung ST, Park NH, Yoo JH,
et al. Reliability of MRI findings of peroneal tendinopathy
in patients with lateral chronic ankle instability. Clin Orthop
Surg 2010; 2: 237-243.

Busconi BD, Pappas AM. Chronic, painful ankle instability in
skeletally immature athletes. Ununited osteochondral fractures
of the distal fibula. Am J Sports Med 1996; 24: 647-651.
Cloke DJ, Ansell P, Avery B, Dechan D. Ankle injuries in
football academies: a three-centre prospective study. Br J
Sports Med 2011; 45: 702-708.

DiFiori JB Caine DJ, Malina RM. Wrist pain, distal radial
physeal injury, and ulnar variance in the young gymnast. Am
J Sports Med 2006; 34: 840-849.

Jaramillo D, Laor T, Zaleske D]J. Indirect trauma to the growth
plate: results of MR imaging after epiphyseal and metaphyseal
injury in rabbits. Radiology 1993; 187: 171-178.

Kolt GS, Kirkby R]. Epidemiology of injury in elite and
subelite female gymnasts: a comparison of retrospective and

prospective findings. Br J Sports Med 1999; 33: 312-318.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Linder MM, Townsend D], Jones JC, Balkcom IL, Anthony
CR. Incidence of adolescent injuries in junior high school
football and its relationship to sexual maturity. Clin J Sport
Med 1995; 5: 167-170.

Lalonde KA, Letts M. Traumatic growth arrest of the distal
tibia: a clinical and radiographic review. Can J Surg 2005; 48:
143-147.

Nenopoulos SP, Papavasiliou VA, Papavasiliou AV. Rotational
injuries of the distal tibial growth plate. J Orthap Sci 2003; 8:
784-788.

Stephens DC, Louis E, Louis DS. Traumatic separation of the
distal femoral epiphyseal cartilage plate. J Bone Joint Surg Am
1974; 56: 1383-1890.

Carson WG, Jr., Gasser SI. Little Leaguer’s shoulder. A report
of 23 cases. Am J Sports Med 1998; 26: 575-580.

Sato T, Shinozaki T, Fukuda T, Watanabe H, Aoki J, Yanagawa
T, et al. Atypical growth plate closure: a possible chronic Salter
and Harris Type V injury. J Pediatr Orthop B 2002; 11: 155-
158.

Laor T, Wall EJ, Vu LP. Physeal widening in the knee due to
stress injury in child athletes. A/R Am J Roentgenol 2006; 186:
1260-1264.

Nanni M, Butt S, Mansour R, Muthukumar T, Cassar-
Pullicino VN, Roberts A. Stress-induced Salter-Harris I
growth plate injury of the proximal tibia: first report. Skeletal
Radiol 2005; 34: 405-410.

Kiani A, Hellquist E, Ahlgvist K, Gedeborg R, Michaelsson
K, Byberg L. Prevention of soccer-related knee injuries in
teenaged girls. Arch Intern Med 2010; 170: 43-49.
Lascombes P, Mainard L, Haumont T, Journeau P [Sports
injuries and their prevention in childhood and adolescence].
Bull Acad Natl Med 2010; 194: 1249-1266.

Saunders N, Otago L, Romiti M, Donaldson A, White B,
Finch C. Coaches’s perspectives on implementing an evidence-
informed injury prevention programme in junior community
netball. Br J Sports Med 2010; 44: 1128-1132.

Hagen M, Hennig EM, Stieldorf P. Lower and upper extremity
loading in nordic walking in comparison with walking and
running. J Appl Biomech 2011; 27: 22-31.

Hawkins D, Metheny J. Overuse injuries in youth sports:
biomechanical considerations. Med Sci Sports Exerc 2001; 33:
1701-1707.

Carter CW, Micheli LJ. Training the child athlete: physical
fitness, health and injury. Br J Sports Med 2011; 45: 880-
885.

McGuine TA, Keene ]S.The effect of a balance training
program on the risk of ankle sprains in high school athletes.
Am J Sports Med 2006; 34: 1103-1111.

Mirwald RL, Baxter-Jones AD, Bailey DA, Beunen GP. An
assessment of maturity from anthropometric measurements.
Med Sci Sports Exerc 2002; 34: 689-694.

Stiell IG, Greenberg GH, McKnight RD, Nair RC, McDowell
I, Worthington JR. A study to develop clinical decision rules
for the use of radiography in acute ankle injuries. Ann Emerg
Med 1992; 21: 384-390.

Yammine K, Fathi Y. Ankle “sprains” during sport activities
with normal radiographs: Incidence of associated bone and
tendon injuries on MRI findings and its clinical impact. Foot
(Edinb) 2011; 21: 176-178.

Beldame J, Bertiaux S, Roussignol X, Lefebvre B, Adam
JM, Mouilhade F, et al. Laxity measurements using stress
radiography to assess anterior cruciate ligament tears. Orthop

Traumatol Surg Res 2011; 97: 34-43.

Saudi Med J 2012; Vol. 33 (8) 839

WWW.Smj.org.sa


http://dx.doi.org/10.1016/S0033-8389(05)70310-9
http://dx.doi.org/10.1016/S0033-8389(05)70310-9
http://dx.doi.org/10.1016/S0033-8389(05)70310-9
http://jbjs.org/pdfaccess.ashx?ResourceID=19244&PDFSource=17 
http://jbjs.org/pdfaccess.ashx?ResourceID=19244&PDFSource=17 
http://dx.doi.org/10.1097/01241398-200311000-00010
http://dx.doi.org/10.1097/01241398-200311000-00010
http://dx.doi.org/10.1097/01241398-200311000-00010
http://dx.doi.org/10.1136/bjsm.37.6.498
http://dx.doi.org/10.1136/bjsm.37.6.498
http://dx.doi.org/10.1016/S0020-1383(02)00419-9
http://dx.doi.org/10.1016/S0020-1383(02)00419-9
http://dx.doi.org/10.1016/j.injury.2007.01.036
http://dx.doi.org/10.1016/j.injury.2007.01.036
http://dx.doi.org/10.1016/j.injury.2007.01.036
http://www.ncbi.nlm.nih.gov/pubmed?term=%5BValgus%20deformity%20after%20distal%20fibular%20fracture%5D.%20Ugeskr%20Laeger
http://www.ncbi.nlm.nih.gov/pubmed?term=%5BValgus%20deformity%20after%20distal%20fibular%20fracture%5D.%20Ugeskr%20Laeger
http://dx.doi.org/10.1136/bjsm.2010.081984
http://dx.doi.org/10.1136/bjsm.2010.081984
http://dx.doi.org/10.1136/bjsm.2010.081984
http://dx.doi.org/10.1016/j.rcl.2010.07.004
http://dx.doi.org/10.1016/j.rcl.2010.07.004
http://dx.doi.org/10.1007/s00247-010-1577-y
http://dx.doi.org/10.1007/s00247-010-1577-y
http://dx.doi.org/10.1007/s00247-010-1577-y
http://dx.doi.org/10.1177/0363546509359065
http://dx.doi.org/10.1177/0363546509359065
http://dx.doi.org/10.1177/0363546509359065
http://www.ncbi.nlm.nih.gov/pubmed?term=3042161
http://www.ncbi.nlm.nih.gov/pubmed?term=3042161
http://dx.doi.org/10.3810/PSM.2009.04.1687
http://dx.doi.org/10.3810/PSM.2009.04.1687
http://dx.doi.org/10.1186/1472-6882-10-59
http://dx.doi.org/10.1186/1472-6882-10-59
http://dx.doi.org/10.1186/1472-6882-10-59
http://dx.doi.org/10.1186/1472-6882-10-59
http://www.ncbi.nlm.nih.gov/pubmed?term=7553926
http://www.ncbi.nlm.nih.gov/pubmed?term=7553926
http://dx.doi.org/10.2165/00007256-198907010-00003
http://dx.doi.org/10.2165/00007256-198907010-00003
http://dx.doi.org/10.2165/00007256-198907010-00003
http://dx.doi.org/10.1097/JES.0b013e3181e4ebdd
http://dx.doi.org/10.1097/JES.0b013e3181e4ebdd
http://dx.doi.org/10.4055/cios.2010.2.4.237
http://dx.doi.org/10.4055/cios.2010.2.4.237
http://dx.doi.org/10.4055/cios.2010.2.4.237
http://dx.doi.org/10.4055/cios.2010.2.4.237
http://dx.doi.org/10.1177/036354659602400514
http://dx.doi.org/10.1177/036354659602400514
http://dx.doi.org/10.1177/036354659602400514
http://dx.doi.org/10.1136/bjsm.2009.067900
http://dx.doi.org/10.1136/bjsm.2009.067900
http://dx.doi.org/10.1136/bjsm.2009.067900
http://dx.doi.org/10.1177/0363546505284848
http://dx.doi.org/10.1177/0363546505284848
http://dx.doi.org/10.1177/0363546505284848
http://www.ncbi.nlm.nih.gov/pubmed?term=8451408
http://www.ncbi.nlm.nih.gov/pubmed?term=8451408
http://www.ncbi.nlm.nih.gov/pubmed?term=8451408
http://dx.doi.org/10.1136/bjsm.33.5.312
http://dx.doi.org/10.1136/bjsm.33.5.312
http://dx.doi.org/10.1136/bjsm.33.5.312
http://dx.doi.org/10.1097/00042752-199507000-00006
http://dx.doi.org/10.1097/00042752-199507000-00006
http://dx.doi.org/10.1097/00042752-199507000-00006
http://dx.doi.org/10.1097/00042752-199507000-00006
http://www.ncbi.nlm.nih.gov/pubmed?term=15887795
http://www.ncbi.nlm.nih.gov/pubmed?term=15887795
http://www.ncbi.nlm.nih.gov/pubmed?term=15887795
http://dx.doi.org/10.1007/s00776-003-0723-x
http://dx.doi.org/10.1007/s00776-003-0723-x
http://dx.doi.org/10.1007/s00776-003-0723-x
http://www.ncbi.nlm.nih.gov/pubmed?term=4433361
http://www.ncbi.nlm.nih.gov/pubmed?term=4433361
http://www.ncbi.nlm.nih.gov/pubmed?term=4433361
http://www.ncbi.nlm.nih.gov/pubmed?term=9689382
http://www.ncbi.nlm.nih.gov/pubmed?term=9689382
http://www.ncbi.nlm.nih.gov/pubmed?term=11943991
http://www.ncbi.nlm.nih.gov/pubmed?term=11943991
http://www.ncbi.nlm.nih.gov/pubmed?term=11943991
http://dx.doi.org/10.2214/AJR.04.1606
http://dx.doi.org/10.2214/AJR.04.1606
http://dx.doi.org/10.1007/s00256-004-0892-5
http://dx.doi.org/10.1007/s00256-004-0892-5
http://dx.doi.org/10.1007/s00256-004-0892-5
http://dx.doi.org/10.1007/s00256-004-0892-5
http://dx.doi.org/10.1001/archinternmed.2009.289
http://dx.doi.org/10.1001/archinternmed.2009.289
http://dx.doi.org/10.1001/archinternmed.2009.289
http://www.ncbi.nlm.nih.gov/pubmed?term=22043623
http://www.ncbi.nlm.nih.gov/pubmed?term=22043623
http://www.ncbi.nlm.nih.gov/pubmed?term=22043623
http://dx.doi.org/10.1136/bjsm.2009.069039
http://dx.doi.org/10.1136/bjsm.2009.069039
http://dx.doi.org/10.1136/bjsm.2009.069039
http://www.ncbi.nlm.nih.gov/pubmed?term=21451179
http://www.ncbi.nlm.nih.gov/pubmed?term=21451179
http://www.ncbi.nlm.nih.gov/pubmed?term=21451179
http://dx.doi.org/10.1097/00005768-200110000-00014
http://dx.doi.org/10.1097/00005768-200110000-00014
http://dx.doi.org/10.1097/00005768-200110000-00014
http://dx.doi.org/10.1136/bjsports-2011-090201
http://dx.doi.org/10.1136/bjsports-2011-090201
http://dx.doi.org/10.1177/0363546505284191
http://dx.doi.org/10.1177/0363546505284191
http://dx.doi.org/10.1097/00005768-200204000-00020
http://dx.doi.org/10.1097/00005768-200204000-00020
http://dx.doi.org/10.1016/S0196-0644(05)82656-3
http://dx.doi.org/10.1016/S0196-0644(05)82656-3
http://dx.doi.org/10.1016/S0196-0644(05)82656-3
http://www.ncbi.nlm.nih.gov/pubmed?term=Ankle%20sprains%20during%20sport%20activities%20with%20normal%20radiographs%3A%20Incidence%20of%20associated%20bone%20and%20tendon%20injuries%20on%20MRI%20findings%20and%20its%20clinical%20impact
http://www.ncbi.nlm.nih.gov/pubmed?term=Ankle%20sprains%20during%20sport%20activities%20with%20normal%20radiographs%3A%20Incidence%20of%20associated%20bone%20and%20tendon%20injuries%20on%20MRI%20findings%20and%20its%20clinical%20impact
http://www.ncbi.nlm.nih.gov/pubmed?term=Ankle%20sprains%20during%20sport%20activities%20with%20normal%20radiographs%3A%20Incidence%20of%20associated%20bone%20and%20tendon%20injuries%20on%20MRI%20findings%20and%20its%20clinical%20impact
http://www.ncbi.nlm.nih.gov/pubmed?term=Ankle%20sprains%20during%20sport%20activities%20with%20normal%20radiographs%3A%20Incidence%20of%20associated%20bone%20and%20tendon%20injuries%20on%20MRI%20findings%20and%20its%20clinical%20impact
http://dx.doi.org/10.1016/j.otsr.2010.08.004
http://dx.doi.org/10.1016/j.otsr.2010.08.004
http://dx.doi.org/10.1016/j.otsr.2010.08.004
http://dx.doi.org/10.1016/j.otsr.2010.08.004

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

840

Ankle injuries in growing skeleton ... Zamzami

Leontaritis N, Hinojosa L, Panchbhavi VK. Arthroscopically
detected intra-articular lesions associated with acute ankle
fractures. J Bone Joint Surg Am 2009; 91: 333-339.
Hashimoto T, Inokuchi S, Kokubo T. Clinical study of chronic
lateral ankle instability: injured ligaments compared with
stress X-ray examination. J Orthop Sci 2009; 14: 699-703.
Stehr MT. Lateral ankle ligament injury following inversion
ankle sprain. J Orthop Sports Phys Ther 2012; 42: 145.
Simanovsky N, Lamdan R, Hiller N. Sonographic detection
of radiographically occult fractures in pediatric ankle and
wrist injuries. J Pediatr Orthop 2009; 29: 142-145.
Martinoli C, Valle M, Malattia C, Beatrice Damasio M,
Tagliafico A. Paediatric musculoskeletal US beyond the hip
joint. Pediatr Radiol 2011; 11: 113-124.

Launay E Barrau K, Petit P, Jouve JL, Auquier B, Bollini G.
[Ankle injuries without fracture in children. Prospective study
with magnetic resonance in 116 patients]. Rev Chir Orthop
Reparatrice Appar Mot 2008; 94: 427-433.

Jamadar DA, Jacobson JA, Caoili EM, Boon TA, Dong Q,
Morag, et al. Musculoskeletal sonography technique: focused
versus comprehensive evaluation. A/R Am J Roentgenol 2008;
190: 5-9.

Lockhart ME, Robbin ML, Berland LL, Smith JK, Canon
CL, Stanley RJ. The sonographer practitioner: one piece to
the radiologist shortage puzzle. J Ultrasound Med 2003; 22:
861-864.

Cochet H, Pele E, Amoretti N, Brunot S, Lafenetre O,
Hauger O. Anterolateral ankle impingement: diagnostic
performance of MDCT arthrography and sonography. A/R
Am J Roentgenol 2010; 194: 1575-1580.

Barry KB, Mesgarzadeh M, Triolo J, Moyer R, Tehranzadeh
J, Bonakdarpour A. Accuracy of MRI patterns in evaluating
anterior cruciate ligament tears. Skeletal Radiol 1996; 25:
365-370.

Tham SC, Tsou IY, Chee TS. Knee and ankle ligaments:
magnetic resonance imaging findings of normal anatomy and
at injury. Ann Acad Med Singapore 2008; 37: 324-329.

Ha TP, Li KC, Beaulieu CE Bergman G, Chen IY, Eller DJ,
et al. Anterior cruciate ligament injury: fast spin-echo MR
imaging with arthroscopic correlation in 217 examinations.
AJR Am J Roentgenol 1998; 170: 1215-1219.

Breitenseher MJ, Trattnig S, Kukla C, Gaebler C, Kaider A,
Baldt MM, et al. MRI versus lateral stress radiography in acute
lateral ankle ligament injuries. J Comput Assist Tomogr 1997;
21: 280-285.

Bleakley CM, McDonough SM, MacAuley DC, Bjordal ]J.
Cryotherapy for acute ankle sprains: a randomised controlled
study of two different icing protocols. Br J Sports Med 20065
40: 700-705.

van Rijn RM, van Os AG, Bernsen RM, Luijsterburg PA,
Koes BW, Bierma-Zeinstra SM. What is the clinical course of
acute ankle sprains? A systematic literature review. Am J Med
2008; 121: 324-331.

Takao M, Miyamoto W, Matsui K, Sasahara J, Matsushita
T. Functional treatment after surgical repair for acute lateral
ligament disruption of the ankle in athletes. Am J Sports Med
2012; 40: 447-451.

Kannus P, Renstrom P. Treatment for acute tears of the lateral
ligaments of the ankle. Operation, cast, or early controlled
mobilization. J Bone Joint Surg Am 1991; 73: 305-312.

Saudi Med ] 2012; Vol. 33 (8)

WWW.Smj.org.sa

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

Bleakley C, McDonough S, MacAuley D. The use of ice in
the treatment of acute soft-tissue injury: a systematic review
of randomized controlled trials. Am J Sports Med 2004; 32:
251-361.
Stergioulas A. Low-level laser treatment can reduce edema in
second degree ankle sprains. J Clin Laser Med Surg 2004; 22:
125-128.
Qureshi AA, Ibrahim T, Rennie WJ, Furlong A. Dynamic
ultrasound assessment of the effects of knee and ankle position
on achilles tendon apposition following acute rupture. J Bone
Joint Surg Am 2011; 93: 2265-2270.
Sisson L, Croy T, Saliba S, Hertel J. Comparison of ankle
arthrometry to stress ultrasound imaging in the assessment of
ankle laxity in healthy adults. Inz J Sports Phys Ther 2011; 6:
297-305.
Mendel FC, Dolan MG, Fish DR, Marzo J, Wilding GE.
Effect of high-voltage pulsed current on recovery after grades
I and II lateral ankle sprains. J Sporz Rehabil 2010; 19: 399-
410.
Sandoval MC, Ramirez C, Camargo DM, Salvini TE Effect
of high-voltage pulsed current plus conventional treatment on
acute ankle sprain. Rev Bras Fisioter 2010; 14: 193-199.
Struijs B, Kerkhoffs G. Ankle sprain. Clin Evid 2007; pii:
1115.
Zell J, Connert WD, Mau ], Feuerstake G. [Treatment of
acute sprains of the ankle joint. Double-blind study assessing
the effectiveness of a homeopathic ointment preparation].
Fortschr Med 1988; 106: 96-100.
Kanhai A, Losito JM. Hyperbaric oxygen therapy for lower-
extremity soft-tissue sports injuries. J Am Podiatr Med Assoc
2003; 93: 298-306.
Cervelli V, Lucarini L, Spallone D, Brinci L, de Angelis B.
Use of platelet rich plasma and hyaluronic acid on exposed
tendons of the foot and ankle. J Wound Care 2010; 19: 186.
Petrella MJ, Cogliano A, Petrella R]. Original research: long-
term efficacy and safety of periarticular hyaluronic acid in
acute ankle sprain. Phys Sportsmed 2009; 37: 64-70.
Soomekh DJ. Current concepts for the use of platelet-rich
plasma in the foot and ankle. Clin Podiatr Med Surg 2011;
28:155-170.
Rabago D, Slattengren A, Zgierska A. Prolotherapy in primary
care practice. Prim Care 2010; 37: 65-80.
Bumei G, Gavriliu S, Georgescu I, Vlad C, Draghici I,
Hurmuz L, Dan D, Hodorogea D. The therapeutic attitude
in distal radial Salter and Harris type I and II fractures in
children. J Med Life 2010; 3: 70-75.
Edmunds I, Nade S. Injuries of the distal femoral growth plate
and epiphysis: should open reduction be performed? Aust N Z
J Surg 1993; 63: 195-199.
Marsh JS, Daigneault JP. Ankle injuries in the pediatric
population. Curr Opin Pediatr 2000; 12: 52-60.
Carson S, Woolridge DP, Colletti ], Kilgore K. Pediatric upper
extremity injuries. Pediatr Clin North Am 2006; 53: 41-67.
Khoshhal KI, Kiefer GN. Physeal bridge resection. J Am Acad
Orthop Surg 2005; 13: 47-58.
Lalonde KA, Letts M. Traumatic growth arrest of the distal
tibia: a clinical and radiographic review. Can J Surg 2005; 48:
143-147.


http://dx.doi.org/10.2106/JBJS.H.00584
http://dx.doi.org/10.2106/JBJS.H.00584
http://dx.doi.org/10.2106/JBJS.H.00584
http://dx.doi.org/10.1007/s00776-009-1386-z
http://dx.doi.org/10.1007/s00776-009-1386-z
http://dx.doi.org/10.1007/s00776-009-1386-z
http://www.ncbi.nlm.nih.gov/pubmed?term=22333733
http://www.ncbi.nlm.nih.gov/pubmed?term=22333733
http://dx.doi.org/10.1097/BPO.0b013e318198452e
http://dx.doi.org/10.1097/BPO.0b013e318198452e
http://dx.doi.org/10.1097/BPO.0b013e318198452e
http://dx.doi.org/10.1016/j.rco.2008.03.034
http://dx.doi.org/10.1016/j.rco.2008.03.034
http://dx.doi.org/10.1016/j.rco.2008.03.034
http://dx.doi.org/10.1016/j.rco.2008.03.034
http://dx.doi.org/10.2214/AJR.07.2433
http://dx.doi.org/10.2214/AJR.07.2433
http://dx.doi.org/10.2214/AJR.07.2433
http://dx.doi.org/10.2214/AJR.07.2433
http://www.ncbi.nlm.nih.gov/pubmed?term=14510256
http://www.ncbi.nlm.nih.gov/pubmed?term=14510256
http://www.ncbi.nlm.nih.gov/pubmed?term=14510256
http://www.ncbi.nlm.nih.gov/pubmed?term=14510256
http://dx.doi.org/10.2214/AJR.09.3650
http://dx.doi.org/10.2214/AJR.09.3650
http://dx.doi.org/10.2214/AJR.09.3650
http://dx.doi.org/10.2214/AJR.09.3650
http://dx.doi.org/10.1007/s002560050096
http://dx.doi.org/10.1007/s002560050096
http://dx.doi.org/10.1007/s002560050096
http://dx.doi.org/10.1007/s002560050096
http://www.ncbi.nlm.nih.gov/pubmed?term=18461218
http://www.ncbi.nlm.nih.gov/pubmed?term=18461218
http://www.ncbi.nlm.nih.gov/pubmed?term=18461218
http://www.ncbi.nlm.nih.gov/pubmed?term=9574587
http://www.ncbi.nlm.nih.gov/pubmed?term=9574587
http://www.ncbi.nlm.nih.gov/pubmed?term=9574587
http://www.ncbi.nlm.nih.gov/pubmed?term=9574587
http://dx.doi.org/10.1097/00004728-199703000-00022
http://dx.doi.org/10.1097/00004728-199703000-00022
http://dx.doi.org/10.1097/00004728-199703000-00022
http://dx.doi.org/10.1097/00004728-199703000-00022
http://dx.doi.org/10.1136/bjsm.2006.025932
http://dx.doi.org/10.1136/bjsm.2006.025932
http://dx.doi.org/10.1136/bjsm.2006.025932
http://dx.doi.org/10.1136/bjsm.2006.025932
http://dx.doi.org/10.1016/j.amjmed.2007.11.018
http://dx.doi.org/10.1016/j.amjmed.2007.11.018
http://dx.doi.org/10.1016/j.amjmed.2007.11.018
http://dx.doi.org/10.1016/j.amjmed.2007.11.018
http://dx.doi.org/10.1177/0363546511428581
http://dx.doi.org/10.1177/0363546511428581
http://dx.doi.org/10.1177/0363546511428581
http://dx.doi.org/10.1177/0363546511428581
http://www.ncbi.nlm.nih.gov/pubmed?term=1993726
http://www.ncbi.nlm.nih.gov/pubmed?term=1993726
http://www.ncbi.nlm.nih.gov/pubmed?term=1993726
http://dx.doi.org/10.1177/0363546503260757
http://dx.doi.org/10.1177/0363546503260757
http://dx.doi.org/10.1177/0363546503260757
http://dx.doi.org/10.1177/0363546503260757
http://dx.doi.org/10.1089/104454704774076181
http://dx.doi.org/10.1089/104454704774076181
http://dx.doi.org/10.1089/104454704774076181
http://dx.doi.org/10.2106/JBJS.J.01757
http://dx.doi.org/10.2106/JBJS.J.01757
http://dx.doi.org/10.2106/JBJS.J.01757
http://dx.doi.org/10.2106/JBJS.J.01757
http://www.ncbi.nlm.nih.gov/pubmed?term=22163091%20%20
http://www.ncbi.nlm.nih.gov/pubmed?term=22163091%20%20
http://www.ncbi.nlm.nih.gov/pubmed?term=22163091%20%20
http://www.ncbi.nlm.nih.gov/pubmed?term=22163091%20%20
http://www.ncbi.nlm.nih.gov/pubmed?term=21116009
http://www.ncbi.nlm.nih.gov/pubmed?term=21116009
http://www.ncbi.nlm.nih.gov/pubmed?term=21116009
http://www.ncbi.nlm.nih.gov/pubmed?term=21116009
http://dx.doi.org/10.1590/S1413-35552010000300012
http://dx.doi.org/10.1590/S1413-35552010000300012
http://dx.doi.org/10.1590/S1413-35552010000300012
http://www.ncbi.nlm.nih.gov/pubmed?term=3283007
http://www.ncbi.nlm.nih.gov/pubmed?term=3283007
http://www.ncbi.nlm.nih.gov/pubmed?term=3283007
http://www.ncbi.nlm.nih.gov/pubmed?term=3283007
http://www.ncbi.nlm.nih.gov/pubmed?term=12869599
http://www.ncbi.nlm.nih.gov/pubmed?term=12869599
http://www.ncbi.nlm.nih.gov/pubmed?term=12869599
http://www.ncbi.nlm.nih.gov/pubmed?term=20505591
http://www.ncbi.nlm.nih.gov/pubmed?term=20505591
http://www.ncbi.nlm.nih.gov/pubmed?term=20505591
http://dx.doi.org/10.3810/PSM.2009.04.1684
http://dx.doi.org/10.3810/PSM.2009.04.1684
http://dx.doi.org/10.3810/PSM.2009.04.1684
http://dx.doi.org/10.1016/j.cpm.2010.09.001
http://dx.doi.org/10.1016/j.cpm.2010.09.001
http://dx.doi.org/10.1016/j.pop.2009.09.013
http://dx.doi.org/10.1016/j.pop.2009.09.013
http://www.ncbi.nlm.nih.gov/pubmed?term=20302200%20
http://www.ncbi.nlm.nih.gov/pubmed?term=20302200%20
http://www.ncbi.nlm.nih.gov/pubmed?term=20302200%20
http://www.ncbi.nlm.nih.gov/pubmed?term=20302200%20
http://dx.doi.org/10.1111/j.1445-2197.1993.tb00517.x
http://dx.doi.org/10.1111/j.1445-2197.1993.tb00517.x
http://dx.doi.org/10.1111/j.1445-2197.1993.tb00517.x
http://dx.doi.org/10.1097/00008480-200002000-00011
http://dx.doi.org/10.1097/00008480-200002000-00011
http://dx.doi.org/10.1016/j.pcl.2005.10.003
http://dx.doi.org/10.1016/j.pcl.2005.10.003
http://www.ncbi.nlm.nih.gov/pubmed?term=15712982
http://www.ncbi.nlm.nih.gov/pubmed?term=15712982
http://www.ncbi.nlm.nih.gov/pubmed?term=15887795%20%20
http://www.ncbi.nlm.nih.gov/pubmed?term=15887795%20%20
http://www.ncbi.nlm.nih.gov/pubmed?term=15887795%20%20

	Title
	Author
	Affiliation
	ABSTRACT
	Introduction
	Figure 1 
	Figure 2
	Figure 3
	References
	Acknowledgment.
	Disclosure.

