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Imaging of growth plate injuries™

Avaliacdo por imagem das lesbes da placa de crescimento

Matiko Yanaguizawa', Gustavo Sobreira Taberner?, André Yui Aihara?,
Claudia Kazue Yamaguchi®, Maria Carolina Guimaréaes®, André Rosenfeld’,
Jodo Luiz Fernandes®, Artur da Rocha Corréa Fernandes®

The structures responsible for the growth of bones include the physis (also called growth plate) and the
epiphysis. Affections involving patients with immature skeletons, i.e., with a still open growth plate, may
affect the bone growth, resulting in complications such as growth arrest, limb shortening and angular
deformities. Traumatic conditions, many times resulting in epiphyseal fractures, are the most frequent cause
of growth plate injuries. A careful evaluation of these patients by means of currently available imaging methods,
especially radiography, computed tomography and magnetic resonance imaging, allows an early diagnosis
of the involvement of structures related to the bone growth, besides an appropriate management, reducing
the probability of secondary complications.

Keywords: Growth plate; Fracture; Physeal bar; Bone bridge; Magnetic resonance imaging; Radiography;
Computed tomography.

As estruturas responsaveis pelo crescimento do osso incluem a fise (também chamada placa de crescimento)
e as epifises. AfeccOes que acometem pacientes com o esqueleto imaturo, ou seja, com a placa de cresci-
mento ainda aberta, podem interferir no crescimento dsseo, resultando em complicacées como parada do
crescimento, encurtamento dos membros ou deformidades angulares. Condicées traumaticas que resultam
muitas vezes em fraturas epifisarias sdo a causa mais comum das lesGes da placa de crescimento. A ava-
liacdo cuidadosa desses pacientes pelos métodos de diagnéstico por imagem atualmente disponiveis, sobre-
tudo a radiografia, a tomografia computadorizada e a ressonancia magnética, permite o reconhecimento precoce
do comprometimento das estruturas relacionadas ao crescimento dsseo, além de tratamento adequado, di-
minuindo a possibilidade do desenvolvimento de tais complicacdes.

Unitermos: Placa de crescimento; Fratura; Barra fisaria; Barra 6ssea; Imagem por ressonancia magnética;
Radiografia; Tomografia computadorizada.
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INTRODUCTION

The structures responsible for the bone
growth include the physis (growth plate)
and epiphysis. By means of the endochon-
dral ossification process, the cartilaginous
structures of these regions are responsible
for both the longitudina growth and shape
of the bone'™.

Severa pathologica conditions affect-
ing patientswith animmature skeleton may
involve the physis and epiphysis, causing
complications such as growth arrest, limb
shortening, development of bone bridges
and angular deformities®.

Acutetraumatic conditions, many times
resulting in fracture, represent the primary
causefor physeal injuriesin children. Other
conditions may affect the physis, as fol-
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lows: repetitive stress injuries, infections,
tumors, metabolic diseases, thermal and
radiation injuries, etc.?.

The assessment of these patients by
meansof currently availableimaging meth-
ods is indispensable and well established.
Radiography, computed tomography (CT)
and magnetic resonanceimaging (MRI) are
essential for this evaluation, considering
that they allow the early diagnosis of the
involvement of structures responsible for
the bone growth, besidesits extent and se-
verity. All thesefactors are essentia for an
appropriate management and follow-up,
minimizing or even preventing the onset of
complications?.

TRAUMATIC EPIPHY SEAL
INJURIES

Epiphyseal fracturesplay arelevant role
inthe context of traumatic injuries, consid-
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ering that they correspond to approximately
15% of all fractures occurring in children®.
The system most widely accepted for clas-
sifying these fractures has been proposed
by Salter and Harris, describing five clas-
sical types of fractures, the SH |1 type be-
ing the most frequent of them®.

Methods for imaging diagnosis repre-
sent essential elementsin the evaluation of
these patients, considering their capacity of
providing relevant information such astype
of fracture, localization and degree of
physeal involvement, besides detecting the
presence of bone bridge®. Although radi-
ography allows a reasonable evaluation of
epiphyseal fractures and is the initia
method for evaluation, additional imaging
studies may be requested. CT is useful for
evaluating the alignment of joint surfaces
and presence of bone bridges'?. MRI (Fig-
ures 1, 2 and 3) presents advantages such

Figure 1. Salter Harris type | fracture. Lateral radiography (A) and
MRI sagittal, T1-weighted image (B) of right wrist demonstrating
physeal widening of the posterior portion of the radius and a subtle

irregularity of adjacent bone margins (arrows).
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as identification of occult fractures and
better definition of the fracture extent, be-
sides the capacity of demonstrating asso-
ciated alterations such as ligamentous le-
sions?,

The involvement of children and ado-
lescents in sports practices is increasingly
frequent. Many of theseyoungstersinitiate
their practice at a very early age, and the
longer duration and higher intensity of
training may result in an overload of atill
immature skeleton™®. The physeal overload
changes the metaphyseal perfusion and
affects the chondrocytes mineralization.
Initially, a physeal widening occurs and,
with the persistence of the ischemic insult,
irregularity of the epiphyseal and metaphy-
seal marginsisobserved. These alterations
may befocal or involvethewhole physis?.
Physeal injuries of the distal portion of the
radiusin young gymnasts® (Figure 4), fe-

mur in runners, and proximal portions of
the humerusin baseball pitchers have been
described among repetitive stress inju-

ries®.

TRAUMATIC APOPHY SEAL
INJURIES

There are two types of epiphyses: trac-
tion epiphysisand pressure epiphysis, each
of them with their respective physes. Trac-
tion epiphyses, also called apophyses, are
ossification centers at the site of tendinous
insertion, whereas the pressure epiphyses
arelocalized at long bonesendsand arere-
sponsible for the longitudinal bone s
growth®,

Acute (avulsion) or chronic injuries af -
fecting the apophysis also may occur and
are not typically associated with alteration
in the longitudina bone growth.

Figure 2. Salter Harris type Il fracture. Axial CT (A) of left knee demonstrating a subtle
bone discontinuity line in the metaphyseal region of the femur (arrow). Coronal MRI T2-
weighted image (B) demonstrates more clearly a fracture trace involving the physis and

extending towards the metaphysis (arrow).

Figure 3. Salter Harris
type Il fracture. Sagittal
MRI T2-weighted image of
left knee (A) demon-
strates a fracture line in-
volving the tibial physis,
extending towards the
metaphyseal region (ar-
rows). On the coronal
plane (B) a tibial physis
widening is observed as
compared with the femur.

Most frequently, acute traumatic inju-
ries in children and adolescents usually
affect the apophyses (Figure 5), because of
their highest fragility; on the other hand, in
adults, myotendinous junctions are prefer-
ably affected.

Overload-related conditions such as
Osgood-Schlatter disease (Figure 6) and
Sever disease frequently occur in young
athletes may be a source of discomfort,
besides causing interruption of physical
activities®.
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Imaging of growth plate injuries

Figure 4. Repetitive stress injury in a female, 14-year-old gymnast. Digital radiograph of wrists (A) demonstrates widening and irregularity of her radius physes,
besides increase in the adjacent bone density. Coronal reconstruction of CT images (B) demonstrates more clearly irregularity of the physeal margins on the
metaphyseal side.

Figure 5. Avulsion of anteroinferior iliac spine in a male, 12-year-old patient. Coronal (A) and transverse (B) MRI T2-weighted images demonstrate an avulsion
bone fragment and fluid interposition. At CT (C) calcification is observed on the reflex head of the femoral rectus (arrow) indicating previous injury of this portion.

FEMORAL HEAD EPIPHYSIOLYSIS

Slipped capital femoral epiphysisisthe
most frequent hip abnormality in adoles-
cents and, in the absence of appropriate
management, may result in chronic pain
and early osteoarthrosis. It is characterized
by the inferior and posterior displacement
of thefemoral head in relation to the meta-
physis®. Thetypical patient is agenerally
overweight adolescent presenting with
claudication, attitude in external rotation of
the affected lower limb, and pain, usualy
in the inguinal region or hip, sometimes
irradiating to the anteromedial portion of
the hip and knee. Evaluation of the con-
tralateral sideisimportant, considering that
bilateral involvement is reported in up to
about 50% of cases®. . .

The clinical diagnosis requires confir- | S
mation by imaging methodsdemonstrating ) o ) ) ) )

Figure 6. Osgood-Schlatter disease. Sagittal MRl DP-weighted (A) and T2-weighted (B) images demon-

d_' Spl a.cement of th_e femoral .heaj epl phy— strating apophyseal avulsion fracture of the anterior tibia tuberosity, additionally to the presence of fluid
sis (Figure 7). Radiography isthe method  and edema in this region.
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for initial evaluation. On the anteroposte-
rior view, theKleinlinecan be drawn aong
the lateral neck of the proximal femur
which, in normal hips, passes through a
portion of the femoral head. The true lat-
eral view of the hip may be useful in cases
of low dlip severity, with predominance of
posterior displacement. CT can be utilized
for determining the degree of displacement,
and MRI, despite its low utility in the di-
agnosis and management of epiphysiolysis,
isuseful in the evaluation of femoral head
chondrolysis or osteonecrosis, both pos-
sible complications®.

INFECTION

In children with less than 18 months of
age, blood vessel s pass through the growth
plate nourishing the epiphysis that is the
most frequent site of infection in this age
group. Above this age, the number of ves-
sels passing through the physis decrease,
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and the metaphysis becomes the most fre-
quent site of infection. The degree of
growth disturbanceisdirectly related to the
area and site of physeal destruction, the
amount of destructed cartilage, and extent
of injury of the chondroepiphyseal vascu-
lar system®9,

Radiography may demonstrate bone al-
terations associated with osteomyelitis
(changes in the bone texture, periosteal
reaction, enlargement of adjacent soft tis-
sues), besides physeal widening. CT can
demonstrate the presence of abscesses,
being particularly useful in the detection of
sequestra, while MRI presents a high sen-
sitivity and specificity for detecting physea
involvement? (Figure 8).

TUMORS

Many benign tumors, such as simple
bone cyst, endochondroma, chondroblast-
oma™, osteoid osteoma, aneurysmal bone

cyst, chondromyxoid fibroma and fibrous
dysplasia may occur near the physis.
Physeal injury may occur because of the
presence of theinjury itself, or during sur-
gical procedures including curettage of
bone graft implantation™®?,

Althoughit wasbelieved that the physis
could act as a natural barrier to malignant
primary bone tumors such as osteosarco-
mas and Ewing’s sarcoma, it has been al-
ready established that itsinvolvement may
occur, affecting the epiphysis and the ad-
jacent joint™. The detection of epiphyseal
and joint involvement is essential in the
surgical planning, considering that, with
the development of neoadjuvant chemo-
therapic drugs, the epiphyseal preservation
resultsin abetter recovery, with consequen-
tial better residual functioning of thelimb®4.

MRI can demonstrate the physeal and
epiphyseal involvement (Figure 9), with
higher specificity and utility on coronal and
sagittal T1-wieghted images. STIR-

Figure 7. Epiphysiolysis. Frontal radiography of right hip (A) demonstrates inferior displacement of the femoral head epiphysis. Coronal reconstruction (B) and
transverse (C) CT images demonstrate inferior and posterior displacement, besides widening and irregularities of the physeal margins.

Figure 8. Sagittal MRI T1-
weighted (A) and T2-weighted
(B) images demonstrating
intraosseous collection with
involvement of the tibial physis.
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weighted sequences demonstrate peritu-
moral edematous alterations and eventual
residual foci of red bone marrow?.

METABOLIC DISEASES

Amongst the metabolic diseasesinvolv-
ing the physis, rickets is the most widely
known. Ricketsis a disease caused by de-
ficiency of, or resistance to vitamin D and
its derivatives. Endochondral ossification,
aprocessinvolving chondrocytes hypertro-
phy and death, cartilaginous matrix miner-
alization, and cartilage invasion by meta-
physeal blood vessels, depends on the nor-
mal metabolism of this vitamin. In cases
where this metabolism is affected, an ab-
normal mineralization of the physea car-
tilage is observed, with persistence of this
cartilage in the metaphyseal region®.

Radiography and MRI findings reflect
the hystopathol ogy of thejunction between
the physeal cartilage and the metaphyseal
bone presentsasaphyseal widening. Asthe
disease progresses, the metaphysis, aswell
as the adjacent epiphyseal margins, be-
comesirregular (Figure 10). Although MRI
is not necessary in the diagnosis and fol-
low-up of rickets, and aiming at avoiding
confusion with other metaepiphyseal bone
diseases, it is important to know the main
features of this disease demonstrated by
this method: physeal widening with high
signal intensity on T2-weighted sequences,
absence of atransitory calcification zone
and similar aterations on the periphery of
the adjacent ossification center®®.

COMPLICATIONS

Growth plateinjury may resultinthe de-
velopment of a (bone or fibrotic) bar. De-
pending on the size and localization, the
growth may become slower or even be ar-
rested, resulting in discrepancies between
the limbs length and angular deformities.
The early diagnosis, localization and the
size of the physeal bar represent relevant
factorsin the prognosis and indication for
surgical management®,

The most frequent cause is related to
epiphyseal fractures, but the physeal bar
may result from infection, iatrogenic le-
sion, tumor invasion, thermal injuries (Fig-
ure 11), among other causes®.
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Figure 9. Coronal MRI T1-weighted (A) and T2-weighted (B) images demonstrating metaphyseal osteosa-
rcoma in the right femur with involvement of the physis and epiphysis.

Radiography can demonstrate the bone
bridgeasfoci of osteocondensation of with
astarry appearance or even bone structures
in the metaphysed interface. Also, radiog-
raphy may raise the suspicion for thiscom-
plication based onindirect findings such as
angular deformitiesand ill-defined physea
lines (Figure 12), unfortunately, relatively
late findings™?.

CT also dlows evaluating the interface
between the metaphysis and epiphysis,
demonstrating the localization and dimen-
sion of the bone bridges. Coronal, sagittal
and 3D reconstructions are quite useful in
the preoperative planning™”. Currently,
MRI is the most sensitive method for its
detection, particularly in the case of
fibrovascularized, still non-ossified tissues
(Figure 13)49),

Figure 11. Sequel from
thermal lesion. Radio-
graphic image demon-
strates the early physeal
closure of the middle pha-
lanx of the fifth finger of
the hand (arrow) addition-
ally to deformity of this
same finger.

Figure 10. Rickets. Radiograph of right wrist dem-
onstrates physeal widening in the distal portions of
radius and ulna, additionally to significant irregu-
larity of metaphyseal margins.
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Figure 12. Radiographic image of right knee (A) demonstrates deformity of the lateral
portion of the femur, and ill-defined physeal lines. Coronal MRI T2-weighted image (B)
confirms the presence of physeal bone bar (circle).

CONCLUSIONS

Amongst the different conditions in-
volving thegrowth plate, traumaticinjuries
resulting in epiphyseal fractures are the
most frequent ones.

The possibility of a determined injury
progressing to complications such as
physeal bone bar devel opment, bone short-
ening or angular deformities depends on
severd factors like patient’s age, localiza-
tion and extent of the physeal injury, and
intensity of the trauma.

Depending on the disease involved, the
different imaging diagnosis methods rep-
resent indispensabletoolsin the evaluation
of these patients, considering their capac-
ity of providing relevant information for an
early diagnosis and appropriate therapy
planning, so reducing the probability of
complications development. Radiography
should betheinitial method for evaluation,
providing relevant diagnostic information
in the mgjority of cases. CT is useful for
evaluating complex fractures and detecting
physeal bone bars. MRI playsasignificant
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Figure 13. Coronal MRI T1-weighted (A) and FFE sequence (B) dem-
onstrate the presence of fibrous physeal bar (circle) with hypointense

signal, besides angular deformity of the radius.

rolein the evaluation of tumor-like lesions
and physeal bone bars.
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