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Abstract. Magnet ic  resonance imaging (MRI) permits 
noninvasive evaluation o f  the cartilage o f  the growth 
plate and epiphysis. This paper reports three cases where 
MRI  was used to supplement conventional radiography 
in the assessment o f  acute physeal  injuries. In the first 
patient, MRI  was used for postoperative assessment of  a 
radial neck fracture, avoiding further surgical explora- 
tion. In the second case, MRI  was compared  with ultra- 
sonography in the diagnosis o f  proximal humeral 
epiphyseal separation in a neonate. In the third case, 
MRI  and computed  tomography were compared  in eval- 
uation o f  a Salter-Harris type 4 distal femur  fracture. In 
all cases MRI  was diagnostic. MRI  is the investigation 
o f  choice in acute complex  physeal  injuries, and is par- 
ticularly appropriate for use prior to the appearance of  
the secondary ossification center. 
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The diagnosis of physeal injuries is restricted by our in- 
ability to directly visualize the cartilage o f  the growth 
plate and epiphysis with conventional radiography. In 
most  cases detection of  a fracture is possible due to dis- 
placement  o f  the secondary ossification center and wid- 
ening of  the growth plate [1]. In young  children prior to 
development  o f  the ossification center, and in joints with 
multiple centers o f  ossification, such as the elbow, inter- 
pretation o f  plain films can be difficult. The normal 
magnetic  resonance imaging (MRI) appearances o f  the 
physis and epiphysis have been described [2], and MRI  
has been used to assess the development  o f  bone bridges 
across the physis fol lowing fractures [3-5].  There have 
been isolated descriptions o f  the use of  MRI  in acute 
physeal  injuries [6, 7]. We have used MRI  to assess a 

Correspondence to: Dr L. Friedman, Department of Radiology, 
McMaster University Medical Centre, 1200 Main St. West, 
Hamilton, Ontario L8N 3Z5, Canada 

small group of  patients in whom direct visualization o f  
the cartilage o f  the physis and epiphysis  was desirable. 
Our findings are illustrated in the form o f  three case re- 
ports. All MRI  studies were performed on a 1.5-T unit 
(Signa, General Electric, Milwaukee, Wis.), using either 
a 3-in surface coil (patients 1, 2) or a knee coil (patient 
3). 

Case reports 

Case 1 

A 4-year-old boy injured his left elbow and wrist in a fall from a 
tree. Radiographs showed a fractured olecranon and a fracture of 
the radial neck (Fig. I), with 45 ° lateral angulation of the neck 
and some posterolateral displacement. The radial head was unos- 
sifted. There were also greenstick fractures of the distal radius and 
ulna. 

Closed reduction of the fractures was performed under flu- 
oroscopic control and partial reduction of the radial neck fracture 
was obtained. In-cast postoperative films (Fig. 2) showed little 
change in alignment of the radial neck, but precise assessment 
was difficult. 

Rather than proceeding to open exploration, an MRI scan was 
performed on the day following reduction. The patient was sedat- 
ed and the following sequences obtained: sagittal and coronal TI- 
weighted spin-echo 500/18 (TR/TE), sagittal and coronal T2*- 
weighted gradient-echo 33.5/5/20 ° (TR/TE/flip angle), coronal 
proton-density and T2-weighted fast spin-echo 2000/40 and 
4000/110 (effective TR/TE) respectively. Coronal images (Fig. 
3A) showed 30 ° residual lateral angulation of the radial neck and 
epiphysis. Sagittal images (Fig. 3B) showed good alignment of 
the radiocapitellar line. These findings were considered to indicate 
an adequate reduction in a child of this age. 

Follow-up films of the elbow 3 months after the injury showed 
remodelling of the radial neck (Fig. 4). Five months after the inju- 
ry the patient had a full range of flexion and extension, and supi- 
nation/pronation was reduced by 20 ° 

Case 2 

The patient, a female neonate, was one of twins and had been de- 
livered in the breech position. Following delivery swelling and de- 
formity of the left shoulder was noted. 

Radiographs of the shoulder (Fig. 5) taken 1 week after deliv- 
ery showed superior and anteromedial displacement of the humer- 
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Fig. 1. Case 1. Radiograph of left 
elbow showing olecranon fracture and 
radial neck fracture with 45 ° lateral 
angulation. The radial head is 
unossified 

Fig. 2. In-cast postoperative 
appearance 

Fig. 3A, B. Proton-density fast spin- 
echo (2000/40) magnetic resonance 
(MR) images. A Coronal image 
showing 30 ° lateral angulation of the 
cartilaginous radial head. B Sagittal 
image showing good radiocapitellar 
alignment 

Fig. 4. Appearance 3 months after 
injury 

Fig. 5A, B. Case 2. Radiographs of 
left humerus 1 week after delivery 
show superior displacement of 
humerus, callus around the upper 
shaft of the humerus, and no visible 
ossification of the humeral head 

Fig. 6. Transverse ultrasound image 
of the left shoulder showing normal 
congruity of the humeral head and 
glenoid (arrowheads) 

Fig. 7A, B. T2* gradient-echo 
(600/15/20 °) MR images. A Axial 
images showing normal congruity of 
the humeral head and glenoid. B 
Sagittal images showing the position 
of the humeral head in relation to the 
humeral shaft 

Fig. 8. Appearance 4 weeks after 
delivery, with remodelling of the 
humerus and development of the 
ossification center of the humeral 
head 



P.G. White et al.: MRI in acute physeal injuries 629 

Fig. 9. Case 3. Radiographs of the right knee showing fracture of 
the lateral distal femoral metaphysis (arrow), an uneven contour 
of the lateral condyle, and intra-articular air 

Fig. 10A, B. CT images showing A fracture of the lateral femoral 
condyle with a displaced fragment (arrow) and B an undisplaced 
fragment at the inferior aspect of the fracture (arrows) 

Fig. 11 A-C. MRI appearances. A Tl-weighted (16/500) coronal 
image shows low signal change in the lateral femoral condyle but 

al shaft relative to the glenoid, and callus adjacent to the upper 
humerus. This injury was considered to be a Salter-Harris type 1 
fracture of the proximal humeral epiphysis. 

As the ossification center of the humeral head was not visible, 
ultrasonography of the shoulder was performed (Fig. 6). Normal 
location of the humeral head was confirmed, but the orientation of 
the head and its relationship to the shaft was difficult to assess. An 
MRI scan was performed 2 weeks after the injury (5 days after ul- 

the fracture line is not defined. Lateral meniscal tear (arrow). B 
3D gradient-echo (15/35/35 °) coronal image showing the fracture 
line crossing bony epiphysis (arrows). C 3D gradient-echo 
(15/35/35 °) shows the fracture line crossing cartilage as a low 
signal linear band (arrows) 

Fig. 12. Postoperative radiograph showing screw fixation of the 
epiphyseal and metaphyseal fractures 

trasonography). Sagittal, axial, and coronal T2* gradient-echo 
600/15/20 ° (TR/TE/flip angle) sequences were obtained; sedation 
was not required. Axial images at the level of the glenoid (Fig. 
7A) showed normal location and orientation of the humeral head, 
and sagittal images (Fig. 7B) showed the degree of displacement 
of the shaft. 

Follow-up radiographs 4 weeks following delivery (Fig. 8) 
showed development of the ossification center for the head of the 
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humerus, remodelling of the proximal humerus, and some an- 
gulation of the shaft. 

Case 3 

A 9-year-old boy was struck by a motor vehicle while cycling and 
sustained multiple injuries. Radiographs of the right knee (Fig. 9) 
revealed a fracture of the lateral aspect of the distal femoral meta- 
physis, an uneven contour of the lateral femoral condyle, and in- 
tra-articular air. 

Computed tomography (CT) of the knee, performed with 5- 
mm axial sections, showed fracture through the lateral condyle 
with a small displaced fragment (Fig. 10A) and a larger undis- 
placed fragment at the inferior aspect of the fracture (Fig. 10B). 

An MRI scan was performed 3 days after the fracture (without 
sedation), and the following sequences were obtained: sagittal and 
coronal Tl-weighted spin-echo 500/16 (TR/TE), and 3D acquisi- 
tion T2*-weighted gradient-echo 35/15/35 ° (YR/TE/flip angle). 
Tl-weighted images (Fig. 1 I A) showed an extensive area of low 
signal intensity in the lateral femoral condyle and adjacent meta- 
physis, and a tear of the medial meniscus. The fracture line was 
not visible on Tl-weighted images. T2* gradient-echo images 
(Fig. 11B, C) showed a linear band of low signal intensity where 
the fracture crossed the cartilage of the physis and epiphysis, and 
the fracture was visible as a bright line disrupting the osseous 
metaphysis and epiphysis. MRI did not distinguish the bony frag- 
ments identified on CT from the adjacent chondral fracture, both 
appearing as areas of low signal intensity. 

The patient underwent open reduction with internal fixation of 
the epiphyseal and metaphyseal fractures (Fig. 12). Inspection of 
the joint surface confirmed the step in the articular cartilage iden- 
tified on MRI. 

Discussion 

The growth mechanism is a complex structure, consist- 
ing of the physis, epiphysis, metaphysis, and periphysis 
[8, 9]. This important structure is susceptible to a variety 
of injuries, which have been classified on the basis of ra- 
diographic appearances [10, 11]. The physis is involved 
in approximately 15% of  childhood fractures, and the di- 
agnosis and management of these injuries and their com- 
plications remain a challenge to clinicians [12, 13]. 

Conventional radiography provides adequate informa- 
tion in the majority of cases, but other modalities may be 
necessary to evaluate the cartilage and soft tissues. Ar- 
thrography can be useful in the acute situation, but is in- 
vasive and difficult to perform in the presence of a hem- 
arthrosis [1]. References to the use of ultrasound in this 
context are scant [14-17], despite the advantages of this 
readily available, noninvasive, and inexpensive tech- 
nique. The disadvantages of ultrasound include the diffi- 
culty of obtaining a suitable "window" in some trauma 
cases, and the operator-dependent nature of this modali- 
ty. MRI provides a noninvasive means of directly visual- 
izing the structures of the growth mechanism and adja- 
cent joint in multiple planes. The disadvantages of MRI 
are its expense, limited availability, the necessity for se- 
dation of younger children, and possible susceptibility 
artefacts in patients with internal fixation. Therefore the 
role of MRI is restricted to special situations where the 
benefits outweigh these disadvantages. The indications 
for MRI varied in the cases reported in this paper, and 
will be considered individually. 

In case 1, MRI was used to visualize the unossified 
radial head following closed reduction of a radial neck 
fracture. Although this is an injury to the metaphysis 
rather than a true physeal fracture, damage to the growth 
mechanism, leading to premature fusion of the epiphy- 
sis, is frequently seen [18]. Prognosis is related to the 
degree of displacement and angulation of the radial head 
[18, 19]. Open reduction may be necessary in severe 
cases or when closed reduction is unsuccessful, but is as- 
sociated with a poor outcome [18]. In this patient, ar- 
thrography was not possible at the time of manipulation 
because of  excessive soft tissue swelling, and ultrasound 
could not be performed postoperatively due to lack of  a 
suitable "window". MRI allowed precise delineation of 
the radial head, and further surgical intervention was 
avoided as the degree of angulation was compatible with 
a satisfactory outcome [20]. 

In case 2, both ultrasound and MRI were used to 
identify the position of the proximal humeral epiphysis 
following birth injury to the shoulder. A Salter-Harris 
type 1 fracture is typical of  this injury [21, 22], but is 
difficult to confirm as the epiphyseal ossification center 
is not visible in 80% of neonates [23]. The prognosis is 
excellent due to the capacity of the upper humerus for 
remodelling [24], and although humerus varus has been 
described, the functional outcome was good [25]. In this 
case both modalities were successful in excluding frac- 
ture-dislocation, and although MRI provided more infor- 
mation on the orientation of the epiphysis and humeral 
shaft, this did not alter management. The main value of 
MRI was increased diagnostic confidence, as few sonog- 
raphers are experienced in the assessment of this unusual 
injury. 

In case 3, both CT and MRI were used to  characterize 
a fracture involving the distal femoral physis. CT pro- 
vided optimal visualization of the bony fragments, 
whereas MRI showed significant chondral and meniscal 
injury; in this respect the two modalities were comple- 
mentary. Identification of  the epiphyseal fracture facili- 
tated appropriate surgical management in this case, with 
open reduction [26]. 

We have used a variety of MRI sequences in the 
imaging of acute physeal injuries. Tl-weighted sequenc- 
es provide good anatomical detail and show low signal 
change in the osseous structures due to edema and hem- 
orrhage, but do not clearly show the fracture line or the 
chondral injury. Low-flip-angle gradient-echo sequences 
allow detection of the fracture line through both bony 
and cartilaginous structures. The cartilage injury is seen 
as a linear band of low signal intensity against the back- 
ground bright signal of the normal epiphyseal and articu- 
lar cartilage. This appearance is consistent with a previ- 
ous report on acute physeal injury in rabbits [5]. The 
3D-acquisition gradient-echo technique used in the third 
case is particularly useful, allowing high-resolution re- 
construction images to be obtained. The disadvantage of 
low-flip-angle gradient-echo images is the poor contrast 
between cartilage and joint fluid, as both have a high 
signal intensity. We have used proton-density and T2- 
weighted fast spin-echo in only one case (case 1), but 
these sequences appear to provide good anatomical de- 
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tail  and good  contras t  be tween  osseous  and car t i laginous  
structures and be tween  car t i lage  and jo in t  fluid.  

In conclus ion,  MRI  imaging  may  be ind ica ted  in 
cases  o f  suspected  physea l  injury where  the ep iphysea l  
oss i f ica t ion center  is not v is ib le  on convent ional  radio-  
graphs.  Ul t rasound  should  be cons ide red  as a less expen-  
sive al ternat ive.  M R I  m a y  be appropr ia te  in evaluat ion  
o f  the p rox ima l  and distal  humera l  ep iphyses ,  p rox ima l  
radius,  and p rox ima l  femora l  and distal  t ibial  injuries.  
M R I  is l ike ly  to be sensi t ive in d iagnos is  o f  the meta-  
physea l  and ep iphysea l  injuries  seen in nonacc iden ta l  in- 
jury,  a l though we  have not  used it in this si tuation.  M R I  
is also helpful  in o lde r  chi ldren with suspected  chondro-  
osseous  injuries ,  but  does  not  d is t inguish  be tween  cart i-  
lage damage  and adjacent  small  bony  f ragments .  
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