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Abstract.  The correlation between anatomical prepa-  
rations and M R I  images of the most  important  structures 
of newborn hips in coronal and axial orientation was per- 
formed in 18 post mor t em babies. Tl -weighted  images 
present a good differentiation between cartilage, bone, 
ligaments and surrounding soft tissues. Coronal  images 
give the best opportunity to study the clinically important  
structures of the roof  of acetabulum including the labrum 
and the ground of the acetabulum. The latter is shown in a 
more  detailed way by M R I  than by sonography. Axial im- 
ages allow additional examinations of the ventral and dor- 
sal parts of the joint. By using both coronal and axial im- 
ages the exact determinat ion of the centering of the femur 
head in the hip joint is possible. 

ly inwards rotated legs. The knee resonator was used only for the 
hemipelvectomy preparations. Bodies and hemipelvectomy prep- 
arations were positioned as carefully as possible in order to generate 
comparable images. 

We used a Tl-weighted spin-echo sequence (TR=0.6s, 
TE = 22 ms). Matrix 256 2, slice thickness of 3 mm with an interslice 
gap of 1 mm. Four acquisitions were taken. One of the two ortho- 
gonal planes (coronal or axial) was used in each child. 

After the MRI examinations, hemipelvectomy preparations 
were obtained, deep frozen and cut into 4 mm planparallel slices 

Due to the excellent soft tissue contrast, M R I  allows dif- 
ferentiation between bone marrow, cartilage, ligaments, 
fat pads, bursae and intraarticular fluid. M R I  has proven 
itself useful in the examination of joints in a number  of re- 
ports [1-3]. Repor ts  concerning M R  examination of in- 
fants' hips, however, are rare [4, 5]. 

The goal of the present  study was to achieve a direct 
comparison of M R  images and corresponding anatomical 
preparat ions of infants'  hips in order to enable the locali- 
sation and identification of important  structures compos- 
ing and surrounding the hip joint. 

Materials and methods  

The hips of 18post mortem infants aged between 3 weeks to 
5.5 months were studied. The causes of death were not related to any 
kind of joint disorders, and the examinations were performed not 
later than within 40 h post mortem. Eight female and 10 male infants 
were examined. 

MR images were obtained of the intact bodies as well as of the 
subsequent hemipelvectomy preparations in gelatin. We used a 
superconducting magnet with a field strength of 1.5 tesla (Magne- 
tom, Siemens, FRG). According to the size of the examined object 
an appropriate surface coil (head-, spinal-, eye-ear coil and knee res- 
onator) was used. All infants lay on their backs with extended slight- 

Fig.la, b. MR-tomographic images of the infantal pelvis in coronal 
(a) and axial (b) slice orientation (Spin-echo 600/22) 
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Fig.2 a-~ MR images (a) of a 
preparation (b) of an infants hip 
joint in three different coronal 
positions (from ventral to dorsal, 
Spin-echo 600/22). The schematic 
drawing (r explains the most 
important anatomical structures 
(~Tff/~ = bone; [ ]  = hyaline cartilage; 
�9 = fibrous cartilage). For 
numbers see Table I 
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Pig. 3 a-c. MR images (a) of a preparation (b) of an infants hip joint 
in three different axial positions (from cranial to caudal, Spin-echo 
600/22). The schematic drawing (c) demonstrates the most impro- 
tant anatomical structures (y//~ = bone; [ ]  = hyaline cartilage; �9 ~- fi- 
brous cartilage). For numbers see Table 1 

with a bone band saw. The slices were washed, dried and photo- 
graphed as native preparations in black/white and in colour. Struc- 
tures were identified and compared with those of MRI images. 

R e s u l t s  

Coronar slice orientation (Figs. i a, 2) 

The predominat ing structures of the infants'  hip joint are 
the cartilaginous femoral  head and the equally cartilagen- 
ous hip bone socket. The size and the contrast of hyaline 

cartilage to other structures in M R I  lead to easy recogni- 
tion of them in all slice orientations. 

The bordering structures of the femoral  head, as seen 
in coronal slice orientation, are recognized as follows: The 
epiphyseal cartilage towards caudal, the articular capsule 
towards mediocaudal  and lateral and the joint cavity to- 
wards cranial and medial. The cartilaginous greater  and 
lesser t rochanter  as well as the fovea capitis femoris may 
also be demonstra ted in the respective images. 

Three  major  parts of the hip socket can be discerned 
in coronal orientation, the roof  of the acetabulum, the 
acetabular fossa and the triradiate cartilage. The ace- 
tabula fossa is viewed in a longitudinal orientation and 
imposes as a widening of the joint cavity. The contents of 
the acetabular fossa is mostly homogeneous  in MRI.  
Neither  the ligament of the femoral  head nor the appro- 
priate artery or vein can be identified. Only a small in- 
traarticular fat pad (Pulvinar) is clearly delineated on its 
caudal rim. 
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Table 1. A list of the anatomical structures as seen in Figs. 2 and 3 

(1) ilium (14) articular capsule 
(2) pubis (15) zona orbicularis 
(3) ischium 
(4) iliac crest (16) femur, diaphysis 

(17) greater trochanter 
(5) triradiatecartilage (18) lesser trochanter 
(6) osseous protrusion 
(7) cartilaginous protrusion 
(8) labrum 
(9) pulvinar 

(10) femoral head 
(11) bony epiphysis 
(12) fovea capitis femoris 
(13) ligamentum teres 

(19) gluteus maximus muscle 
(20) gluteus medius muscle 
(21) gluteus minimus muscle 
(22) iliacus muscle 
(23) iliopsoas muscle 
(24) pectineus muscle 
(25) obturatorius internus 

muscle 

Depending on the slice position, one of the upper 
branches of the triradiate cartilage is intersected. A wide 
cartilaginous strip is then seen between the ilium bone and 
the pubic bone (ventrally) or the ischium bone (dorsally). 
The lower branch is cut longitudinally and seen in its full 
length. 

Both, the bone and the cartilage structures of the ace- 
tabular roof, are seen best in coronar slice orientation. 
The thickness of the cartilage and its surface features can 
be well evaluated, as the joint cavity is visible in its entire 
length. The lateral portion of the roof of the acetabulum 
consists of the so-called cartilaginous and osseous protru- 
sions. The osseous protrusions can appear either sharp- 
edged or rounded in coronal images, depending on posi- 
tioning. The cartilaginous protrusions always appear 
rounded. The labrum acetabulare is situated, laterally, ad- 
jacent to the cartilaginous protrusion. It forms the circular 
rim of the acetabulum and has a triangular cross-section in 
the images. With the exception of the articular capsule, all 
neighbouring structures are easily differentiated. Both the 
articular capsule and the labrum acetabulare present good 
contrast to all bordering stuctures, both intraarticular and 
extraarticular. The zona orbicularis is not visible in MRI, 
even though it could be seen in anatomic specimens. 

Axial slice orientation (Fig. 3) 

Depending on the degree of anteversion, the femur head 
presents a comma-shaped protrusion in the dorso-lateral 
direction. This is caused by the greater trochanter. The 
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epiphyseal cartilage cannot be seen in the joint images. 
The fovea capitis femoris is recognizable as a dent in the 
ventro-medial edge of the femur head. 

The labrum acetabulare and the ventral and dorsal 
portions of the articular capsule can be evaluated in axial 
orientated images. The two upper branches of the triradi- 
ate cartilage are shown longitudinally in the appropriate 
slice images, the lower branch is seen in its cross-section. 
The acetabular fossa is dishshaped in these images. As in 
the coronar orientation, the ligament of the femur head 
can not be identified in MRI images. 

Discussion 

Conventional radiography is only able to demonstrate the 
osseous portions of the infant's hip. Arthrography allows 
only indirect evaluation of the cartilaginous femoral head 
and acetabulum. CT-images provide spatial, unobstructed 
views of the joint and surrounding soft tissue. Cartilage, 
however, is not directly visible with this technique [6--8]. 
Surrounding tissue offers indirect information concerning 
the joint cartilage. Furthermore, the high radiation dose 
involved with CT examinations limits its use on children 
[91. 

Direct imaging of the cartilaginous structures of joints 
first became possible with the development of ultrasonic 
imaging. But even under optimal examination conditions, 
one cannot determine the complete contour and structure 
of cartilages. Especially the caudal and medial portions of 
the joint are not sufficiently visible. Small structures, such 
as the articular cavity or the ligament of the femoral head 
cannot be evaluated due to the small spacial resolution 
[10-121 . 

MRI represents an important progress in the exami- 
nation of hips. Without applying contrast medium or radi- 
ation, it is possible to achieve high-resolution, multiplanar 
images and a brilliant soft tissue contrast. As proven in the 
present study, MRI allows simultaneously imaging of car- 
tilage, the synovial fluid, the ligaments, the articular cap- 
sule, fat pads, muscle, vessels, subcutaneous fat and skin. 

Preliminary clinical experience demonstrate the good 
visibility of effusion in T2 weighted images (Fig.4a). 
Using fast- sequence images with gradient echo pulse se- 
quences even cartilage-effusion-contrast is enhanced and 
a clear differentiation of the other joint-structures is 

Fig.4. a Four and half years old 
child with successful treated 
congenital dislocation on both 
sides. In T2-weighted Spin-Echo 
image (200/90) clearly evidence of 
effusion (--+) on the right hip. 
b One year old child with mild 
congenital dislocation on both 
sides. Under use of 
Gradient-Echo-Sequence 
FLASH 0.07/10 with an Flip angle 
of 30 with good differentiation of 
all important structures of the hip 
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possible Fig.4b). Furthermore, the examination time is 
remarkably reduced by these fast imaging sequences. 

Coronal slices are valuable, as this orientation delivers 
anatomical images which are known in plain radiography 
and ultrasound. Additional orientations, especially axial 
images increase the examiner's spatial orientation and im- 
prove the diagnostic abilities concerning the ventral and 
dorsal joint regions. 
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