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Summary: A high-resolution three-dimensional Fourier transform technique and prototype bilateral dual phased-array surface
coil technique was used to make inner ear structures visible on
MR. Multiplanar reformatted images, parallel to the plane of the
vestibular aqueduct, allowed viewing of the entire endolymphatic
sac/vestibular aqueduct on one section, producing a “Christmas
tree” shape. The reformation was obtained using a double oblique angle, 45& from true sagittal and 70& from the orbitalmeatal axis.
Index terms: Magnetic resonance, three-dimensional; Temporal
bone, magnetic resonance

Our goal has been to obtain high-resolution
magnetic resonance (MR) images with signalto-noise ratio and spatial resolution adequate to
see the vestibular aqueduct/endolymphatic sac
on one image and to allow better understanding
of the endolymphatic system anatomy and
function. Because the microscopic anatomy of
the endolymphatic sac is complex, threedimensional reconstructions of histologic sections have been helpful in defining the internal
anatomy of the endolymphatic sac (1). Rather
than representing one large confluent cavity,
the endolymphatic sac is composed of multiple
small channels that are interconnected (Fig 1).
The appearance of the outer margins of this
structure and these interconnected channels is
like a sail or a Christmas tree.

Materials and Methods
We used a 3-D Fourier transform technique for highresolution MR imaging (2, 3) of the inner ear structures
using prototype bilateral dual phased-array coils (4) (Fig
2). Axial images were obtained on a 1.5-T imaging unit

(General Electric, Signa, Milwaukee, Wis) using a 3-D
GRASS (gradient recalled acquisition in a steady state)
technique (24/6/1 [repetition time/echo time/excitations],
0.7 mm section thickness, 60 sections). The field of view
was 18 cm with a matrix of 512 3 288 and a 408 flip angle
(2, 3). The acquisition time was 7.5 minutes. Planar reformation images of the 3-D data set could be made in any
plane using the standard reformation software on the imager and a tracker ball for graphic prescription. Images of
the contents of the vestibular aqueduct were reformatted
from the original axial images using multiple complex
oblique angles.
We studied six volunteers, ranging in age from 17 to 47
years, three male and three female. In all subjects fluid
signal intensity within the vestibular aqueduct was seen
bilaterally; however, in two volunteers, the line of signal
intensity was very thin so that detail was limited. On axial
images, the signal within the contents of the aqueduct was
seen only over short segments. It was usually better seen
on the sagittal reformation as well as on the multioblique
reformations.
The ideal imaging plane for parallel reformation of the
contents of the vestibular aqueduct was found by first
selecting a sagittal reformatted image through the vestibular aqueduct (Fig 2B) as a road map image. An oblique
coronal reformation plane with an approximate 708 angle
from the inferior orbital-meatal axis was chosen (5). This
plane is in part parallel to the long axis of both vestibular
aqueducts. Once the high signal intensity within the aqueduct was partially profiled over a long segment (Fig 2C),
the reformation plane was rotated 458 toward the true
sagittal plane, parallel to the posterior margin of the petrous portion of the temporal bone. The double oblique
section intersects the region of the contralateral cavernous
carotid artery. The plane was adjusted with the tracker ball
to display as much of the vestibular aqueduct lumen as
possible. The normal aqueduct lumen then was seen maximally (Fig 2D).
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Fig 1. A, A diagram of the membranous labyrinth and its relationship to the endolymphatic duct and sac as viewed from a posterior
perspective.
B, A diagram of computer reconstructions of histologic sections of a normal human endolymphatic sac. This image is not from MR
imaging. Note that the endolymphatic sac is not a simple structure, but rather is composed of multiple sinusoidal cavities. The general
conformation of the endolymphatic sac is like a sail or Christmas tree (from Schuknecht [1]).

Results
The normal endolymphatic sac has a “Christmas tree” appearance, with the top directed
toward the endolymphatic duct and the base
directed toward the jugular fossa. When the
appropriate reformation is reached, the highsignal-intensity structures within the aqueduct
point toward the common crus.
High signal intensity within the vestibular aqueduct was seen to some extent in all healthy
subjects, but our images did not display the true

sinusoidal nature of the endolymphatic sac as
seen on actual histologic sections. The fluid and
membranes in the vestibular aqueduct were
seen as a fairly homogeneous structure of high
signal intensity on these gradient-echo images,
with signal similar to other fluid-containing
structures such as the cochlea and vestibule. In
general, the signal intensity was homogeneous
with smooth margins, except in one subject who
had bilateral notched defects in the medial aspect of the duct.

Fig 2. A, Axial high-resolution MR image of the left temporal bone, magnified four times. This is the primary image plane of acquisition.
The plane parallel to the endolymphatic sac/vestibular aqueduct (ES) is approximately 458 from the true sagittal plane (dotted white line).
B, Reformatted sagittal image of the left temporal bone from the axial data set. The reformation plane from a coronal position is rotated
approximately 708 to parallel the long axis of the ES (dotted line). This is used as the reference image for the first oblique coronal reformation.
C, The 708 coronal oblique MR image of the left temporal bone oriented from the sagittal reference in B.
D, This double oblique MR image is obtained by rotating the reformation plane parallel to the major axis of the left temporal bone.
Starting from the position in C, the reformation plane is rotated approximately 458 parallel to the dotted line seen on A. After combining
the sagittal and oblique angles, this is the “Christmas tree” appearance of the ES. Note that the ES has smooth straight margins and that
the ES points towards the common crus. The stripes in the ES are most likely artifacts related to the reformation process.
Labeled structures include endolymphatic sac/vestibular aqueduct contents (es), posterior semicircular canal (psc), cochlea (c),
facial nerve (fn), vestibule (v), superiorsemicircular canal (ssc), endolymphatic duct (ed), jugular fossa (jf), common crus (cc), and
internal auditory canal (iac).

AJNR: 16, August 1995

‘CHRISTMAS TREE’

1527

Discussion
The inner ear is composed of the membranous labyrinth surrounded by the outer bony
labyrinth. The membranous labyrinth is composed of fine membranes and fluid spaces. The
endolymphatic system is a closed system and is
continuous through the cochlea, the vestibule,
and the semicircular canals. All of these structures eventually communicate with the endolymphatic duct and endolymphatic sac.
Three-dimensional MR images of the inner
ear have been shown to be helpful in depicting
this complex anatomy (6). With 2-D multiplanar reformatting techniques, we are able to display much of the vestibular aqueduct and its
contents in one image plane. Previously reported techniques have used an external processing computer and stereoscopic acquisitions
(6). The advantage of our method is that reconstructions can be obtained from the routine
high-resolution examination with standard software.
The anatomy of the vestibular aqueduct and
its contents is difficult to evaluate, because the
routine orthogonal image section planes display
only small portions of the aqueduct. If the lumen
of the aqueduct is visible on a single image, this
may more accurately define its structure and
allow for quantitative evaluation such as measurement of the area of the fluid-filled aqueduct,
contour, and homogeneity. Subtle deformities
of the contents of the vestibular aqueduct may
be more obvious. Such quantitative studies may
be important because the endolymphatic sac is
thought to play a role in homeostasis of the
inner ear (7). For example, Meniere disease
may have more than one cause, but pathologically presents with cochlear and usually saccular hydrops. The endolymphatic space expands
into the perilymphatic space with dilatation and
herniation of Reissner’s membrane occurring in
many cases (8).
Computed tomography can show enlargement of the vestibular aqueducts, for instance,
in the large vestibular aqueduct syndrome (9),
but it is insensitive to subtle changes in the
membranous labyrinth itself. In the large vestibular aqueduct syndrome, the primary pathophysiology may in fact be related to bone
dysplasia with secondary enlargement of the
endolymphatic structures. Although enlargement of the vestibular aqueduct and of the fluid
contents of the aqueduct as seen on MR have
been reported previously (10, 11), it remains to
be seen whether obliteration of the endolymphatic sac can occur within a bone vestibular

aqueduct of normal size. If the sac is obliterated
long before there are comparable bone changes
in the vestibular aqueduct, MR with visibility of
the lumen of the aqueduct offers a theoretic
advantage over high-resolution computed tomography. MR has shown loss of normal fluid
within the posterior semicircular canal in a patient with Cogan syndrome and normal highresolution computed tomography findings (11).
The imaging findings we have presented are
very similar to the anatomic configuration of the
endolymphatic sac as seen on computer reconstruction of histologic sections of the inner ear
(Fig 1); however, the spatial resolution still is
insufficient to distinguish the true sinusoidal nature of the duct or to confirm whether in fact all
of the high signal intensity seen within the vestibular aqueduct represents the endolymphatic
sac and its contents. Further improvement in
spatial resolution would be required for a more
detailed depiction of the vestibular aqueduct
and for delineating the endolymphatic sac
structures; however, with the current MR techniques, spatial resolution is limited by the available signal-to-noise ratio.
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