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PURPOSE: To determine the feasibility of performing rapid, high-resolution, low-radiation-dose 
spiral CT scans of the temporal bone in unsedated pediatric patients. METHODS: Axial spiral CT 
examinations with an effective section thickness of 1.25 mm were performed in 41 infants and 
children. Multiplanar reconstructions were generated using 360° and 180° linear interpolation 
algorithms. Three-dimensional reconstructions of the middle ear were also performed. RESULTS: 
Complete axial spiral scans were performed without sedation in all patients. Three hundred sixty
degree linear interpolation images had comparable resolution to conventional CT; 180° linear 
interpolation images with an effective section thickness of 1.0 mm at 0.2-mm intervals showed 
good detail of middle and inner ear anatomy, and multiplanar reconstructions from this algorithm 
were comparable to direct scans. Three-dimensional reconstructions clearly displayed the oval 
window, malleus, and incus. CONCLUSION: Spiral CT is a clinically feasible method for rapidly 
evaluating the temporal bone in pediatric patients, eliminating the need for sedation. The images 
obtained from this technique are comparable to conventional CT. High-quality multiplanar 
reconstructions can be generated from the spiral data set, providing an alternative to direct scans 
in multiple planes. Additionally, three-dimensional images of internal temporal bone anatomy can 
be generated from the spiral data. 

Index terms: Computed tomography, in infants and children; Computed tomography, technique; 
Temporal bone, computed tomography; Pediatric neuroradiology 
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High-resolution, multisection computed to
mography (CT) has become the standard for 
temporal bone imaging ( 1 ). This conventional CT 
technique delivers a relatively high dose of radia
tion to the lens, particularly when scans are 
performed in multiple planes (2). In addition, 
sedation, which is required to eliminate motion in 
pediatric patients, has inherent morbidity and 
mortality. 

The spiral CT technique is a rapid means of 
acquiring CT data and has proved effective in 
reducing problems associated with patient mo
tion. In this study we aim to determine the feasi
bility of performing rapid, high-resolution, low-
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radiation spiral CT scans of the temporal bone in 
unsedated children. We compared the resolution 
of these scans and two-dimensional (2D) multi
planar reconstructions from spiral data with those 
acquired by conventional CT techniques. The 
capability of three-dimensional (3D) reconstruc
tions to display the middle and inner ear is also 
evaluated. 

Materials and Methods 

The temporal bones were examined by the spiral CT 
technique in 41 infants and children (24 boys and 17 girls) 
with known or suspected temporal bone abnormalities. 
Fifteen had infections involving the middle ear; 12 were 
evaluated for a cochlear implant; six had congenital abnor
malities; six were evaluated for trauma; and two had 
metastatic disease. The ages of the patients ranged from 3 
months to 10 years. Eleven patients were younger than 2 
years old ; 13 were between 2 and 5 years old; and 17 were 
between the ages of 5 and 10 years. 

All patients were evaluated between February 1, 1992, 
and October 31, 1992. Examinations were performed with
out sedation using the same Siemens Somatom Plus S 
scanner (Siemens Medical Systems, Iselin, NJ). For younger 
patients (generally younger than 2 years of age) , a parent 
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Fig. 1. Comparison of direct axial scans 
showing the head of the malleus (white ar
rowhead), short process of the incus (white 
arrow), and labyrinthine portion of the facial 
nerve canal (black arrowhead). 

A , Spiral technique (1.25-mm effective 
section thickness). 

8 , Conventional technique ( 1-mm section 
thickness). Only a minimal loss of sharpness 
of the bone margins is seen with the spiral 
technique. 

A 

remained with the child during the scan to help immobilize 
the child's head. Standard scan parameters included a table 
speed of 1 mm/ second for 30 seconds, 165 rnA (4.95 A) , 
and a high-resolution bone algorithm. In all patients, scans 
were acquired routinely in the axial plane with an effective 
section thickness of 1.25 mm. Using the original spiral CT 
data, coronal and sagittal reconstructions (contiguous 1.25-
mm-thick sections) were generated for all patients. These 
reconstructions routinely were made using contiguous axial 
sections generated with a 360° linear interpolation algo
rithm. Additionally , submillimeter section images were con
structed from the original spiral data using a 180° linear 
interpolation algorithm in 12 patients. The submillimeter 
images each have an effective section thickness of 1.0 
mm. Contiguous images overlapped by 0 .2 mm. 

Conventional CT scans in the axial or coronal planes 
were performed in 12 patients for comparison with the 
spiral images. The conventional scans were performed 
using contiguous 1-mm sections at 220 rnA and a high
resolution bone algorithm. In eight patients, direct coronal 
spiral examinations were done using the same parameters 
as described for the axial spiral scans. Data from the direct 
coronal spiral scans were reconstructed using both the 
360° (1.25-mm effective section thickness) and 180° (1.0-
mm effective section thickness with 0.2-mm image over
lap) linear interpolation algorithms for comparison with the 
reconstructed coronal images from axial spiral data. 

In six patients, 3D reconstructions from the original 
spiral projection data , tailored to display the ossicles and 
oval window, were performed. These reconstructions were 
generated using the standard surface-rendering 3D pro
gram available on the Somatom Plus S. A threshold value 
of 180 HU was empirically selected to optimize the osseus 
structures, and the appearance of depth was controlled by 
varying the direction of lighting on the image. The region 
of interest for the 3D images was selected from the non
reconstructed scans using the boundaries described by 
Howard et al (3). Using interactive controls, bone was then 
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successively cut away from the original 3D surface render
ing until the ossicles and oval window were identified. The 
image was rotated about the x, y, and z axes to display 
best the middle-ear structures. Approximately 5 minutes 
were typically required to generate these 3D images. Ad
ditionally, 3D images using the submillimeter data from 
spiral scans were generated in two patients. 

Results 

Complete axial evaluations of the temporal 
bone were successfully performed in all 41 pa
tients. This included seven patients with whom 
parents were present to hold the head and elimi
nate motion. Apart from a minimal loss of sharp
ness of the ossicular margins, the direct spiral 
axial and coronal images using 360° linear inter
polation (1.25-mm effective section thickness) 
were subjectively judged to be comparable to the 
conventional single-section CT images. The 
round and oval windows, ossicles, and facial 
nerve canals could be readily identified on all of 
the spiral examinations (Figs 1 and 2). All perti
nent anatomy and disease demonstrated on the 
conventional scans were also clearly seen on the 
spiral images. These findings included opacities 
in the mastoids and middle ear, as well as bone 
destruction from a rhabdomyosarcoma (Fig 3). 
Submillimeter axial reconstructions with 180° lin
ear interpolation (effective section thickness of 
1.0 mm with 0.2-mm image overlap) provided 
detailed images of the temporal bone internal 
anatomy (Fig 4). 

The 1.25-mm section thickness coronal recon
structions from axial spiral data showed some 
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loss of overall bone detail relative to conventional 
coronal scans. However, the ossicles, oval win
dow, and second portion of the facial nerve canal 
were consistently identified. The sagittal recon
structions demonstrated the third part of the 
facial nerve canal, and gross ossicular relation
ships. Overall, a more prominent loss of anatomic 
detail was noted in sagittal reconstructions using 
the current algorithm. The resolution of the cor
onal and sagittal reconstructions using 180° linear 
interpolation was subjectively superior to the 
360° algorithm and was comparable to direct 
scans (Fig 5). 

Three-dimensional reconstructions in six pa
tients always clearly displayed the oval window, 

Fig. 3. Spiral direct coronal scan (1.25-mm effective section 
thickness) showing soft tissue in the middle ear from a rhabdo
myosarcoma. Bone destruction from this malignancy is present 
(white arrowhead). Also noted is the second turn of the cochlea 
(large black arrowhead) and the tympanic portion of the facial 
nerve canal (small black arrowhead). 
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Fig. 2. Comparison of direct coronal 
scans displaying the head of the malleus 
(white arrowhead), body of the incus (white 
arrow), and labyrinthine portion of the facial 
nerve canal (black arrowhead). 

A, Spiral technique (1 .25-mm effective 
section thickness). 

8, Conventional technique (1-mm section 
thickness). The resolution is comparable be
tween the two techniques. 

malleus, and incus. Because of the restrictive 
thresholding algorithm employed in the 3D pro
gram, the entire stapes could not be demon
strated on a single image (Fig 6). Similarly, the 
margins of the ossicles and associated bones in 
the middle ear showed some loss of continuity. 
The bone detail and thresholding restrictions of 
the 3D reconstructions from submillimeter data 
were similar to those found using 1-mm sections. 

Discussion 

In the pediatric population, sedation is often 
required to complete conventional CT imaging of 
the temporal bone without patient motion. Our 
study shows the feasibility of performing spiral 
CT in all patients without sedation, irrespective 
of age. This study also used a lower x-ray tech
nique (in milliamperes) than that used for conven
tional CT scans of the temporal bone, allowing a 
reduction in the radiation dosage. Previous stud
ies have quantitatively and qualitatively demon
strated an increase in image noise with a lower
milliampere scan (4, 5). This is most notable in 
distinguishing small differences in soft-tissue at
tenuation. However, the diagnostic utility of CT 
scans is maintained until less than 40 rnA are 
used (4, 5). Similar to prior studies involving low
dose CT of the paranasal sinuses, the presence 
of soft tissue is most often the pertinent finding 
in the temporal bone (4). Further characterization 
of these soft-tissue lesions based on subtle atten
uation differences is seldom necessary to define 
temporal bone pathology. 
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Fig. 4. Submillimeter (1 .0-mm effective section thickness) ax
ial image of the malleus (white arrowhead) and incus (white 
arrow) with spiral technique. The jugular fossa is also noted (black 
arrowhead). 

Overall, the resolution of the spiral scans is 
subjectively comparable to conventional scans, 
and all pathologic lesions detected by conven
tional CT were demonstrated by spiral CT. How
ever, direct visual comparisons of conventional 
images with the standard 360° linear-interpolation 
spiral images show diminished z-axis resolution 
for the spiral technique. The spiral CT technique 
collects data in a continuous fashion, rather than 
in discrete blocks as with conventional CT. Axial 
reconstructions made from the full 360° spiral 
inherently have broadening of the section sensi
tivity profile along the z axis (6-8). In this study, 
the table increment speed of 1 mm/ second gen
erates a theoretical section thickness of 1.00 mm; 
however, an effective section thickness of 1.25 
mm results from 360° linear interpolation. The 
thicker slices may account for the diminished z
axis resolution of the 360° interpolation relative 
to conventional CT. 

Because data are acquired continuously with 
spiral CT, images can be reconstructed using part 
of the 360° spiral. One hundred eighty-degree 
linear interpolation uses a subset of the full spiral 

Fig. 5. Submillimeter (1.0-mm effective 
section thickness) reconstructions (malleus 
= white arrowhead, incus = white arrow, 
and labyrinthine portion of the facial nerve 
canal = black arrowhead) from axial spiral 
data. A , Coronal. 8, Sagittal. 
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to create images with an effective section thick
ness of less than 1.25 mm (8). In this study, 
sections with an effective thickness of 1.0 mm 
were generated from 180° linear interpolation; 
the images from this algorithm overlapped by 0.2 
mm, as opposed to the contiguous 1-mm images 
from conventional scanning. As we demon
strated, these image features subjectively im
prove the resolution of the ossicles and other 
details of temporal bone anatomy. Compared 
with conventional CT, 180° linear-interpolation 
increases noise by a factor of 1.12 (8); however, 
this was not visible in our comparison of images. 
Although further experience is necessary to eval
uate this technique fully, our initial work shows 
the 180° linear-interpolation images to be a highly 
promising method for assessing subtle middle
and inner-ear abnormalities. 

Previous authors have discussed the value of 
direct multiplanar conventional CT in temporal 
bone imaging (9). The superior resolution of direct 
images versus multiplanar reconstructions has 
been emphasized. However, additional scanning 
planes increase the examination time and total 
radiation dose. Because of these problems, Lee 
et al (10) advocated the use of low-milliampere, 
high-resolution conventional axial images with 
multiplanar reconstructions. This latter technique 
demonstrated disease excellently. Our current 
work with low-radiation-dose spiral CT also dem
onstrates the effectiveness of multiplanar recon
structions in demonstrating disease while mini
mizing radiation exposure. The coronal recon
structions (360° linear interpolation) from axial 
spiral data are not as detailed as direct scans, but 
all the pertinent internal-ear anatomy and disease 
were delineated. When 180° linear interpolation 
is used, the image sections overlap by 0.2 mm; 
multiplanar reconstructions from this technique 
have significantly increased resolution and are 
comparable to the direct coronal examinations. 
We believe that multiplanar reconstructions using 
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Fig. 6. Three-dimensional reconstruction of the ossicles from 
1-mm axial spiral data. The malleus (black arrowhead) and incus 
(black arrow) are clearly demonstrated, but discontinuity of the 
bone margins is noted. 

submillimeter axial data provide an alternative to 
direct scans in coronal and sagittal planes. As a 
result, direct multiplanar scanning can be 
avoided, and the overall radiation dosage to the 
lens is decreased. 

Three-dimensional reconstructions have been 
used for temporal bone-surface anatomy (3). Pro
grams for such reconstructions have been re
cently reviewed (11). These 3D renderings have 
been generated from conventional single-section 
CT scans. Because of the delay after each con
ventional scan, patient motion can occur between 
contiguous sections. Such motion causes misre
gistration between adjacent sections, degrading 
the spatial relationships and detail of the 3D 
reconstructions; this would be a significant limi
tation in unsedated pediatric patients. Spiral CT 
limits the potential for patient motion because of 
the reduced scanning time. The spiral CT tech
nique also provides continuous data points rather 
than separate contiguous sections as with con
ventional CT. As a result, 3D reconstructions 
from the spiral data more accurately reflect the 
actual temporal bone anatomy. Our work con
firms that high-quality 3D images of temporal 
bone internal anatomy can be constructed from 
spiral CT data. 

In this study, we used a surface-rendering 3D 
program that employs a user-selected threshold 
value for image reconstruction. Our threshold 
value of 180 HU was empirically selected to depict 
optimally the osseous structures, particularly the 
ossicles. This value is comparable to that de
scribed by Howard et al (3). Three-dimensional 
images of middle-ear structures have problems 
similar to those reported for 3D reconstructions 
of temporal bone surface anatomy. Thin bones, 
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such as the ossicles, are volume averaged with 
the adjacent soft tissues; the resultant pixel has 
a CT number that is less than the threshold value 
(9). Such pixels are discarded from the 3D recon
struction, creating bone depletion artifacts. Be
cause the original data set remains constant, 
these artifacts are present with both the 180° and 
360° interpolations. Increasing the threshold 
value worsens this loss of pixels. Conversely, a 
decrease in threshold allows excessive soft tissue 
and noise to be included along with the bone, 
thus reducing bone detail. In our work , such 
artifacts cause an incomplete representation of 
the stapes. 

For the middle and inner ear, 3D imaging is 
most useful in globally depicting the interrelation
ships of the ossicles and oval window. A similar 
role has been ascribed to 3D imaging of other 
osseous structures (12-15). Although we did not 
encounter any cases of ossicular disruption in our 
series, 3D imaging in this setting is potentially 
useful in surgical planning. However, 3D imaging 
of the middle and inner ear structures remains 
complementary to the standard 2D renditions. 

In summary, we have demonstrated that the 
spiral CT technique is an effective method for 
evaluating the temporal bone in pediatric pa
tients. Because the scans are completed in 30 
seconds, sedation is not needed even in very 
young patients. The spiral scans, both direct axial 
and coronal, are comparable in resolution to con
ventional CT techniques. From this same spiral 
data, high-quality multiplanar and 3D reconstruc
tions can be obtained. 
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