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SUMMARY

This dissertation describes the development and 
application of dedicated high-resolution com
puted tomography (CT) techniques for the 
radiological investigation of the temporal bone 
and orbit.

The evolution of CT since 1972 is described in 
terms of the developments in scanning geometry 
(scanner generation), data acquisition, and the 
reconstruction, display and photography of the 
resulting images (Chapter 1).

With the basic prerequisites of CT imaging in 
mind, it is possible to investigate the trade-off 
possibilities that can provide a good image quality 
under realistic and practical circumstances when 
submillimeter details in the temporal bone and 
orbit are to be imaged (Chapter 2).

The basis for this dissertation is the combina
tion of the best set of high-resolution CT scanning 
parameters, on the one hand, and the technique 
of scanning perpendicular to the tissue interface, 
or parallel to an elongated anatomical structure 
(direct multiplanar CT technique) on the other.

Although this technique yields better visualiza
tion of a number of anatomical details, the prob

lem remains that the radiologist is as yet unfamil
iar with these alternative cross-sectional planes. 
For this reason, a technique for cryosectioning 
fresh frozen specimens was selected and im
proved to create cross-sectional images that can 
be correlated with the direct multiplanar CT scans 
(Chapter 3).

The selection of special scan planes, the posi
tioning, preparation and examination of the pa
tient, and the CT and correlative anatomy are 
discussed separately for the temporal bone 
(Chapter 4) and the orbit (Chapter 6).

Additionally, a few clinical applications are 
discussed. The value of the high-resolution CT 
technique in the temporal bone is demonstrated 
in the case of labyrinthine otospongiosis and in 
the visualization of the vestibular aqueduct in 
Ménière’s disease (Chapter 5).

In the orbit, the value of high-resolution CT is 
demonstrated in the establishment of the rela
tionship between space-occupying lesions and the 
optic nerve, and in the management of fractures 
of the orbital floor (Chapter 7).



GENERAL INTRODUCTION

Early radiographic examinations of the temporal 
bone included radiography and pluridirectional 
tomography. In examinations of the orbit, these 
were supplemented with orbital pneumography, 
orbital venography and positive contrast orbito
graphy. These techniques have now been practi
cally superseded by computed tomography (CT) 
because of its distinct cross-sectional nature, and 
its ability to show soft tissue interfaces and de
tails. However, although CT was introduced in 
1972, it could not replace the earlier techniques 
before it had evolved through a series of tech
nological improvements until, in 1979, a CT scan
ner became available that was capable of imaging 
details smaller than one millimeter. During this 
period I was in a position to take an active part in 
this technological innovation, and I therefore 
consider these contributions to be an integral part 
of this book. As a result, the Philips Tomoscan 
310, which was later on upgraded to the Tomo
scan 350, had some properties that most other CT 
scanners did not have. It is these differences in 
particular that form the basis of the contribution 
to the CT imaging of the complicated and detailed 
anatomy of temporal bone and orbit that this 
book is intended to be.

The two most important features of the Tomo
scan 310/350, in this respect, are the geometric 
enlargement which allows for a dedicated X-ray 
geometry for high-resolution applications, and 
the wide flaring patient aperture cone which 
allows for flexible dedicated patient positions for 
scanning directly perpendicular to the tissue in
terfaces of interest (direct multiplanar CT). In 
addition to these standard features we have ex
perimented with special head rests, table swivel,
1.5 mm slice thickness for scans of the orbit, as 
well as special post-processing techniques such as 
three-dimensional tissue surface rendering recon
structions.

Being a medical physicist, the temporal bone and 
orbit aroused my interest in particular, as I first 
considered them as test cases and a challenge to

demonstrate the high-resolution capabilities of 
the CT scanner. The temporal bone represented 
the typical high-contrast case with CT numbers 
ranging between —1000 H (air) and +2000 H (otic 
capsule) and the orbit represented the low-con
trast application of high-resolution CT with its 
inherent fat background resulting in contrasts 
between soft tissues in the order of ten per cent. 
Later on I noticed that also to physicians and 
radiologists the temporal bone and orbit were a 
more convincing test object than the plastic 
geometrical phantoms used by physicists.

It was inevitable that I became rapidly involved 
in the anatomy of the temporal bone and orbit, in 
order to understand the structures that were re
vealed by the CT scans, as none of the cross- 
sectional anatomy atlases available showed 
correlative high-resolution CT anatomy (Eycles- 
hymer and Shoemaker, 1970; Gambarelli et ah, 
1976;Ledley et ah, 1977; Peterson, 1980; Wagner 
and Lawson, 1982; Koritké and Sick, 1984; Maue- 
Dickson et al., 1984; McGrath and Mills, 1984). 
We first contacted Professor J. Vignaud in Paris 
who had published an atlas on pluridirectional 
tomography of the ear with correlative anatomy 
sections prepared by Professor P. Rabischong in 
Montpellier (Rabischong et al., 1975) and I con
sulted the book by Professor G.E. Valvassori and 
Professor R.A. Buckingham (1975). In 19811 had 
met Dr L. Koornneef and became familiar with 
his anatomy research in the orbit (Koornneef, 
1976; 1981). In 1982 I met Dr H.F. Wilbrand of 
Uppsala who already had extensive knowledge of 
the anatomy of the temporal bone and was in the 
process of preparing cryosections of deep frozen 
cadaver specimens. I performed the CT scans of 
such specimens before cryosectioning and 
marked the correct sectioning planes on the out
side. Together with Dr Wilbrand we made the 
pluridirectional tomograms of the specimens and 
performed the cryosectioning according to a tech
nique that had been developed by Professor S. 
Ullberg in Uppsala (1977) and adapted for 
anatomy research by Dr W. Rauschning in Upp-
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General Introduction

sala (1979). A similar technique had also been 
independently developed and refined by Dr B. 
Hillen and Dr P.O. Gerrits at the anatomy 
laboratory of the University of Groningen. We 
cooperated with them in making the cryosections 
of the orbit.

The quality of our CT scans aroused the inter
est of workers in a number of clinical specialties, 
with whom I have worked very closely to fully 
develop the techniques that are presented in this 
book. For the temporal bone, these specialties 
were otolaryngology (otosclerosis, trauma, cho
lesteatoma, ossicular chain luxations and tym
panoplasty follow up studies, Ménière’s disease, 
space occupying lesions such as acoustic neu
romas and chemodectomas, congenital malfor
mations and other types of pathology) and oral 
surgery (temporomandibular joint). For the orbit 
this was ophthalmology (retrobulbar space- 
occupying lesions such as meningioma and 
cavernous hemangioma, trauma, Graves oph
thalmopathy, intraocular lesions such as retino
blastoma and other pathology) and plastic and 
reconstructive surgery (congenital malforma
tions, congenital space-occupying lesions and the 
post-enucleation socket syndrome). These appli
cations were often so delicate and/or specific that 
we had difficulty in finding literature to support 
our studies. In particular, we felt that we were 
able to produce a significantly better CT image 
quality than that available in the current hand
books (Moseley and Sanders, 1982; Ham
merschlag et al., 1983; Valvassori et al., 1982; 
Phelps and Lloyd, 1983; Peyster and Hoover, 
1984; Mancuso and Hanafee, 1985).

As a result of these considerations we felt that 
the study upon which this book is based should 
answer the following questions:

1. Can the technique of geometric enlargement 
combined with the use of thin (1.5 mm) slices 
provide more detailed cross-sectional images 
of both the temporal bone as well as the orbit ?

2. Can the use of different patient positions pro
vide useful images in different planes, and are 
these of better quality than those obtained by 
the use of multiplanar reformatting tech
niques?

3. Can cryosectioning of fresh cadaver specimens 
provide an adequate reference for correlative 
anatomy of the temporal bone and orbit in a 
multitude of imaging planes?

4. Can direct multiplanar CT be applied under 
practical circumstances without lowering the 
patient throughput or raising the radiation 
dose absorbed by the patient?

5. Can direct multiplanar high-resolution CT 
provide new information that is valuable for 
the diagnosis or therapy of the patient?

The answers to these questions fall into three 
categories, the first category being the ‘tech
nique’, the second category the ‘correlative multi- 
planar high-resolution CT anatomy’ and the third 
category the ‘clinical application’.

However, in order to preserve the continuity of 
the sections dealing with the temporal bone and 
the orbit, the correlative anatomy and clinical 
approach for these two regions have been 
arranged together. Consequently, the ‘technique’ 
part contains Chapters 1, 2 and 3, which are 
common for the temporal bone and the orbit. 
Chapter 1 describes the parameters and processes 
that play a role in forming a CT image in general, 
and their relationship with the image quality in 
particular. Chapter 2 describes how these para
meters can be modified in order to obtain a high- 
resolution image and discusses the trade-offs that 
are available in the CT scanning itself and in the 
postprocessing techniques such as multiplanar re
formatting and three-dimensional surface ren
dering reconstructions. Chapter 3 describes the 
cryosectioning technique that was used for the 
correlative anatomy studies.

The ‘correlative multiplanar high-resolution 
CT anatomy’ part comprises Chapters 4 and 6. 
Chapter 4 describes the correlative anatomy of 
the temporal bone in eight different otoradiologi- 
cal planes and identifies 144 anatomical struc
tures. Chapter 6 describes the correlative 
anatomy of the orbit in three different planes with 
a few modified planes and identifies 86 anatomi
cal structures.

The ‘clinical application’ part comprises Chap
ters 5 and 7. Chapter 5 discusses the use of direct 
multiplanar CT in the assessment of labyrinthine 
otospongiosis, both qualitatively as well as quan-
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General Introduction

titatively, and it discusses the visualization of the 
vestibular aqueduct in Ménière’s disease, which 
may play a significant role in the decision to 
perform decompression surgery of the endolym
phatic sac. These are both new application areas 
that require high-resolution CT in different 
planes and therefore demonstrate that the im
proved quality of the CT scans has a clinical value. 
Chapter 7 discusses the use of direct multiplanar 
CT in the assessment of space-occupying lesions 
related to the optic nerve, showing the import
ance of the visualization of the interface between 
the lesion and the optic nerve, and it discusses the

value of direct sagittal CT in the evaluation and 
management of fractures of the orbital floor. 
Here the high image quality is applied to assess 
the extent of the fracture and to detect the pres
ence of scar tissue adhesions that may play a role 
in posttraumatic motility impairment of the extra
ocular muscles.

A glossary of technical terms is incorporated to 
facilitate reading for medically oriented readers. 
The results discussed in this book are based on 
more than 900 clinical examinations of the tem
poral bone and more than 800 clinical examina
tions of the orbit.
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Chapter 1

PRINCIPLES OF COMPUTED TOMOGRAPHY

“The physician is, perhaps unconsciously and perhaps 
reluctantly, a physicist to a very significant degree”.

Paul L. McLain, M. D.*

1-1 Introduction

Computed Tomography (CT) is a diagnostic to
mographic imaging modality which was de
veloped by Hounsfield and his team in the period 
between 1967 and 1972 (Hounsfield, 1976; Hen- 
dee, 1980; Bull, 1981) and introduced to the 
medical community on April 20th 1972 (Roper, 
1972). Earlier attempts to develop this technique 
had not led to systems capable of producing diag
nostic images (Frank, 1940; Oldendorff, 1961, 
Oldendorff, 1963; Cormack, 1963; Cormack, 
1964; Kuhl and Edwards, 1968; Bates and Peters, 
1971). Similar techniques have been applied to 
radio astronomy (Bracewell, 1956) and electron 
microscopy (De Rosier and Klug, 1968; Gordon 
et al., 1970). CT was a new X-ray imaging modali
ty that provided direct visualization of non-cal- 
cified soft tissues which, until that time, and with 
the exception of pulmography and mammogra
phy, could only be visualized indirectly by 
•umenography with contrast media (barium ene
ma, bronchography, angiography, pneumo-en
cephalography etc.)

In this chapter we will discuss the principles and 
parameters that play a role in the generation and 
the quality of the CT image in the historical 
perspective of the development of a number of 
different ‘generations’ of CT scanners.

1.2 The concept of CT

Being a tomographic imaging modality, CT pro
vides a two-dimensional representation of a ‘slice’ 
of the human body. It is based on X-ray transmis
sion measurements through and within the vol
ume of this ‘slice’ by means of narrow collimated 
X-ray beams (pencil beams). These measure
ments are recorded by detectors which are non
imaging in character and more sensitive and re
producible than X-ray film. On the source side of 
the pencil beam is the X-ray source; usually the 
focal spot of an X-ray tube. Combinations of focal 
spots or focal spot positions with detectors or 
detector positions produce a set of transmission 
measurements through the patient. In compari
son with an identical set of measurements without 
the patient being in the scan plane (calibration), 
these can produce a set of values (due to the noise 
these are estimated, rather than exact) of the line 
integrals of the linear X-ray attenuation coeffi
cients along the pencil beam paths [Fig. 1-1] in the 
scanned ‘slice’ of the patient (McCullough, 1975).

This data set is considered to be complete when 
each point of the cross-section is measured in a 
sufficiently large number of directions (usually in 
the range of 180 - 720) within the scan plane. 
These directions should be equally distributed 
over 180° and a sufficient number of consecutive

* In: McLain, P. L.: Physics and physicians. IRE Trans. Bio-Med. Electronics, 8 (1961) 73-75.
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Fig. 1-1. Definition of the linear attenuation coefficient.
a. For one tissue element of thickness d.
b. For a string of tissue elements of different linear attenua

tion coefficients.
c. For the complete patient diameter with a continuously 

varying linear attenuation coefficient (line integral).

or overlapping pencil beam measurements per 
direction (usually in the range of 200 - 1200) 
should cover the cross-sectional diameter of the 
patient. Based on these line integrals it is possible 
to reconstruct a two-dimensional representation 
of the linear X-ray attenuation coefficients of the 
scanned ‘slice’ in terms of a two-dimensional 
array (matrix) of coefficients. An element of this

1--------slice thickness

Fig. 1-2. Definition of a ‘pixel’ and a ‘voxel’. Each square of 
the grid represents a picture element (pixel) of the recon
struction matrix of the image.
The pixel size and the slice thickness have been exaggerated 
for reasons of clarity.

matrix is referred to as a ‘pixel’ (picture element) 
and the volume which a pixel represents in the 
patient is known as a ‘voxel’ (volume element) 
[Fig. 1-2]. The linear attenuation coefficient 
assigned to each pixel is usually converted to a CT 
number according to the definition that air is 
represented by —1000 and water by 0. In honour 
of Dr Hounsfield the CT number is called a 
‘Hounsfield number’, the unit of CT number is 
called a ‘Hounsfield unit’ (H) and the CT number 
range (usually from -1000 to +3095 H) is called 
the ‘Hounsfield scale’ (Alfidi and McIntyre, 1976; 
Brooks, 1977). The CT number should not be 
considered as a strictly absolute value as it may 
vary with changes in patient size, patient tissue 
composition within the scanned slice, and with a 
variety of artifacts [Par. 1.4.4] (McCullough et 
ah, 1974; McCullough, 1977; Pullan et ah, 1981; 
Levi et ah, 1982).

The reconstruction process can be subdivided 
into three steps. Step 1 is the calibration step. It is 
used to compensate for beam-hardening errors 
(Brooks and Di Chiro, 1976a; Pang and Genna, 
1976; Mc David et ah, 1977; Herman and 
Simmons, 1979) and for deviations of offset, gain 
and nonlinearity of the detectors. Step 2 is to filter 
the line integrals of each profile in such a way that 
the lower spatial frequencies are suppressed and 
the higher spatial frequencies are enhanced. This 
is done to compensate for the fading out of the 
higher spatial frequencies in the back projection 
of step 3. This step means that the filtered profiles 
are back-projected across the image in the direc
tion and location in which they were measured, 
while their contribution to each pixel, through 
which each original pencil beam has passed, is 
taken into account. When this has been per
formed for all profiles the reconstructed image is 
ready. It will then be converted to the Hounsfield 
scale and transferred to a storage medium, such as 
a disk or tape, and to the display memory. We will 
not discuss the image reconstruction technique 
and its variants in detail as this has been done 
thoroughly in the literature; both prior to the 
announcement of the EMI scanner (Gordon and 
Herman, 1971; Ramachandran and Lakshmi- 
narayanan, 1971) as well as after it (Cormack, 
1973; Herman et ah, 1973; Herman and Row
land, 1973; Smith et ah, 1973; Gordon and Her
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man, 1974; Shepp and Logan, 1974; Cho and 
Ahn, 1975; Brooks and Di Chiro, 1975; Snyder 
and Cox, 1977; Rowland, 1979; Macovski and 
Herman, 1981; Barrett, 1984). Basically there are 
two types (Herman, 1980) of image reconstruc
tion algorithms: algebraic or iterative algorithms 
(Herman and Lent, 1976), and analytical al
gorithms which are Fourier-based. The latter type 
of algorithm incorporates convolution algorithms 
(Herman et ah, 1976), which are in general use, 
and Fourier transform techniques (Mersereau,
1976) . It has, however, been demonstrated that, 
without the use of a computer, an optical recon
struction can be performed as well (Edholm,
1977) . This kind of technique is currently still in 
use for industrial purposes such as nondestructive 
testing (Segal and Cohen, 1987).

1 • 3 CT scanner generations

In the history of computed tomography a number 
of different designs of CT scanners have been 
created, four of which are generally referred to as 
generations. Generations 1,2 and 3 were designed 
consecutively in time, and every time one of these 
generations was announced the new geometry of 
the design resulted in a significantly shorter scan 
time (Brooks and Di Chiro, 1976c; Evens, 1976; 
Payne and McCullough, 1976; McCullough and 
Payne, 1977; Brooks, 1980; Zonneveld, 1980; 
Barrett and Swindel, 1981; Zatz, 1981; Dümm
ling, 1984). The fourth generation, being intro
duced at about the same time as the third genera
tion, was comparable to the third generation in 
terms of scan time but its geometry was designed 
to avoid a potential problem in the third genera
tion; that of ring artifacts (an artifact is the unin
tended effect of an error or combination of errors 
in the reconstructed image [Par. 1.4.4]). On the 
other hand, the early fourth-generation design 
introduced a number of problems which, later on, 
proved this design to be less appropriate for high- 
resolution CT (Zonneveld and Albrecht, 1981). 
A new design with a scan time as short as 50 ms., 
called the ‘cine scanner’ was never associated with 
a generation number (Quinn et al., 1978; Boyd 
and Lipton, 1983). Another research scanner

(Dynamic Spatial Reconstructor) could provide 
volume scans at a rate of up to 60 per second 
(Robb et al., 1983). Scanner designs have also 
been introduced that were hybrid combinations 
of different generations. An example of a combi
nation of generations 2 and 3 is the Elscint Exel 
2000 scanner, and an example of a combination of 
generations 3 and 4 is the EMI research scanner 
called Topaz’ (Hounsfield and Waltham, 1978). 
Both of these hybrid scanner designs are suitable 
for high-resolution CT, while the cine-scanner 
lacks resolution and is specifically designed for 
speed.

The first CT scanner (first generation) was 
named the ‘EMI Mark F scanner and was the 
result of the research efforts of Sir Godfrey New- 
bold Hounsfield (Hounsfield, 1972) who, in 1979, 
received the Nobel Prize for Medicine for his 
innovative work (Hounsfield, 1980).

The original scanning pattern in the first gener
ation scanner consisted of a translation by the 
tube and X-ray detector together, in a direction 
perpendicular to the pencil beam, resulting in a 
linear array of attenuation measurements (profile 
or view) representing the projection of a plane 
onto a line, followed by a small rotation (usually 
one degree or less) of the same yoke carrying the 
tube and detector. This procedure was repeated 
until the rotation had covered an angle of at least 
180° minus one rotation increment, followed by a 
final translation (Hounsfield, 1973; Hill and Joy
ner, 1974) [Fig. 1-3], The use of a single pencil 
beam of X-rays resulted in a 285-300 second scan 
time, which made the system extremely suscep
tible to patient motion artifacts (Goodenough et 
al., 1975) [Par. 1.4.4], In practice two adjacent 
pencil beams were used (two detectors and one 
tube) to scan two adjacent slices simutaneously. It 
was relatively simple to immobilize the head for a 
number of minutes and, as soft tissue imaging was 
extremely important for the diagnosis and locali
zation of brain tumors, it is understandable that 
the first generation CT scanners were mainly used 
for examinations of the brain (Ambrose, 1973; 
Ambrose, 1974; Cabanis, 1974; Gawler et al., 
1974; New et al., 1974; Davis and Pressman, 
1974; Paxton and Ambrose, 1974; Baker et al., 
1975; New and Scott, 1975; Thun, 1975). This 
illustrates that, at that time, it was much more
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Fig. 1-3. Scanning geometry of the first generation CT scanner with one pencil beam and detector per slice, and two slices 
per scan.
a. Translation across the patient aperture. b. Rotation increment (in the order of 1 degree).

important to be able to depict small density 
differences in soft tissues than to perform high- 
resolution CT scans.

The first generation principle has been applied 
to the body as well (Ledley, 1975), but was not 
very successful due to the artifacts caused by 
respiratory, cardiac and gastro-intestinal motion 
(Ledley et ah, 1974; Schellinger et ah, 1975).

In the second generation CT scanners, instead 
of one detector, an array of detectors was used in 
such a way that the pencil beams were arranged in 
the shape of a fan, in a plane coinciding with the 
scan plane. Due to simultaneous acquisition of as 
many attenuation measurement profiles (views)

as there were detectors, during one translation, it 
was possible to increase the yoke rotation incre
ment angle and make it equal to the top angle of 
the detector fan, thus significantly reducing the 
scan time [Fig. 1-4]. The first second generation 
CT scanner (Delta 50) was introduced in De
cember 1974 by Ohio Nuclear, and made use of 
three detectors per scan plane (Alfidi et al.,
1975). A major breakthrough was the introduc
tion in March 1975 of the EMI 5000 scanner 
(Hounsfield, 1975) with 30 detectors and a scan 
time of 20 seconds (Stephens et al., 1976; Kreel, 
1977). This was the first body scanner capable of 
performing a scan within a period in which respi-

Fig. 1-4. Scanning geometry of the second generation CT scanner with a fan beam of X-rays and an array of detectors per 
slice, and one or two slices per scan. Note that the fan angle and rotation angle are equal to each other, 
a. Translation. b. Rotation.
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Fig. 1-5. Scanning geometry of the 
third generation CT scanner with a 
fan beam of X-rays and a detector 
array that encompass the complete 
patient cross section; shown in the 
two extreme positions of geometric 
enlargement.
a. Geometry for body scanning, 
b- Geometry for scanning of the 

head, extremities or the spine, 
c. Double exposure photograph of 

an open gantry showing the two 
extreme positions of geometric 
enlargement.

ration could be suspended, thus reducing the 
patient motion artifacts to a level where useful 
diagnostic images could be produced in the body, 
especially the thorax and mediastinum. In the 
first and second generation CT scanners the 
attenuation measurements resulted in parallel 
sets of projection data (views or profiles) for each 
projection direction. After each translation the 
data acquisition was interrupted during the rota
tion of the yoke and the translation reversal. 
Motions of the patient that took place during this 
‘dead’ time caused discrepancies in the data set 
which, after reconstruction, resulted in artifacts. 
For the reconstruction of the image, the projec
tion measurements in each profile were equally 
spaced and the position of the center of rotation 
and the projection direction had to be known 
exactly. Deviations from these prerequisites re
quired additional calibrations, interpolations or 
special procedures. Later on, new algorithms 
were devised for non-equidistant measurements
(Deckers and Op de Beek, 1985).

In addition to being the first useful body 
scanners, the second generation scanners were 
also the first ones to be used for high-resolution 
imaging with the help of special collimators and, 
sometimes, special software as well (De Smedt et 
ah, 1980; Russell etal., 1982).

In the third generation CT scanners the transla 
lion motion was eliminated altogether and the fan c.

5



Chapter 1

angle was widened to encompass the whole body 
cross section and, at the same time, a much larger 
number of detectors [Fig. 1-5]. This basic modifi
cation of the scan geometry allows for a scan time 
in the order of one to five seconds and, equally 
important, as a consequence of the continuous 
data acquisition the scanner is less susceptible to 
patient motion artifacts and has a reduced chance 
of encountering patient motions during the scan 
(Sagel et al., 1976). In the third generation CT 
scanner a profile is fan-shaped (‘source profile’) 
as all measurements that are recorded simultane
ously by all detectors have a fan-shaped geome
try. It is possible to take all profiles of a scan 
together and rearrange them into a set of parallel 
profiles. This may be necessary in some cases 
[Par. 2.3.4], However, in general, the fan beam 
geometry can also be reconstructed directly 
(Dreike and Boyd, 1976; Peters and Lewitt, 1977; 
Wang, 1977).

The third generation was first introduced by 
Artronix in 1974 as a brain scanner. In the sum
mer of 1975 General Electric announced a 
mammographic scanner (Redington et al., 1975) 
which was a pilot project for the body scanner 
introduced in the autumn of the same year. In the 
spring of 1977 Philips introduced an improved 
version of the third generation scanner which 
included the principle of geometric enlargement. 
This is the possibility (in third generation CT 
scanners) to move the combination of the X-ray 
tube and detector array back and forth in the 
direction of the central line of the fan beam (line 
from focal spot to isocenter) and fix it in the 
desired position during the scan rotation itself 
[Par. 2.3.2 and Fig. l-5c]. Geometric enlarge
ment is the prime technical improvement that has 
contributed to the high-resolution CT technique 
as used in the underlying studies of this book 
(Zonneveld, 1979).

In the third generation scanner the distance from 
the axis of rotation to each of the pencil beams 
remains fixed during the scan. This means that 
when a detector is not well calibrated it may 
produce a ring-shaped artifact in the image. The 
radius of this ring, when measured in the scanned 
object, is equal to the distance between the pencil 
beam and the scanner’s axis of rotation.

In April 1976, AS&E introduced a new type of 
scanner geometry, referred to as the ‘fourth’ gen
eration, with an X-ray tube that rotated on the 
inside of a stationary circular array of detectors 
that was concentric with the scanner’s axis of 
rotation [Figs. 1-6 and 2-12cd], This geometry had 
the potential to prevent ring artifacts as each 
detector made measurements in all parts of the 
cross section. If the profiles in the fourth genera
tion scanners had been arranged in the same way 
as in the third generation scanner, there would 
have been too many profiles and too few meas
urements per profile due to the relatively wide 
spacing of the detectors. In the fourth generation 
scanner, a profile is therefore formed by a series 
of measurements of a single detector at a series of 
different X-ray tube positions. This is also re
ferred to as an inverse fan-beam (‘detector pro
file’) [Fig. l-6b]. The density of the measure
ments within a profile is not fixed, as in the 
standard third generation, but depends on the 
spacing of the tube positions at which the readings 
are recorded. On the other hand, in the fourth 
generation, the number of profiles is equal to the 
number of detectors.

Later on the calibration and manufacturing 
problems of the third generation were solved, and 
from then onwards the third and fourth genera
tion remained coexistent, although the third gen
eration was manufactured by more companies.

The first problem of the fourth generation was 
that the detectors could not be collimated in the 
direction of the X-ray source, as the pencil beam 
orientation was moving relative to the detector. 
This meant that scintillation crystal detectors with 
photomultiplier tubes or photodiodes had to be 
used (Xenon gas detectors are self-collimating). 
These, in turn, were unstable due to their temper
ature dependency. The lack of collimation also 
meant that scatter radiation from the patient 
could not be rejected. However, in comparison 
with the gas chamber detectors used in most of the 
third generation scanners, the crystal detectors 
had a higher detection efficiency.

The second problem was that the same detector 
inacuracies that caused ring artifacts in the third 
generation, could not be solved as easily in the 
fourth generation (above-mentioned tempera
ture dependency). Inaccurate fourth generation
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Fig. 1-6. Scanning geometry of the fourth generation CT scanner, with a fan beam of X-rays that encompasses the patient 
aperture and a circular array of stationary detectors.
b. Da^acquSeomS^llach TeZor Sleeting a fan-shaped array of attenuation measurements. This has been 

referred to as the ‘inverse fan beam’ geometry.

detectors, although they did not cause ring ar
tifacts, caused fans of lines covering the complete 
image thus resulting in an increase of the noise in 
the image.

The third problem was that a high sampling rate 
was required to prevent motion blur from the 
scanner motion itself (due to the continuous radi
ation in the fourth generation as opposed to 
pulsed radiation in the third generation) resulting 
in large quantities of data (Zonneveld and Al
brecht, 1981).

The fourth problem was that large numbers of 
detectors had to be used (in the range of 1000 to 
2400) in order to perform high-resolution scans. 
The original method of reducing the detector 
width by means of collimator pins had the disad
vantage of reducing the amount of useful radia
tion after it had already passed through the pa
tient and increased the noise. Reduction of the 
slice thickness which is, as we shall see, manda
tory in high-resolution CT due to the fixed dis
tance between focal spot and axis of rotation, also 
resulted in a lack of signal (increase of the noise) 
as the X-ray tubes were usually operated at max
imum power.

Table 1 summarizes the most drastic changes in

a number of important CT parameters that took 
place between 1973 (Hounsfield, 1973) and 1984. 
These changes have been possible as a result of 
the evolution of computer technology, recon
struction mathematics, X-ray detector technol
ogy, signal processing techniques and the technol
ogy of X-ray generation.

Parameter First scanner (1973) 
(EMI Mark I)

Modern scanner 
(1984)

Scan time 285-300 s 2-10 s
Image matrix 
Spatial resolu-

802 2562,3202,51 22

tion
Number of de-

4 mm 0.5 to 1.0 mm

lectors 2 (one per slice) 512-730 3rd genera
tion
1200-1440 4th gener
ation

Slice thickness 8 or 13 mm 1 to 12 mm
Voxel volume 69or112mm3 0.025 to 40 mm3
Application Brain and orbit Whole body; includ

ing high-resolution 
applications (head& 
neck, spine, ex
tremities)

Table 1. Parameters characterizing the evolution of stand
ard computed tomography between 1973 and 1984.
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1.4 Image quality parameters

Within the limits that are set by the technological 
improvements, mentioned in the previous para
graph, it is possible to optimize the image quality 
to the CT application (McCullough et al., 1976; 
McCullough, 1980b). In this paragraph we will 
discuss the parameters that play a role in describ
ing the image quality and how they are interre
lated and depend on the scanning parameters, 
patient composition, patient immobilization and 
the choice of reconstruction algorithm.

1.4.1 Spatial resolution. Spatial resolution can be 
defined as the ability of an imaging system, in this 
case the CT scanner, to visualize small details of 
relatively large contrast (10% or more) with re
spect to their background. This, generally, does 
not refer to isolated details but to the ability to 
separate these details when they are spaced at

distances equal to their diameter. In practice this 
means that a CT scanner with a spatial resolution 
of 1 mm is capable of visualizing two rods with a 
diameter of 1 mm and separated by a distance of 
1 mm, having a contrast of at least 10% relative to 
their background, embedded in a water-like 
medium with approximately the size of a head 
(usually a 16 cm water-filled plexiglass cylinder) 
and placed perpendicularly to the scan plane. 
This means that spatial resolution is a property 
that is independent of the thickness of the ‘slice’ 
being imaged (slice thickness) and that it is virtu
ally independent of the noise in the image [Par.
1.4.3]. Therefore, spatial resolution is not equiv
alent to image sharpness, but it is the main con
tributor to it. When we also disregard the possibil
ity that the reconstruction algorithm (mathemati
cal procedure to reconstruct an image) or the 
pixel size are limiting the spatial resolution (Smith 
et al., 1975) then the scanning geometry is the

Fig. 1-7. Sampling geometry during data acquisition in a 
third generation CT scanner. (From: Zonneveld, 1985) (a = 
sample increment, b = sample width, d = detail size, D = 
object diameter, v = view increment angle, t = tangential 
increment; as measured in mm on the object surface).
a. Relationship between sample width, sample increment 

and view increment angle.
b. Relationship between the number of views, number of 

detectors and the sampling geometry.
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principal determinator of the spatial resolution 
(Yester and Barnes, 1977; Glover and Eisner, 
1979; Blumenfeld and Glover, 1981)- We will 
now analyse the scanning geometry and break it 
down into its major constituents.

The scanning geometry is composed of the 
geometry of the pencil beams themselves, the 
geometry of the pencil beams in the profile, and 
the geometry of the profiles in the scan. From this 
concept we can derive three geometrical parame 
ters (still independent of the slice thickness), the 
first one being the pencil beam width in the 
patient (sample width), the second one being the 
center-to-center distance between two neighbor
ing pencil beams within a profile (sample incre 
ment) and the third one being the rotation incre
ment between two consecutive profiles (view in 
crement) [Fig. l-7a]. In order to understand the 
relationship between these three parameters and 
the scanner construction we will study them sepa
rately in more detail.

The sample width (pencil beam width) is de
fined by the focal spot width with its characteristic 
X-ray intensity distribution (Verly, 1980) and the 
detector aperture width with its characteristic 
quantum detection sensitivity distribution. Be 
cause of the complexity of this geometry we pre
fer to speak of the pencil beam width in terms of 
an ‘effective’ width (usually the FWHM, i.e. Full 
Width at Half Maximum of the attenuation dis 
tribution is applied). In this way the variation of

the pencil beam width as a function of the distance 
to the focal spot or the distance to the detector 
entrance can be described [Fig. 1-8]. In the pencil 
beam trajectory closest to the detector, the effec
tive pencil beam width is determined by the detec
tor aperture width, and in the trajectory closest to 
the X-ray tube the effective pencil beam width is 
determined by the focal spot width. Depending 
on which part of the pencil beam trajectory in-

focal
spot
width

W----- H
detector
aperture
width

t>
Fig- 1-8. Effective pencil beam width geometry of two 
adjacent pencil beams in the fan of X-rays and the influence 
°f geometric enlargement. For reasons of clarity the horizon 
tal dimensions have been magnified by a factor of a hun re 
relative to the vertical dimensions.
a. Attenuation profiles of an elementary small object P°in 0 

two adjacent pencil beams as a function of their position 
on the line between focal spot and detector aperture. 
(From: Zonneveld and Walinga, 1978)

b- Definition of the effective beam width as the Full Wid a 
Half Maximum (FWHM) of the pencil beam attenuation 
profile.

0- Effective pencil beam width and overlap of two adjacen 
pencil beams in body scan geometry (min. geometric 
enlargement) and use of a large focal spot. (From. 
Zonneveld and Walinga, 1978) 

d- Effective pencil beam width and overlap of two adjacent 
pencil beams in head scan geometry (max. geome nc 
enlargement) and use of a small focal spot. (From. 
Zonneveld and Walinga, 1978)

body scan

head scan

d.
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tersects with the patient, the spatial resolution 
can be improved by either reduction of the detec
tor entrance width (Klug and Crowther, 1972) or 
reduction of the focal spot width (Prasad, 1979). 
When the detector width is significantly larger 
than the focal spot width the pencil beam will 
diverge and, in that case, the spatial resolution 
can be improved by moving the focal spot closer 
to the patient. When this is implemented as a 
user-controlled scanning parameter, this tech
nique is called ‘geometric magnification’ or 
‘geometric enlargement’ (Zonneveld, 1979). This 
technique is extremely helpful in a third genera
tion geometry as it reduces the sample increment 
at the same time.

The sample increment is related to the sample 
width in such a way that, under ideal circumstan
ces, the sample increment is half the size of the 
sample width (Landau, 1967; Wagner et ah, 1979) 
[Fig. 1-9], In the third generation geometry this 
can be achieved by placing the detector array, not 
exactly in the center of the fan beam, but at one 
quarter detector pitch off-center. As a result, 
pencil beams in opposite directions will be 
positioned in between each other, thus effectively 
reducing the sample increment by a factor of two 
[Fig. 2-13b], This technique is generally referred 
to as ‘quarter detector offset’ or ‘quarter ray 
offset’ (Joseph, 1981).

X-rays

f ▼

f t T f

object
grid

Fig. 1-9. Example of a linear sampling geometry (first gen
eration CT scanner) with a sample width equal to the object 
detail size to be resolved and a sample increment of half that 
size. Note that, if the sample increment were equal to the 
object detail size, the object grid could not be resolved at all 
as the detector could produce the same signal (b).

In the first, second and fourth generation geome
try the sample increment depends on the distance 
moved by the X-ray tube between subsequent 
measurements in relationship to the overall 
geometry of the scanner and the position in the 
patient. The spatial resolution cannot be ex
pected to improve significantly when the sample 
increment becomes smaller than half the sample 
width, which is generally the case in the first, 
second and fourth generation due to the rapid 
sampling intended to prevent motion blurring by 
the scanner motion itself, as has been mentioned 
in Par. 1.3.

The third geometrical parameter is the view 
increment. When the number of views per scan is 
not sufficient, streak artifacts will occur in the 
reconstructed image (Schulz et ah, 1977; Joseph 
and Schulz, 1980; Joseph, 1981). It has been 
stated that the minimum number of views re
quired for a 360° scan is equal to the number of 
times the sample width can be fitted on the 
perimeter of the patient’s cross section (this cross 
section is assumed to be circular) [Fig. l-7b]. 
More views than this minimum will produce re
dundant information, and not result in further 
improvement of the spatial resolution, although it 
will decrease the noise.

There are many ways to measure spatial resolu
tion. Usually a phantom is used (Bellon et al, 
1979; McCullough, 1980a; Bergström, 1981). 
This is an object of a defined geometry and com
position which represents a patient. Generally 
water and plastics such as plexiglass (PMMA), 
nylon (PA), polyethylene (PE) and polycarbo
nate (PC) are used to represent soft tissues, and 
aluminum and plastics such as teflon (PTFE) and 
polyvinyl chloride (PVC) are used to represent 
bone. Sometimes solutions of dextrose or glycerol 
have been used for low-contrast applications. As 
the energy dependence of the linear attenuation 
coefficient usually deviates from that of real hu
man tissues, dedicated mixtures of plastics and 
minerals have been defined for better approxima
tion of reality (White et ah, 1977; White, 1978; 
White et ah, 1981). For the measurement of 
spatial resolution, different geometries can be 
used such as a pattern of rows of holes of different 
sizes (Judy et al., 1977), a sandwich of contrasting 
materials of varying spatial frequency
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(Goodenough et al., 1977) or a starburst pattern 
(Goodenough et al., 1977). It is also possible to 
scan a very thin metal wire embedded in water or 
plastic (positioned perpendicular to the scan 
plane) and then, in the image, measure the Full 
Width at Half Maximum (FWHM) of the CT 
number representation of the wire which is called 
the point spread function (PSF). This FWHM of 
the PSF is a representation of the response of the 
system to a single point in the object and as such it 
is a measure for the spatial resolution (Judy, 1976, 
Blumenfeld and Glover, 1981). Other possi
bilities that should be mentioned, although they 
are not explained in detail, are the cut-off fre
quency of the modulation transfer function 
(Barnes et al., 1979) and the asymptotic value of 
the contrast-detail curve [Par. 1.4.3] (Cohen et 
al., 1981).

1.4.2 Partial volume averaging. Partial volume 
averaging is a phenomenon which results from the 
fact that the contents of a voxel are represente 
by a single CT number in the image matrix (one 
Pixel). The result of this is that structures with 
different linear attenuation coefficients present m 
that voxel cannot be differentiated from one 
another and, due to an averaging piocess, they 
will not be separately apparent in the image.

tissue b

tissue a

I=IoeK''1+^Od
Fig-1-10. Partial volume averaging with the tissue interface

Perpendicular to the X-ray pencil beam direction, n 
the effective attenuation coefficient is equal to the ave^9 
value of the attenuation coefficients and there ore 
Produce a partial volume artifact.

voxel

tissue b

tissue a

voxel 

tissue a

tissue b

Fib

b. I>I0e}(/W2)d
Fig. 1-11. Partial volume averaging with the tissue interface 
parallel to the X-ray pencil beam direction. In this case the 
effective attenuation coefficient is lower than the averaged 
value of the attenuation coefficients and therefore will pro
duce a partial volume artifact.

When the division between these averaged struc
tures is mainly perpendicular to the scan plane it 
can be perpendicular to the measurement ray at 
one moment during the scan and parallel to it 
after 90° rotation. In the first case the measure
ment will not contribute to the artifact [Fig. 1-10] 
and in the second case it will [Fig. 1-1 la]. This 
means that vertical tissue interfaces produce 
moderate partial volume artifacts. However, high 
contrast tissue interfaces parallel to the scan plane 
produce false signals in all directions of the scan 
[Fig. 1-1 lb] and this also occurs more frequently 
than vertical interfaces because the slice thickness 
(voxel height) is usually a multiple of the pixel size
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(Brooks and Di Chiro, 1977). We can say, there
fore, that the tissue interfaces parallel to the scan 
plane are the main contributor to the partial 
volume averaging phenomenon, and the effect 
may increase with an increasing slice thickness in 
those cases where thin slices can avoid the areas of 
contrasting tissues. That this is usually not the 
case in the area of the mastoids is demonstrated 
by Fig. 2-19. In paragraph 1.4.1 we have only 
considered small cylindrical details with their axes 
positioned perpendicular to the scan plane. In 
reality this is not the case, and details in a patient 
can therefore be better represented as spheres 
than as rods (Plewes and Dean, 1981).

The consequences of partial volume averaging 
are twofold. The first consequence is that as the 
slice thickness increases, the image will have a 
more ‘blurred’ appearance (Zonneveld and Vij
verberg, 1984). This means that a thinner slice 
provides a sharper image, which will also contain 
more noise as the smaller slice thickness blocks 
out more radiation and therefore contains less 
signal. The second consequence is that when 
highly contrasting tissues, such as cortical bone 
and air, are averaged they produce artifacts [Par.
1.4.4] (Glover and Pelc, 1980; Rührnschopf and 
Kalender, 1980; Goodenough et ah, 1981). These 
errors in the image result from the fact that the 
reconstruction of a CT image is a non-linear 
process, involving the taking of logarithms, and 
therefore the average of bone and air is not 
represented as the arithmetic average of their 
linear attenuation coefficients or respective CT 
numbers, but as a lower value [Fig. 1-11]. In the 
image, this may produce dark streaks between 
those areas where the volume averaging takes 
place, for example in the mastoid air cells and the 
middle ear cavities (Joseph, 1981). This particular 
artifact is therefore called ‘petrous bridging’ or 
‘Hounsfield bars’.

1.4.3 Contrast resolution. Contrast resolution is 
an image quality parameter that describes the 
potential of an imaging system to visualize rela
tively large details (3-10 mm) of relatively low 
contrast with their background (1% or smaller). 
It is difficult to provide an objective definition of 
contrast resolution (Goodenough and Weaver,
1984). The fact that we speak of ‘visualization’

means that there is a relationship between con
trast resolution and visual perception, and it can 
therefore be considered to have an important 
perceptive background (Goodenough, 1981).

The image noise is considered as the main 
parameter limiting the detectability of low-con
trast details (Brooks and Di Chiro, 1976b; Tana
ka and linuma, 1976; Chew et al, 1978; Judy et 
ah, 1981; Hanson, 1981). There are, however, a 
number of different types of noise, which may be 
introduced at different stages of the imaging pro
cedure. There is statistical noise due to the quan
tum character of radiation (Barrett et ah, 1976); 
electronic noise, usually added in the pream
plifier of the detector (Cohen, 1979) or in the 
(early types of) A-D converter (Gordon, 1974); 
round-off errors in the reconstruction process; 
artifactual noise (Sheridan et ah, 1980); and 
structural noise introduced by the tissue texture 
(Pullan et ah, 1978) or a non-homogeneous dis
tribution of the noise power spectrum. Generally 
the statistical quantum noise is considered to be 
the main contributor to the image noise as the 
other types of noise are regarded as being minor 
in comparison (Maue-Dickson et ah, 1979).

Brooks and Di Chiro (1976b) have derived a 
formula which relates the standard deviation of 
the image noise to a number of CT parameters. 
Equation 1 on page 13 expresses this relationship. 
It is presented here in a more simplified form than 
that given by Brooks and Di Chiro and, at the 
instigation of Op de Beek (1981), we have separ
ated out parameters a and b, which Brooks 
assumed to be equal to each other.

This relationship demonstrates that the noise 
increases when the object being scanned (patient) 
becomes larger in diameter, the sampling be
comes finer, the tissue has an increased linear 
attenuation coefficient, the slice thickness de
creases, the radiation dose decreases, or when the 
dose efficiency decreases (for instance when using 
detectors with a lower sensitivity or detector elec
tronics with a higher intrinsic noise, or when using 
an edge-enhancement filter in the image recon
struction algorithm). Techniques generally used 
to decrease the noise are the use of a smoothing 
filter in the image reconstruction algorithm and 
the use of a higher radiation dose. Higher radia
tion dose can, therefore, improve the contrast
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o = CV{B/(b.a2.h.D0)} where B=eMd

with: o = standard deviation of the noise
C = constant factor describing the dose 

efficiency (small C means a high 
dose efficiency)

/u. = average linear attenuation coeffi
cient

d = object (patient) diameter

resolution (reduction of the statistical noise) as 
long as the system noise is not a limiting factor. 
This means that smaller details can be visualized 
at the same low contrast level or the same detail 
sizes can be visualized at reduced low contrast 
levels [Fig. 1-12]. The delivery of a higher dose to 
the patient, however, is only acceptable when it is 
inevitable in obtaining the diagnosis or when it 
increases the confidence level of the diagnosis 
(Cronin, 1977; Rados, 1979; Skalnik, 1979). 
There is also a limit to the dose an X-ray tube can 
deliver within a given exposure time (Randmer et 
al-, 1981). In this respect geometric enlargement 
(Zonneveld, 1979) can be helpful, especially in 
the use of thin slice thicknesses, because a smaller 
distance between focal spot and slice thickness 
collimator (this collimator remains stationary

£ 2.0- asymptote

>. detail size (mm)

Fig. 1-12. Relationship between the detail size of a just 
Perceptible low-contrast detail and its contrast at two differ
ent levels of skin dose (contrast-detail curve). The asymptote 
indicates the limitation imposed by the spatial resolution of 
the scanner. (From: Zonneveld, 1985)

(equation 1)

b = beam width (sample width)
a = sample increment
h = slice thickness
D0 = skin radiation dose as applied for

one scan
e = base of natural logarithm 

(e = 2.71828)

during geometric enlargement) allows a larger 
solid angle of X-rays to pass through the same 
slice thickness [Par. 2.4.2].

1.4.4 Artifacts. Artifacts are errors in the recon
structed image caused by deviations from the 
assumptions which, in a number of cases, are not 
true in reality (Kowalski, 1977; Joseph, 1981). A 
number of artifacts will be discussed here which 
may degrade the CT image quality to an un
acceptable degree. Artifacts can be due to differ
ent categories of causes, the first one being mal
functioning of the CT scanner or lack of proper 
calibration (Parker et al., 1982; Braun, 1979). 
The second category is due to lack of proper 
patient preparation, or poor patient cooperation 
during the scan (Ip et al., 1983). The third cate
gory is due to improper use of technique factors or 
patient positioning, and the fourth category is 
inherent in the physics of CT itself (Macovski,
1983).

The artifact causes of the first group may de
pend on the generation of the CT scanner. We 
shall therefore confine ourselves to those causes 
that we encounter in the third generation scanner 
only:

Ring-like artifacts are caused by an insufficient
ly calibrated detector array, resulting in calibra
tion discrepancies between neighboring detectors 
in the sense that different signals are generated by 
the same amount of radiation [Fig. l-13a], A 
second cause is formed by momentary in
stabilities in the X-ray geometry or detector re
sponse (gain or offset) during the scan itself (par
tial ring artifacts) [Fig. l-13b].

Fan artifacts are caused when only one profile 
of measurements is disrupted momentarily during 
the scan. A fan of streaks will be superimposed on
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Fig. 1-13. Ring-like artifacts.
a. Ring artifacts due to improper calibration of the detector array. (From: Zonneveld, 1985)
b. Partial ring artifacts due to geometrical or detector instabilities during the scan itself.

Fig. 1-14. Fan artifact due to misregistration of one fan
shaped profile of attenuation measurements. The artifact 
lines point to the position of the focal spot at the moment 
when the misregistration occurred. (From: Zonneveld, 1985)

the image, the source of which is located at the X- 
ray tube position at the moment when the inter
ference occurred. In both of these cases a proper 
calibration and undisturbed signals were assumed 
[Fig. 1-14].

Unexpected black or white pixels can be caused 
by memory failures, interferences during image 
data transfer, damaged image data carriers (disk, 
floppy disk, tape etc.) or decoding errors of coded 
image data.

The following artifacts find their causes in the 
second category:

Patient motion artifacts are caused when the 
patient or a part of the patient moves during the 
scan [Fig. 1-15] (coughing, breathing, swallow
ing, blinking [Fig. 1-16]). The assumption is here 
that the patient remains stationary during the 
scan to prevent discrepancies between the attenu
ation measurement data.

High density artifacts can be caused when high 
density contrast media of previous examinations 
are still present in the scan plane; such as in the 
case of a sialogram or previous use of persisting 
contrast agents.

The following artifacts find their causes in the 
third category:
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5®' Patient motion artifact.
1 rorn: Zonneveld, 1985)

Head motion artifact.
Correct scan at the same level.

Fig. 1-16. Patient motion artifact.
a. Eye blinking artifact.
b. Correct scan at the same slice position.

Dental filling high density artifacts are caused 
when the patient is positioned with dental fill- 
lnS(s) in the scan plane. In this case streaks will 
radiate from the dental fillings in all directions 
1 'g- 1-17], Here the assumption is that metals, 
which practically block out the X-rays, create a 
^°ndition for which the scanner cannot be cali- 
rated (maximum line integral attenuation over- 
0w)- This artifact is combined with the 
CT-scale overflow artifact. This means that the 

Cental fillings show black internal structures due 
to the fact that the CT number is above the 
rttaximum CT number of the Hounsfield scale 
(usually +3095) [Fig. 1-17] (Zonneveld and 
Wlnd, 1985).

Lack-of-signal artifacts are caused when the 
Putient is accidentally positioned with his shoul- 
er in the scan plane while a high-resolution scan 

Is made with 1.5 mm slice thickness. The assump- 
tl0n *s that the detector signal is always large in 
uomparison to the noise. The attenuation in the 

oulder, however, brings it to the same order of 
ftugnitude as the noise, resulting in streaks which 
reflect the noise fluctuations in the underlying 
Measurements (‘frozen noise’) [Fig. 1-18] 
(Duerinckx and Macovski, 1980).

Fig. 1-17. Dental filling artifact with black areas inside the 
fillings due to CT-scale overflow.
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Fig. 1-18. Lack-of-signal artifact. ‘Frozen noise’ radiates in 
the direction of highest attenuation; in this case caused by 
the shoulder.

Limited scanned area artifact. This artifact is 
caused by a patient or object (table) extending 
outside the scanned area. The result is a signifi
cantly elevated CT number at the cut-off edge 
which decreases towards the center of the 
scanned area (Tofts and Gore,1980; Lehr, 1983).

Overshoot artifacts are caused when an edge- 
enhancement filter is used in the image recon
struction. This artifact causes an overshoot of the 
CT number at transitions of high contrast (bone- 
soft tissue, soft tissue-air). When soft tissue de
tails are very small or thin they can be affected in 
such a way that they become invisible. In the early 
days of high-resolution CT this technique was 
applied to increase the spatial resolution (Winter, 
1980; Russell et ah, 1982) but is no longer used 
due to the adverse effects of this artifact [Fig. 
2-8b],

The following artifacts find their causes in the 
fourth category:

The partial volume averaging artifact is caused 
by the assumption that each voxel contains a 
homogeneous tissue and not combinations of 
highly contrasting tissues (Rührnschopf et ah, 
1981). We encounter this artifact often in the 
form of dark bands or streaks between areas 
containing mastoid air cells (‘Flounsfield’ bars) 
and between the mastoids [Fig. 1-19] and the

occipital protuberance and sagittal sinus (espe
cially when filled with contrast medium) and the 
ethmoid air cells. It is sometimes also seen in the 
continuation of the lateral orbital walls. The 
reason for these bands being dark is the fact that 
the nonlinear image reconstruction process re
sults in a lower CT number than the averaged CT 
numbers of the tissues involved in the partial 
volume averaging. [Par. 1.4.2 and Figs. 1-llb, 
2-19],

Scatter artifacts are caused by scattered radia
tion contributing to the detector array as an addi
tional signal (Herman, 1980). The result is cup
ping. It can be compensated for by subtraction of 
a fixed value from the detector signal (scatter 
correction).

Beam hardening artifacts (Macovski et al., 
1975; Brooks and Di Chiro, 1976a) are caused by 
the difference between soft tissue beam harden
ing (which is compensated for) and bone beam 
hardening (which is partially compensated for in 
brain scans). Bone beam hardening can be 
corrected for by a separate post-reconstruction 
process including a second reconstruction of a 
corrected image on the basis of the bone detected 
in the initial image (Nalcioglu and Lou, 1979).

Fig. 1-19. Partial volume averaging artifacts. Scan at the 
level of the mastoids (3 mm slice thickness). The low density 
streaks occur between regions with high contrast tissue 
interfaces.
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Aliasing artifacts are caused by undersampling o 
the scanned object by the detector array (less than 
two samples per beam width) (Brooks et ah, 
1979). This can be corrected for by using the 
principle of quarter detector offset [Par. 1.4.1]- 
Another form of aliasing is caused by under 
sampling of the image by the image matrix (pixe 
size too large in relation to the resolved detail 
size). This can be corrected for by using zoom 
reconstructions or larger reconstruction matrices 
which both effectively reduce the pixel size.

1-4.5 Image display and photography. The CT
image is displayed on a cathode ray tube (CR 
This kind of display makes use of a video signal to 
compose the image in terms of a raster of video 
lines representing the rows of pixels in the image 
matrix. The CRT uses a short-persistence phos
phor of good quality (Gray and Winkler, 198 ) 
and the image is refreshed at a rate which is 
sufficiently high to perceive a continuous level o 
intensity (Schultz, 1981). Theoretically this rate is 
between 40 and 48 Hz. This is why use is made of 
non-interlaced video (Europe: 50 superimpose 
frames per second of 312.5 lines each, U.S.A.. 
superimposed frames per second of 262.5 lines 
each) instead of the conventional interlaced vi eo 
which combines two of these frames in an mier
weed pattern at half the refresh frequency. Video 
systems with larger numbers of lines per frame are 
now available for the larger matrices, such as 
512“. It must be noted, however, that when t e 
frequency of the ambient light source differs from 
fhe refresh frequency of the CRT a low frequency 
(10 Hz in the case of 50 Hz light and a 60 z 
display) flicker remains.

Proper display of a CT image on a CRT re 
quires at least that the spatial- and contrast reso
lution of the observer is not a limiting factor. T e 
spatial resolution of the observer (visual acuity) is 
considered to be normal when details of one 
minute of arc in diameter can be discriminate ^ 
when a 2562 matrix is displayed at a size of 16x16 
cm and viewed at a distance of 70 cm the pixel size 
will be about 3 minutes of arc to the viewer. This 
means that for persons with normal visual acuity 
there is no limitation by the observers visua 
acuity even in the case of viewing a 512 matrix 
under the same circumstances. However, with t e

contrast resolution the situation is different. 
Under normal background illumination condi
tions (luminance of 100 foot-Lambert (342.6 cd/ 
m2)) the human eye can discriminate a contrast of 
1% (Blackwell, 1946). This shows that a CT 
display with 256 gray levels is sufficient. This 
range of gray levels, however, must appear linear 
to the eye and as the response of the human eye is 
nonlinear (Hall and Hall, 1977) this nonlinearity 
must be compensated for (gamma correction). 
The Hounsfield scale, however, in contrast to the 
256 available gray levels, may contain 4095 diffe
rent CT numbers which shows that the complete 
Hounsfield scale cannot be visualized as a whole. 
Therefore, the contrast in the CT number scale 
must be enhanced to a level where it can be 
perceived. This can be achieved by imaging only a 
part of the Hounsfield scale and displaying it with 
the full range of available (256) gray levels. This 
technique is called ‘windowing’ technique 
(McCullough, 1980b). CT numbers above the 
selected range are usually displayed as white and 
CT numbers below the selected range are dis
played as black. The mean CT number of the 
selected range is called ‘window level’ and the 
width of the selected range is called ‘window 
width’. The window level is used to select the 
range of CT numbers of the tissue to be displayed 
(low window level for lungs, high window level 
for bone) and the window width is selected 
according to the required degree of contrast en
hancement (a narrow window width gives much 
enhancement and is used to visualize tissues with 
inherently low contrasts such as brain tissue, a 
wide window on the other hand is used for tissues 
with inherently large contrasts such as the tem
poral bone, and a medium window width is used 
for tissues with inherently medium contrasts such 
as the orbit) [Fig. 1-20], It must be realized, 
however, that the window setting may influence 
the apparent size of anatomical details (Koehler 
et al., 1979). A consequence of applying a narrow 
window width for contrast enhacement of low 
contrast details is that it enhances the brightness 
amplitude of the noise as well. This means that 
low contrast details can only be detected when a 
sufficiently high ratio exists between the tissue 
contrast and the amplitude (standard deviation) 
of the noise (signal-to-noise ratio), the ratio of

17



Chapter 1

85 290 1900

-1000 -210 -15

---------------------► CT number

Fig. 1-20. Relationship between the CT-number and the 
gray level in the display of CT images (window setting). Three 
different examples are shown: brain (level 35 H, width 100 H), 
orbit (level 40 H, width 500 H) and temporal bone (level 300 H, 
width 3200 H).

which also depends on the size of the detail under 
consideration, and that this detectability cannot 
be improved by selection of a smaller window 
width (Albrecht and Proper, 1965). In search of 
the perception criterion for low-contrast disc
shaped detail detection, Rose (1948) formulated 
a relationship which can be modified to the 
following equation:

Cd = k. {o/(VA^ )} with Ad = 0.25 jt (Dd)2

(equation 2)

with: Cd

k

Ad
Dd

contrast between just detectable 
detail and background 
constant factor
standard deviation of the noise 
area of the disc-shaped detail 
diameter of the disc-shaped detail 
(ranging between 10 and 100 
minutes of arc)

A similar relationship is found in the use of con
trast-detail curves which describe the relationship 
between the contrast and size of just perceivable 
low contrast details (Cohen and Di Bianca, 1979) 
[Fig. 1-12], The fact that this relationship seems to 
be related more to visual perception than to sys
tem performance has led to some discussion as to

whether contrast-detail curves are a useful way of 
describing low-contrast detail detectability (Ha- 
segawa et ah, 1980, 1982). It was argued that a 
change from 100 to 125 kVp in the X-ray tube 
voltage did not alter the contrast-detail curve, 
while it did change the contrast between detail 
and background in terms of CT number differ
ence. This demonstrates that the contrast-detail 
curves do not take into account how well the 
original contrast between different tissues is pre
served by the CT scanner, such as the contrast 
between gray and white brain matter (Brooks et 
ah, 1980). On the other hand, however, contrast- 
detail curves demonstrate a relationship with 
radiation dose which can be considered as a mea
sure for dose efficiency (which is a system para
meter); for large details the detectability is li
mited by the noise (system parameter) and for 
small details the curve is limited by the spatial 
resolution (which is also a system parameter).

When the CT image is photographed on trans
parent X-ray film (by means of a ‘multi-format 
camera’) there are a number of prerequisites for 
obtaining a good image quality. First of all the 
shutter must be synchronized with the video sig
nal and the image must be focused on the film (flat 
face monitor) (Winter, 1978). Then the contrast 
and brightness of the display CRT should be 
adjusted so that 64 equally distributed gray levels 
are displayed without any saturation effects (this 
means that gray levels at either end of the scale 
must remain distinguishable from one another). 
Then the camera must be adjusted with the help 
of the same 64 gray levels (usually a test pattern 
with 64 boxes of 32x32 pixels each in a 2562 
matrix). This means that on the film the 64 gray 
levels must be distinguishable as well and that 
medium gray has a density of about 1 and max
imum black has a density of about 2. Even when 
during photography the video signal is switched 
from non-interlaced to interlaced, which should 
be the case, the video lines remain visible on the 
photograph. Not only is this disturbing but it also 
results in a nonlinearity of the gray scale (in the 
maximum white areas black lines remain between 
the video lines. Therefore, the camera must be 
equipped with electronics to move the complete 
interlaced image up and down over a distance 
equal to half the line distance in a full frame. Since
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in an image photographed in this manner the 
pixels will appear as squares, it is advisable to 
additionally interpolate the matrix to a 512 ma 
trix (unless of course it is a 512’ matrix being 
photographed in the first place). Remaining non 

■ „i------- ,, r^rirpnentation on fihr

trix (unless of course u is a *“""7 - Science Publishers, Amstcruam < L?ot,
Photographed in the first place). Remaining non- r.H.T., Peters, T.M.: Towards improvements in
linearities in the gray scale representation on film tom0graphy. New Zealand J. Sei., 14 (1971) 883-896.
are to he rnmne.nsated for by an additional gam- Bellon E M Miraldi, F.D., Wiesen, E.J.: Performance

-J ^rvt-ot^Viv crannp.rs usine a
linearities in tue gray scaic 
are to be compensated for by an additional 
ma correction. The processor must be chec e 
regularly to ensure a constant density and gam 
ma, and the camera should be checked regu ar y 
to prevent dust collection on the face of the 
monitor.

1-5 Conclusions
This chapter has provided the frame of referenc 
that forms the starting point for improvement o 
the CT technique in order to make it suitable tor 
high-resolution imaging of clinically relevant e 
tails in the 0.5-1.0 mm range in patient cross 
sections with a diameter below 22 cm. The tec m 
cal changes required for this improvement can 
now be discussed in their relationship to the un 
age quality parameters and to patient positioning 
and radiation dose.
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Chapter 2

TECHNIQUE OF HIGH-RESOLUTION CT

“Only ‘innocent’ practitioners, however, may delude 
themselves that the age of easy radiographic diagnosis 
has arrived”.

Giovanni di Chiro, M. D.*

2.1 Introduction

In the early years of CT, the impact of this tech
nique was mainly based on its ability to detect 
lesions of relatively small contrast (Holman, 
1973; Baker, 1975). However, as the geometries 
°f the scanner designs improved, it was mainly to 
the advantage of the spatial resolution and rela
tively suddenly it was realized that CT could play 
a role in the assessment of complex bony struc- 
tures and their relationship to soft tissue struc
tures; especially in the case of hollow or concave 
spaces within the bone. A good example here is 
that of the spine (Lee et ah, 1978; Roub and 
Grayer, 1979) where CT was introduced in the 
assessment of trauma (Tadmor et ah, 1978), her
niated nucleus pulposis (Williams et al, 1980), 
lumbar spinal canal stenosis (Sheldon et ah, 
1977), sciatica (Carrera et ah, 1980) and in- 
Iracanalicular tumors (Aubin et ah, 1979). Every 
step in the improvement of the spatial resolution 
resulted in the use of the descriptor ‘high-resolu- 
ti°n’. At this moment in time, spatial resolutions 
ut the range between 0.5 and 1 mm (equivalent to 

10 line pairs per cm) are considered to be of the 
high-resolution’ type and when CT scanners 

°Perating in this range became available, the 
Value of CT in the assessment of the temporal

bone, was recognized (Lloyd et ah, 1979; De 
Smedt et ah, 1980; Shaffer et ah, 1980; Littleton 
et ah, 1981). With respect to CT of the orbit, a 
gradual improvement of the image sharpness is 
reflected by a continuous reduction of the re
solved detail size and the associated voxel volume 
reduction from 69 to less than 0.3 mm1 [Fig. 6-2].

In this Chapter we will describe how the tech
nique of high-resolution CT (HR-CT) was refined 
(improvement of spatial resolution and reduction 
of slice thickness) and combined with direct CT in 
different scan planes, thus providing the prereq
uisites for HR-CT of the temporal bone and orbit, 
and we will discuss its relationship to the post
processing techniques of multiplanar reformat
ting and three-dimensional surface illumination 
imaging.

2.2 X-ray pencil beam geometry

We define the X-ray pencil beam geometry as the 
geometry of a narrow beam of X-rays that con
tributes to a single measurement by a single detec
tor element. When speaking of its relationship to 
the spatial resolution, it is important to know that 
the X-ray intensity distribution within the pencil 
beam varies along its path from focal spot to

* In: DI CHIRO, G.: Of CAT and other beasts (editorial). AJR, 122 (1975) 659-661.
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detector, and that it may vary between different 
pencil beams within a profile. Therefore the re
sulting spatial resolution as well as the slice thick
ness may vary with the location within the slice 
under consideration. We will discuss the influ
ence of these variations with respect to the com
mon practice of describing the pencil beam 
geometry and the spatial resolution only in the 
center of the scanner rotation (isocenter), which 
assumes that the spatial resolution in the 
peripheral parts of the scanned slice will be the 
same. On the other hand, positive use can be 
made of the variations within the pencil beams to 
achieve an improvement in the spatial resolution 
(geometric enlargement).

2.2.1 Pencil beam width, divergence and attenu
ation distribution. Under practical circumstances 
we can make the simplification that the radiation 
intensity distribution (Wyckoff et al.,1980) is uni
form within the surface of the projected focal spot 
(projection of the focal spot on a plane perpen
dicular to the central ray of the pencil beam at the 
point where this central ray intersects the anode 
target). We can also assume that the detector

I FWHM

FWHM

FWHM

FWHM

Fig. 2-1. Pencil beam width geometry.
a. Effective beam width geometry. The dashed lines con

nect the points at the FWHM of the attenuation profiles in 
Fig. 2-1 b.

b. Attenuation profiles of an elementary point object as a 
function of its position along the line from focal spot to 
detector aperture.

aperture surface has a uniform X-ray sensitivity 
distribution. On the basis of these assumptions we 
have calculated the radiation intensity distribu
tion of those rays that reach the detector and the 
associated attenuation distribution of an elemen
tary small object point and plotted this distribu
tion in Fig. 2-1 (Blumenfeld and Glover, 1981). 
When the attenuation profiles in Fig. 2-lb are 
considered, it is apparent that the Full Width at 
Half Maximum (FWHM) of the beam profile 
(attenuation profile) is given by the dashed lines 
in Fig. 2-la. We will describe this effective beam 
width bwe as a function of its distance x to the focal 
spot.

bwe = fw{c-x}/c for x fwc/{fw+dw) 

and

bwe = dwx/c for fwc/{fw+dw} s= x =£ c

(equation 3)

with:
fw

c

effective beam width 
focal spot width 
detector aperture width 
focus-detector distance

This means that the effective beam width (sample 
width) is equal to the focal spot width (fw) at the 
focal spot itself (x=0), it then decreases linearly 
and reaches a minimum of fwdw/{fw+dw} at the 
point where the influence of the detector aperture 
becomes dominant (x=fwc/{fw+dw}), it then in
creases linearly to reach a value equal to that of 
the detector aperture width (dw) at the detector 
position (x=c).

When a CT scanner makes use of a fan-shaped 
X-ray beam which comprises a number of sepa
rate pencil beams, it must be noted that it is only 
in the case of a pencil beam in the center of the fan 
that the projected focal spot will have the shape of 
a rectangle. For off-center pencil beams in the fan 
the projected focal spot has the form of a par
allelogram, thus broadening the effective focal 
spot width fwe [Fig. 2-2]. When the effective focal 
spot width is defined to be equal to the FWHM of 
the radiance distribution of the projected focal 
spot (integrated over the projected focal spot 
height), it can be expressed by the following 
equation:
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fwe = fwcosß for ß sS arctan (fw/fd) 

and

fWe = fasinß for ß ^ arctan (fw/fd)

with: fwe = effective focal spot width
fw = focal spot width on the anode 

target
fd = focal spot depth 
f, = focal spot length on the anode 

target

where fd=f]Cosa

(equation 4)

a = anode angle
ß = angle between pencil beam under 

consideration and central ray of 
the X-ray fan

This means that as the pencil beam approaches 
the edge of the fan the effective focal spot width 
increases. When we replace fw in equation 3 by fwe 
of equation 4 we can now determine the area 
within the fanbeam where the effective beam 
width is only determined by the detector aperture 
width [Fig. 2-3d], and we can calculate the effec
tive beam width at every point of the X-ray fan for 
the small as well as for the large focal spot [Fig. 2- 
3ab]. As the large focal spot determines the pencil

beam width completely [Fig. 2-3b] this diagram 
shows that, in high-resolution CT, the use of the 
small focal spot is mandatory.

2.2.2 Pencil beam height, divergence and 
penumbra radiation. The pencil beam geometry 
in the plane along the pencil beam perpendicular 
to the scan plane is shown in Fig. 2-4a. It demon
strates that the combination of focal spot height 
and slice thickness collimator height produces

Fig. 2-2. Relationship between the shape and associated effective width of the projected focal spot and the projection angle, 
jn third and fourth generation scanners the scan plane is perpendicular to the axis of rotation of the anode disk. Note that there 
is a critical projection angle below which the projected focal spot width is determined by the real focal spot width and beyond 
which it is determined by the real focal spot depth.
Projected focal spots are shown in these two cases and for the critical projection angle. For actual focal spot dimensions see 
Table 2 on page 34.
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Fig. 2-3. Effective pencil beam width and sample increment (expressed in mm) distribution within the fan beam for head 
scans (maximum geometric enlargement) and shown within the 32 cm circle of the maximum reconstruction area. X-ray tube 
position is on top.
a. Effective beam width with small focal spot.
b. Effective beam width with large focal spot. This diagram shows that the large focal spot would limit the spatial resolution.
c. Sample increment.
d. Area where the detector aperture defines the effective beam width (hatched area) when using the small focal spot.
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focal spot

slice thickness collimator

attenuation profile at the 
isocenter

penumbra radiation 
scan plane

detector entrance window

Fig. 2-4. Relationship between effective pencil beam 
height and slice thickness.
a. Pencil beam geometry in a plane perpendicular to the 

scan plane. For reasons of clarity the horizontal dimen
sions have been magnified by a factor 100 with respect to 
the vertical dimensions.

b. Effect of the diverging beam on the shape of the scanned 
tissue volume in a scan with incomplete rotation. Only the 
volume scanned by the central pencil beam is shown.

Penumbra radiation which is not assumed to be 
limited by the detector aperture height. If the 
latter does occur, minor deviations of the slice 
thickness collimator blade positions may cause 
discrepancies with the calibration measurements 
and can therefore cause artifacts. The FWHM of 
the radiance distribution in the plane perpendicu
lar to the scan plane, as shown in Fig. 2-4a, always 
diverges towards the detector. The local slice 
thickness at a specific point in the scan plane is 
determined by the beam heights of all pencil 
beams that have interacted with this point thus 
causing local variations (Brooks and Di Chiro, 
1977) which are asymmetrical in the case of in
complete rotation scans [Fig. 2-4b]. The slice 
thickness is therefore defined as the FWHM of 
the attenuation distribution at the isocenter. In 
high-resolution CT it is therefore useful to posi
tion the center of the patient in the isocenter of 
the scanner. Fig. 2-5 demonstrates the variation 
°f a 1.5, 1 and 3 mm slice fan beam height in the 
Tomoscan 310/350 as a function of its position in 
the fan beam. The resulting slice thickness varia
tion is least when the distance from the focal spot

to the slice thickness collimator is greatest, which 
is the reason why the latter is mounted just on the 
inside of the patient aperture ring and does not 
take part in the geometric enlargement transla
tion. Fig. 2-5 shows that the small focal spot 
widens a 1 mm slice thickness to 1.2 mm [Fig. 
2-5c] and that the large focal spot widens a 1.5 mm 
slice thickness to 2.4 mm [Fig. 2-5b], This explains 
why in HR-CT the small focal spot is always used.

2.3 Improvement of spatial resolution

As described in paragraph 1.4.1, the spatial res
olution is mainly determined by the X-ray beam 
geometry (sample width, sample increment and 
view increment), and in addition it can be influ
enced by the choice of convolution filter. We shall 
describe how these parameters can be improved 
to obtain high-resolution scans, and we will dis
cuss the side effects of these improvements.

2.3.1 Edge enhancement. In step 2 of the image 
reconstruction process [Par. 1.2] we mentioned a
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----------- 1.75
■-----------i.00

Fig. 2-5. Effective pencil beam height (expressed in mm) distribution within the fan beam for head scans (maximum
geometric enlargement) with 1.5,1 and 3 mm slice thickness and small and large focal spot size shown within the 32 cm circle 
of the maximum reconstruction area.
a. Eff. beam height with small focal spot (1.5 mm nominal slice thickness).
b. Eff. beam height with large focal spot (1.5 mm nominal slice thickness).
c. Eff. beam height with small focal spot (1 mm nominal slice thickness).
d. Eff. beam height with small focal spot (3 mm nominal slice thickness).

30



Chapter 2

filter process of the line integrals with a suppres
sion of the low spatial frequencies and enhance
ment of the high spatial frequencies. This step is 
necessary to compensate for the progressive 
dampening of the higher spatial frequencies dur
ing the back-projection of step 3. Therefore, in 
step 2, a filter (convolution kernel or filter) is used 
which has the characteristic that the amplification 
factor is proportional to the spatial frequency 
itself (Ramp filter) [Fig. 2-6] until it reaches the 
double sampling frequency (Nyquist frequency). 
It is possible, however, instead of using a Ramp 
filter, to use a filter which overemphasizes the 
mid-range spatial frequencies and thus artificially 
increases the spatial resolution (edge enhance-

— Edge enhancement filter

-----Ramp filter

......Smoothing filter

\___ Nyquist
----------------- ► spatial frequency frequency

^9- 2-6. Different types of convolution filters in relation to 
the Ramp filter.

o
£1
E
13C\—o
A

overshoot phenomenon

\
\

\
\

t
\

\
\
\

original attenuation 
transition

------reconstruction with
a smoothing convolution 
filter

.......reconstruction with
an edge enhancement 
convolution filter

% 2-7. Reconstruction of a contrast edge with different
convolution filters.

Fig. 2-8. Reconstruction of a temporal bone scan with 
different convolution filters. (From: Zonneveld, 1985a)
a. Ramp filter.
b. Edge enhancement filter. Note that the overshoot enhan

ces the ossicles and mimics air in the labyrinth.

ment filter) [Fig. 2-6], The advantage of this 
technique is that it creates sharper edges. Flowev- 
er, the disadvantage is that it incorporates an 
overshoot phenomenon [Fig. 2-7] which may 
mask soft tissue details, giving them an appear
ance mimicking that of air [Fig. 2-8b],

2.3.2 Geometric enlargement. Geometric en
largement or magnification is based on the use of 
the diverging geometry of X-rays to obtain an 
enlarged image when the object (patient) is 
brought closer to the X-ray source, and as such 
this technique has been applied in radiology (at 
that time mainly fluoroscopy) for quite some time 
(Burger et ah, 1946). A prerequisite for direct 
magnification radiology is that it is the detector 
which limits the spatial resolution, and not the 
focal spot size, and that the detector is sensitive 
enough in comparison to the radiation output of 
the focal spot (Botden, 1962). The use of small 
focal spots led to direct magnification techniques 
in combination with image intensifier tubes (Fed- 
dema and Botden, 1965), and the introduction of 
the ‘micro-focal-spot’ tube (Milne and Roeck, 
1975) led to the use of direct radiographic mag-
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0.8-----

Fig. 2-9. Effective pencil beam width and sample increment (expressed in mm) as a function of the position in the fan beam 
for body scans (minimum geometric enlargement) and shown within the 48 cm circle of the maximum reconstruction area, 
a. Effective beam width with large focal spot. b. Sample increment.

1 maximum reconstruction area 
(512 det/diam 320 mm) at maximum 
geometric enlargement.

minimum enlargement 
X-ray tube position

2 scanned area (576 det/diam 360 mm) 
at maximum geometric enlargement. fan angle (43.2°)

3 maximum reconstruction area 
(512 det/diam 480 mm) at minimum 
geometric enlargement. maximum enlargement 

X-ray tube position
4 scanned area (576 det/diam 540 mm) 

at minimum geometric enlargement. /

5 patient aperture ring /
(diam 560 mm). /

isocenter

Fig. 2-10. Relationship between scanned area, reconstruction area and patient aperture in the two extreme positions of 
geometric enlargement.
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nification in skeletal radiology (Genant et al., 
1977). There are, as we shall see, a number of 
good reasons to apply this technique in CT as 
well, especially in the third generation CT scan
ner, which appeared to have the optimal geome
try for it (Zonneveld, 1979). The technique of 
geometric enlargement was also introduced inde
pendently in CT by Toshiba (Saito, 1978).

In CT, geometric enlargement means that the 
X-ray tube and detector array in the scanner are 
mounted on a single yoke, with the possibility of 
translating the yoke along the line which connects 
the focal spot with the isocenter and immobilizing 
the yoke prior to scanning in one of a number of 
possible positions along its translation range. As a 
result, the beam width and sample increment can 
be varied together [Figs. 2-3, 2-9] and the spatial 
resolution of the scan can be varied accordingly. 
Or, in other words, scanned areas with different 
diameters can be scanned using the same number 
of detectors, thus resulting in a higher spatial 
resolution when a smaller diameter is scanned. As 
described in paragraph 2.2.1, the area within the 
fan beam, where the pencil beam width is deter
mined by the detector aperture width, can be 
determined (hatched area in Fig. 2-3d). This 
shows that the X-ray tube could be moved closer 
to the patient as long as the patient remains inside 
the hatched area of Fig. 2-3d and, as this area is 
larger when a small focal spot is used, we designed 
the Tomoscan 300/310/350 with a variable focus- 
tsocenter distance in the range between 486.6 and 
730 mm, thus providing a scanned area diameter 
range between 360 and 540 mm [Fig. 2-10],

The use of a small focal spot created a limita
tion of the tube current (200 mA) which was 
compensated for, however, by the fact that bring
ing the tube closer to the patient while keeping 
the slice thickness at a fixed value created an 
increase of the solid angle of X-rays allowed to 
Pass through the slice thickness collimator for that 
given slice thickness, in spite of the fact that the 
slice collimator height itself had to be reduced at 
the same time [Fig. 2-11]. As the detector aper
ture height was designed to accept this increased 
nngle, the result is a higher signal at the same tube 
current, or as we prefer to say: a sufficient signal 
at a low tube current, which, in turn, allows for 
scanning continuously without the tube overload-

angle of X-ray beam used 
at minimum enlargement

collimator position 
at maximum enlargement

collimator position 
at minimum enlargement

angle of X-ray beam used 
at maximum enlargement

scan plane

desired slice thickness 
at isocenter

Fig. 2-11. Relationship between the solid angle of X-rays 
used for a given slice thickness and the geometric enlarge
ment position.

ing problems which do occur in scanner designs 
without geometric enlargement.

Table 2 gives a survey of the geometry of the 
Tomoscan 310/350 and compares the high resolu
tion mode (when geometric enlargement is used) 
with the ‘large body’ mode.

2.3.3 Scanner generations and X-ray geometry.
In different generations of CT scanners there is 
not always a free choice of the geometrical param
eters mentioned above. This is summarized in 
Table 3.

The first high-resolution scans were made with 
a second generation CT scanner. The beam width 
was reduced by using narrow beam collimators 
and by reduction of the sample increment transla
tion steps (De Smedt et al., 1980). In the third- 
generation scanner with a fixed geometry, high- 
resolution scans can only be made with a scanner
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Parameter Max. enlargement Min.enlargemen

Focus-isocenter dist. 486.6 mm 730 mm
Focus-detector dist. 1160 mm 1160 mm
Scanned area diameter 360 mm 540 mm
Fan angle 43.2° 43.2°
Focal spot width (fw) 0.8 mm 2.1 mm
Focal spot height (fh) 0.65 mm 1.3 mm
Focus-collimator dist. 170.6 mm 414 mm
Beam width at isoctr. 0.49 mm 0.78 mm
Spatial resolution 0.6 mm 0.9 mm
Det. aperture width 1.17mm 1.17 mm
Capture efficiency 77.1 % 77.1 %
Detection efficiency 60 % 60 %
Overall efficiency 46.3 % 46.3 %
No. of detectors 576 576
No. simultaneous mea-
surements to cover 384* 512
FOV (FOV=24 cm) (FOV=48 cm)
No. measurements/
det. 1200 600
No. measurements/ 0.46 million 0.31 million
scan (for FOV=24 cm) (for FOV=48 cm)
Total No. measure-
ments/scan 0.69 million 0.35 million

Table 2. Geometric parameters related to the two extreme 
positions of the geometric enlargement in the Tomoscan 
310/350.

* not applicable to target scans

design which has a sufficiently large number of 
detectors to scan a given scanned area (i.e. 400 
detectors to scan a field of 24 cm, which means 
800 detectors to scan 48 cm for body scans; if all 
detectors have the same size). The Tomoscan 310/ 
350, which was used for this study, is of the third 
generation type with geometric enlargement. 
This means that it can scan an area with a diame
ter of 24 cm with 384 detectors, but it needs only

SCANNER GENERATION 
First SecondThird A Third B Fourth

Scanner type EMI EMI Sie- Philips Picker
example Markl 5005 mens

DRH
T310/
350

1200
SX

Sample width F* F* F* V F*
Sample increment V V F V V
View increment V F V V F

Table 3. Variability of the geometrical parameters deter
mining spatial resolution in different scanner generations.
V = Variable without hardware modifications 
F = Fixed geometry by design

Can be made variable by automatic exchange of 
detector aperture limiting devices 

Third A = Third generation with fixed geometry 
Third B = Third generation with geometric enlargement

512 instead of 768 detectors to scan 48 cm (see 
par. 2.3.2 for specific details on the principle of 
geometric enlargement). In the fourth generation 
the detector positions are fixed. This means that 
the sample increment can be reduced by reduc
tion of the tube rotation increment between 
measurements. However, the beam width can 
only be reduced by narrowing down the detector 
aperture width by means of special collimators 
(Peters, 1981) or by the use of more detectors. 
The first possibility, which was used in the early 
fourth generation scanners, has the disadvantage 
that a percentage of the X-rays that have already 
passed the patient are not accepted by the detec
tor. The second possibility requires a design with 
a high number of detectors.

Parameter EMI 7070 Picker 1200SX

Focus-isocenter dist. 665 mm 640 mm
Focus-detector dist. 1080 mm 1490 mm
Scanned area diameter 500 mm 480 mm
Fan angle 44.05o 44.16o

Focal spot size (wxh) 0.8 or 1.6x1.6 mm 0.7 or 1.4x1.4 mm
Focus-collimator dist. ±330 mm 330 mm
Beam width at isoctr. 1.15mm 0.95 mm
Spatial resolution 0.75 mm 0.5 mm
Capture efficiency 78 % 49.4 %
Detection efficiency 95 % 95 %
Overall efficiency 74.1 % 46.9 %
Total No. measm./scan 1.39 million 1.23 million

24 cm FOV HIGH RESOLUTION
required available required available

No. detectors 1591 1088 2274 1200
No. simultaneous
measurements to cover
FOV 240 164 239 126
No. measurements/det. 725 589 505 504
No. measurements/ 1.15 0.64 1.15 0.60
scan xIO6 xIO6 xIO6 x106

48 cm FOV BODY MODE
required available required available

No. detectors 1004 1088 1751 1200
No. simultaneous
measurements to cover
FOV 315 341 374 256
No. measurements/ 1506 1223 1025 1024
det.
No. measurements/ 1.51 1.33 1.80 1.23
scan xIO6 xIO6 xIO6 xIO6

Table 4. Geometric parameters of two different types of 
fourth generation scanners compared with the calculated 
parameters required to yield the same spatial resolution as 
the Tomoscan 310/350 [Table 2] at the same overall efficien
cy and measurement time.

34



Chapter 2

We have considered two different types of fourth 
generation CT scanners (EMI 7070 and Picker 
1200SX) and calculated how many detectors and 
how many measurements are required in order to 
provide the same spatial resolution as that of the 
Tomoscan 310/350, given that these detectors also 
have the same overall efficiency (product of cap
ture efficiency and detection efficiency) as those

of the Tomoscan 310/350 (46.25 %), and these 
figures are compared with the actual design [Fig. 
2-12]. In the calculation of the number of mea
surements we have assumed the same integration 
time per measurement as in the Tomoscan 310/ 
350 (2 ms) as well as the same scan time. Table 4 
gives the result of this comparison together with 
the original parameters of the scanner geometry.

scan plane 
nutating detector ring

detector ring 
central ray 
focus trajectory

Fi9- 2-12. Geometries of two different types of fourth generation CT scanners (EMI 7070 nutating ring design with X-ray tube 
rotating outside the detector ring (a, b) and Picker 1200SX classic design with X-ray tube rotating inside the detector ring (c, d). 
a- Front view of the nutating ring geometry, 
h- Side view of the nutating ring geometry. 
c- Front view of classic 4th generation geometry, 
d Side view of classic 4th generation geometry.
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2.3.4 Macro View reconstruction. Macro View 
reconstruction is a reconstruction technique 
which allows the spatial resolution to be improved 
by the order of 25% without changing the scan 
geometry. In standard reconstructions each pro
file, after filtering, is back-projected across the 
image. This means that an interpolation must 
take place between neighboring measurements in 
order to calculate the contribution to a given pixel 
[Fig. 2-13a]. This can be performed in a ‘pipeline’ 
process which means that each profile of meas
urements can be processed directly after it has 
been recorded. This allows for direct processing

of divergent profiles (Flerman et al., 1976). In the 
Macro View technique, however, the divergent 
profiles are first reordered into parallel profiles 
and then the filtered parallel profiles with oppo
site directions are interwoven, resulting in half 
the number of (parallel) profiles each with twice 
the number of measurements at half the spacing 
(sample increment) as the original parallel pro
files (Op de Beek and Lobregt, 1985). When the 
interwoven profiles are used for the backprojec- 
tion the above mentioned interpolations now take 
place over distances half as large as in the stand
ard reconstruction [Fig. 2-13b]. In this case the

Fig. 2-13. Comparison of the standard reconstruction geometry with the MacroView reconstruction geometry. To make a 
more direct comparison possible the fan shaped profiles have been resorted into parallel ones, also in the case of the standard 
reconstruction, which is not really necessary. (From: Zonneveld, 1985a)
a. Standard reconstruction. Only measurements in one direction contribute to a pixel. This allows for a ‘pipeline’ type of 

reconstruction process.
b. MacroView reconstruction. Measurements in both directions contribute to a pixel. This makes resorting of the fan profiles 

into parallel profiles mandatory, but reduces the interpolation distances during backprojection, thus resulting in improved 
resolution.
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backprojection is nonequidistant (Deckers and 
Op de Beek, 1985). The interweaving technique 
is possible by placing the center of the detector 
array not exactly between detector 288 and 289 
but at a quarter of this detector pitch from detec
tor 288. This quarter detector offset maneuver 
bas already been implemented in the standard 
reconstruction to avoid recording exactly the 
same measurements during the second half of the 
scan as those recorded during the first half and 
thus avoid aliasing. Table 5 demonstrates the 
differences between standard and Macro View re
constructions.

Parameter Standard MacroView
reconstr. reconstr.

^ax-spat, resolution 0.6 mm 0.5 mm
Stand, dev. noise 8.0 H 14.8H
Pff- scanned area diam. 360 mm 180 mm
Max. reconstr. area d. 320 mm 160 mm

Table 5. Comparison of imaging Parameter® 
standard and a MacroView reconstruction (a 
geometric enlargement).

Tip. 2-14. Comparison between a standard and a Macro- 
“'ew reconstruction. Scan in the axio-petrosal plane at the 
evel of the incus. (From: Zonneveld, 1985a) 
a- Standard.
b- MacroView. This scan clearly shows the chorda tympam 

in cross-section (white arrow head) between the long 
process of the incus and the tympanic membrane.
Also note the superior ligament of the incus.

The application of MacroView reconstructions 
is useful when isolated small details are to be 
imaged, such as the stapes or the chorda tympani 
nerve [Figs. 2-14 and 4-14].

2.4 Reduction of partial volume 
averaging

Slice thickness plays a major part in determining 
the quality of the CT image, both in direct single 
scans as well as in multiplanar reformatting [Par.
2.5.1]. This paragraph describes the relationships 
between slice thickness, image noise, radiation 
dose, partial volume artifacts and the sharpness of 
the image. It will become clear that an increase of 
slice thickness will produce decreased image 
sharpness and decreased tissue contrast and 
causes an increase of partial volume artifacts, 
while a slice thickness reduction will reduce the 
contrast-to-noise ratio due to the reduction of the 
signal. This will reduce the contrast resolution 
and in severe cases it can produce artifacts. How
ever, when applied under the correct circumstan
ces, a thin slice thickness can produce a very 
detailed image which will be the basis for high- 
resolution CT suitable for application in the tem
poral bone and orbit.

2.4.1 Improvement of image sharpness. To illus
trate the improvement of the image sharpness as a 
result of the reduction of the slice thickness, we 
have built a phantom containing plexiglass (Poly 
Methyl Meta-Acrylate) spheres of different sizes 
embedded in foam. Table 6 gives a survey of the 
diameters used and their positions.

Sphere Sphere size Rel. contrast in sphere center 
position 1.5 3.0 6.0 9.0 12 mm SI

Center 3/4" = 19 mm 100 100 100 100 100%
South 1/2" =12.5mm100 100 100 100 93%
South-west 3/8" = 9.5 mm 100 100 100 96 74%
West 5/16"= 8 mm 100 100 98 83 61 %
North-west 1/4" = 6.5 mm 100 100 93 64 47%
North 3/16"= 5 mm 100 100 75 47 34%
North-east 1/8" = 3 mm 100 91 48 31 21 %
North-east 1/25"= 1 mm 77 32 16 7 3%

Table 6. Position, diameter and contrast of PMMA spheres 
that demonstrate the influence of slice thickness (1.5 to 12 
mm) upon image sharpness and detail contrast [Fig. 2-15],
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Fig. 2-15. Contrast reduction by partial volume averaging as a function of detail size is demonstrated with the help of a 
phantom containing plexiglass spheres ranging in diameter from 1 to 19 mm. Especially in the small spheres the contrast 
reduces rapidly as the slice thickness of the scan increases [Table 6], (From: Zonneveld and Vijverberg, 1984) 
a. 1.5 mm slice. b. 3 mm slice. c. 6 mm slice. d. 9 mm slice. e. 12 mm slice.

This phantom was scanned with slice thicknesses 
ranging from 1.5 to 12 mm. Table 6 demonstrates 
that the contrast between the smaller spheres and 
the background decreases as the slice thickness 
increases. In addition to this phenomenon the 
boundaries of the larger spheres become more 
and more blurred. This is better shown in Fig. 2-

16 where a comparison is made between the 
boundary of a 12.5 mm sphere scanned with a 1.5 
and a 12 mm slice thickness. Fig. 2-16a shows 
practically no partial volume averaging, resulting 
in a sharp boundary between the sphere and the 
surrounding foam. Even density variations within 
the sphere become apparent. Fig. 2-16b shows

Fig. 2-16. Zoomed image of a half-inch (12.5 mm) plexiglass sphere. An attenuation profile is plotted along a line through the 
center of the sphere.
(From: Zonneveld and Vijverberg, 1984)
a. Scan with 1.5 mm slice thickness, showing a sharp outline of the sphere.
b. Scan with 12 mm slice thickness. The partial volume averaging results in a blurred outline between the sphere and the 

surrounding foam.
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f'9- 2-17. Influence of slice thickness on clinical image 
Quality in a case of a hyperostotic meningioma. (Intravenous 
contrast has been administrated).
a- 3 mm scan shows only gross bone thickening and soft 

tissue involvement.
b- 1.5 mm scan shows sharp image with characteristic 

irregular contour of the hyperostosis and improved soft 
tissue delineation.

severe partial volume averaging, as the slice 
thickness approaches the diameter of the sphere, 
resulting in a blurred boundary between the 
sphere and the surrounding foam.

Chakeres (1984) has simulated the effect of 
Partial volume averaging on a cadaver temporal 
bone and metal stapes prostheses and found the 
Use of a thin slice thickness so important that he 
"'Quid prefer it to be smaller than 1 mm. When we 
saw the effect in the clinical situation (patients 
that have had two different kinds of examinations 
lr> one session) we had direct proof of how much 
sharper the 1.5 mm scans were in comparison to 
the 3 mm scans [Fig. 2-17] (see also comparison 
whh multiplanar reformatting in paragraph 2.7).

2-4.2 Radiation dose and noise. When the tube 
Current and exposure time (the product of which 
ls known as mAs-value) are kept the same, the 
noise will increase as the slice thickness is re
duced. This is due to the reduced number of 
Photons passing through the slice thickness col- 
hmator, thus reducing the signal. Equation 1 
demonstrates that a reduction in slice thickness of

a factor of two results in an increase of the stand
ard deviation of the noise by a factor of \[2 To 
compensate for this increase by using a smoothing 
convolution kernel makes no sense as this blurs 
the image, while we need a sharp image. It can 
therefore be compensated for by applying a high
er radiation dose. A skin dose increase of a fac
tor of two will reduce the noise by a factor of \2 
(Equation 1). However, when the contrast be
tween the tissues of interest in the image is much 
larger than the noise, then there is no need to 
reduce the noise. So, the basic requirement is that 
given a complex anatomic structure which needs 
high-resolution CT in order to be imaged, the 
structure must have sufficient inherent contrast 
(10% or more); in combination with a sufficiently 
small patient diameter (22 cm or less) to result in a 
sufficiently low noise level (1% or less) and a 
sufficiently low patient dose (50 mGy peak dose 
in a single scan or less) when scanned with a thin 
slice thickness such as 1.5 mm. At the same time 
the mAs figure for that scan must be low enough 
not to cause overheating of the X-ray tube. This is 
a compromise, especially for the orbit. We know 
that a 3 mm slice thickness is generally used in the 
orbit, but, after making the comparison, it is 
obvious that 1.5 mm is the best choice in the ma
jority of the cases. The inherent tissue contrast in 
the orbit is that between muscle or nerve tissue 
and fat tissue. This is in the order of 130-150 H. 
The standard deviation of the noise in the scan is 8 
H. This is the result of combining the maximum 
tube current of 200 mA with a 9.6 second scan
time (exposure time 2.4 s) resulting in a 480 mAs 
scan. The patient diameter is relatively small 
(average attenuation factor of 15). The resulting 8 
H standard deviation of the noise is less than 10% 
of the tissue contrast, which is a very acceptable 
situation. In CT of the temporal bone this situa
tion is even more favorable because of the higher 
tissue contrast. We have measured the patient 
radiation dose to the eye lens with the help of an 
anthropomorphic phantom in a situation of 9 
transverse scans at 3 mm increments with the 
center slice of this series positioned on the eye 
lens, resulting in a peak eye lens dose of 30 mGy 
(3 Rad) (Wyckoff et ah, 1976) which, in compari
son to other X-ray examinations of the orbit (CT 
and pluridirectional tomography) (McCullough
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and Payne, 1978; Frey et al., 1979) we feel is 
acceptable (Chan and Shukovsky, 1976; Littleton 
et ah, 1978; Webster, 1981). In the case of the 
temporal bone, where we use consecutive scans 
the peak skin dose becomes 80 mGy (8 Rad), 
which for equivalent reasons we feel is accept
able, especially when we keep in mind that, if the 
patient is positioned and instructed properly and 
the examination is started at the correct level, the 
eye lenses remain outside the directly irradiated 
volume of tissue.

When a body scan is considered, the attenua
tion factor is much larger (more than 1000). This 
produces the hazard that the noise is so large in 
comparison to the signal that, when the detector 
signal variation due to the noise happens to be 
negative, the signal approaches zero causing an 
extremely high attenuation value. The result is a 
streak artifact (‘frozen’ noise) in the direction of 
the highest attenuation [Fig. 1-18]. When the 
patient diameter is small enough but the inherent 
tissue contrast is too low, as in the brain, a small 
slice thickness cannot be used either [Fig. 2-18] 
(except when intrathecal contrast medium is ap
plied).

Table 7 makes a comparison between different 
scanner types and shows that the Tomoscan 310/

350 has a much larger solid angle of X-rays avail
able than other scanner designs.

Scanner type Solid angle of Relative to Tomo-
X-rays used for scan 310/350
24cm scanned area

Tomoscan 310 0.00153 st.radian 100 %
GE9800 0.00091 st.radian 59.5 %
Picker 1200SX 0.00088 st.radian 57.5 %
EMI 7070 0.00082 st.radian 53.6 %
Siemens Somatom
DR3 0.00063 st.radian 41.2 %
CGRCE10000 0.00063 st.radian 41.2%
GE8800 0.00059 st.radian 38.6 %

Table 7. Comparison of the solid angle of X-rays required to 
scan a 24 cm scanned area with a 1.5 mm slice thickness.The 
Tomoscan 310/350 makes use of maximum geometric en
largement.

2.4.3 Partial volume artifacts. This artifact has 
already been described in paragraphs 1.4.2 and
1.4.4 in a qualitative manner. Here we would like 
to study the quantitative aspects. We have 
scanned a skull with different slice thicknesses 
[Fig. 2-19]. We have also measured the amplitude 
of the artifact (difference between the minimum 
CT number in the artifact and the mean CT 
number of the normal brain tissue) as a function 
of the slice thickness [Table 8].

Fig. 2-18. Brain scan with 1.5 mm slice thickness showing too much noise.

Fig. 2-19. Partial volume artifact shown in a cadaver study with different slice thickness from 12 (a) to 1.5 (f) mm (See Table 8). 
a. 12 mm slice b. 9 mm slice c. 6 mm slice d. 4.5 mm slice e. 3 mm slice f. 1.5 mm slice
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Slice thickness Maximum artifact amplitude
absolute CT number relative CT number

12 mm
difference difference
85 H 8.48 %

9 mm 97 H 9.58 %
6 mm 76 H 6.75 %
4.5 mm 64 H 6.34 %
3 mm 74 H 7.33 %
1.5 mm 84 H 8.34 %

Table 8. Amplitude of the partial volume artifact as a func
tion of slice thickness (cadaver study) [Fig. 2-19].

This shows that the local anatomy determines the 
severity of the artifact. There is no tendency for 
the artifact amplitude to decrease with a smaller 
shce thickness, which is due to the presence of 
bone-air interfaces at all different levels and can 
therefore not be avoided by a thinner slice. How
ler, visually the artifact appears to be most 
severe in thick slices [Fig. 2-19ab] which is prob- 
&bly due to the higher noise level in the thin slices.

2 • 5 Image plane orientation

There has always been a need in tomographic 
imaging modalities to have the freedom to make 
the cross-sectional images in different planes. In 
the case of pluridirectional tomography, in addi
tion to coronal and sagittal images, transverse 
images were needed (Takahashi, 1969). In the 
Same manner in CT, in addition to the transverse 
images, coronal and sagittal ones are needed. In 
radiology of complex structures of the head this 
applies as well to many obliquely oriented planes 
(Korach and Vignaud, 1981). There are basically 
two reasons for cross-sectional imaging in differ- 
ent planes. The first reason is a diagnostic one: 
the pathology can only be recognized in a specific 
Plane. The second one is a cognitive one and has 
usually more to do with the therapeutic conse
quences: the impact of the diagnosis becomes 
clear at the sight of one single image representing 
a specific cross-sectional plane. Even if the latter 
does not apply to the radiologist, it generally does 
aPply to the referring physician (Hamlin and 
^urgener, 1982) and can therefore greatly facili- 
tate the communication between them. In this 
Paragraph we shall discuss multiplanar reformat- 
hug (a method to extract images in other planes

from a stack of transverse slices) versus direct 
scanning as separate entities with their own ad
vantages and disadvantages.

2.5.1 Multiplanar reformatting. The technique 
of multiplanar reformatting was introduced in
1975 (Glenn et ah, 1975ab) after preliminary 
studies at Georgetown University in Washington 
DC. As the minimum slice thickness at that time 
was 8 mm, a special technique of taking overlap
ping slices at 1 mm increments combined with a 
deconvolution method was advocated to obtain 
the thin slices needed for the multiplanar refor
matting (MPR) operation. The disadvantage of 
this method was that the maximum skin dose of 25 
mGy (2.5 Rad) could now reach 200 mGy (20 
Rad). Later on, as the slice thickness reduced, the 
deconvolution was no longer necessary, and stan
dard consecutive or overlapping scans were used 
for MPR (Schulz et ah, 1977). The MPR tech
nique was also introduced for body scans (Jelden 
et ah, 1977). First only orthogonal planes could 
be reconstructed, then para-axial oblique planes, 
then true oblique planes (Peters, 1980; Rhodes et 
ah, 1980) and finally curved (‘curvilinear’) planes 
(Rothman et ah, 1984). MPR finally got its widest 
use in examinations of the spine (Glenn et ah, 
1979). Study of the image quality of MPR indi
cated that the slice thickness and the interpolation 
method severely impaired the image quality 
[Fig. 6-40abcd]. The best results were obtained 
with 1.5 mm contiguous scanning and reconstruc
tion of a MPR slice thickness of 3 to 5 pixels 
(Johnson and Korobkin, 1982).

MPR requires complete immobilization and 
cooperation of the patient in order to prevent 
misregistration artifacts [Fig. 6-41a],

2.5.2 Direct multiplanar scanning. The first 
attempts to scan the patient directly in a plane 
other than the transverse plane were reported in
1976 (Wolf et ah, 1976; Hammerschlag et ah,
1976). This related to brain scans in the coronal 
plane. Independently, coronal CT of the head 
had been developed by Hitachi (called ‘vertical 
axial scanning’) which was performed in a sitting 
position [Fig. 2-20] (Sadamoto, 1976).

Although the positioning techniques varied 
considerably, direct coronal CT of the head was
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scan plane

patient
aperture

scanning — 
gantry cover

Fig. 2-20. The coronal position for ‘vertical axial scanning’ 
developed by Sadamoto (1976).
A torus-shaped water bag allowed the patient to breathe 
normally.

quickly adopted as a routine procedure (Nakaga- 
wa and Wolf, 1977; Byrd et al., 1977; Wolfman 
and Boehnke, 1978).

In 1978 the first attempts at direct sagittal CT of 
the head (Anderson, 1978) and of the pelvis 
(Osborn and Anderson, 1978) were published 
and direct coronal scans of the abdomen followed 
in 1979 (Anderson and Koehler, 1979). The sagit
tal scans of the head (Osborn and Anderson,
1978) were performed in the supine position with 
one arm through the patient aperture, resulting in 
streak artifacts from the shoulder. Although not 
mentioned as such in their publication, it appears 
that Mondello and Savin (1979) solved this prob
lem on the Pfizer 200FS scanner by positioning 
the patient in a semi-prone/semi-decubitus posi
tion with the head extended and rotated side
ways. Bliimm devised a similar positioning 
technique for the Tomoscan 300 (Bluemm, 1982) 
but had more positioning flexibility with the wider 
patient aperture cone. For direct coronal CT of 
the body, in addition to the lateral decubitus

position, Veiga-Pires and Kaiser (1982) intro
duced a sitting position which was later on im
proved by the use of a special patient accessory 
(van Waes and Zonneveld, 1982) which was 
adapted for different scanner designs (Lee et al., 
1982; Goldberg et al., 1984). Even direct sagittal 
CT of the abdomen became a routine procedure 
(Feldberg, 1983).

As explained in paragraph 2.5 there is a diag
nostic and a cognitive reason for CT imaging in 
different planes. A direct CT scan in another 
plane has the advantage of increasing the diagnos
tic value, as compared to a transverse scan, by its 
capability to sharply outline a tissue interface that 
happens to be parallel to the transverse plane. 
This is especially the case when the scan is per
formed perpendicular to this tissue interface or 
another thin anatomical structure. The reason for 
this is that the perpendicular scan does not suffer 
from the partial volume averaging effect, as the 
narrow voxels are now parallel to the tissue inter
face under investigation [Fig. 2-21], We call this 
‘transverse visualization’. Transverse visualiza
tion is also very helpful in the visualization of thin 
tubular or filiform structures. The cognitive value 
of a direct scan is emphasized when an elongated 
or tubular structure is visualized in one plane. We 
call this ‘longitudinal visualization’ [Fig. 2-22c], 
Direct multiplanar CT has become possible by 
combining a scanner with a sufficient amount of 
space in and directly next to the patient aperture 
(Tomoscan 300/310/350) with a number of dedi
cated patient positioning techniques.

2.6 3-D surface illumination imaging

Three-dimensional surface illumination imaging 
is a relatively new post-processing technique in 
CT (Udupa, 1983) although the idea behind it has 
already existed for some years (Glenn et al., 
1975a). The technique stems from the science of 
computer graphics (Newman and Sproull, 1973; 
Rogers, 1985; Amanatides, 1987) in combination 
with the development of rapid (real time) parallel 
digital image processing techniques (Onoe et al., 
1981). The application areas have not yet been 
completely defined (d’Agincourt and Hess, 1985) 
although there is a definite trend in the direction

42



Chapter 2

tissue
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%■ 2-21. Visualization of a plate-like tissue interface or membrane, such as the tympanic membrane, which is thinner than 
the slice thickness itself.
(From: Zonneveld, 1985a)
a- Scan is made perpendicular to the tissue interface which is the technique of choice. 
b- The scan traverses the tissue interface obliquely which reduces its contrast (partial volume). 
c- The scan is parallel to the tissue interface which renders it almost invisible.

%• 2-22. Visualization of a cylindrical structure that is slightly thicker than the slice thickness of the scan, such as the facial 
herve canal.
(From: Zonneveld, 1985a)
a- The scan is made perpendicular to the structure which provides transverse visualization, 
b- The scan plane traverses the structure obliquely. This does not yield a useful image. 
c- The scan is made parallel to the structure which provides longitudinal visualization.

°f craniofacial surgical planning (Hemmy et al., 
1983; Vannier et al., 1984; Zonneveld et al., 
1987) as well as in orthopedic surgery (Woolson et 
al-, 1985; Sartoris et al., 1986; Zonneveld et al., 
1987).

The term 3-D is very general and requires a 
tttore specific description. In the perception of a 
real three-dimensional object there are a number 
°f monocular and binocular cues that give the 
observer the impression of looking at a real three

dimensional object. The monocular cues can be 
divided into static (artificial and natural) (Linke,
1984) and dynamic cues. The artificial static cues 
are elevation contours as in topographic maps, a 
coordinate grid projected onto the surface of the 
object, and intersection lines of the object with a 
set of parallel equidistant planes. The natural 
monocular static cues are shading, shadow, per
spective, loss of contrast in the distance (as in a 
haze), opacity or transparency of the object, sur
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face reflectiveness and highlighting of polished 
surfaces and texture variation with depth. The 
dynamic monocular cues are increase in size when 
the object approaches the observer, observer mo
tion and object motion parallax. The binocular 
depth cues are accommodation and converging of 
the eyes, and stereopsis. In the latter case, simul
taneous or alternating observation of different 
images by the two eyes can be interpreted by the 
brain as belonging to the same three-dimensional 
object. In the science of computer graphics many 
of these cues have been artificially created to 
simulate the perception of three-dimensional ob
jects. Some of these, like motion parallax 
(Johansson, 1973) or stereopsis (Lipton and Mey
er, 1984; Herman et al., 1985; Hodges and 
McAllister, 1985) or the combination of these 
(Anderson et ah, 1982) require special display 
technologies (Rawson, 1969; Roese and Turner, 
1976; Yani et ah, 1985; Goldwasser et ah,
1985).When these special display techniques are 
not available or difficult to use in printed mate
rial, it appears that the monocular static cue of 
shading is a very powerful one and has therefore 
been frequently applied. It is generally referred to 
as ‘shaded graphics’ or ‘surface shading’ (Herman 
and Liu, 1979; Chen et ah, 1985).

The basis for three-dimensional imaging is a
3-D image matrix which, in our case, contains CT 
numbers. The volume elements of this matrix 
(voxels) should ideally be cubic. This means a 
slice increment equal to the pixel size. In practice 
this is difficult to obtain. We have therefore cho

sen 1.5 mm consecutive slices rendering a voxel 
height-to-width ratio of 3.2 in the orbit (FOV 120 
mm) and 4.8 in the temporal bone (FOV 80 mm). 
We have made shaded graphics images by making 
use of the CEMAX-1000 (CEMAX Inc., Santa 
Clara, CA, U.S.A.) and by a cuberille-based 
experimental software package on a VAX-750 
computer (Lobregt and Kleine Schaars, 1987). In 
this system the contours of tissue interfaces are 
detected (segmentation) in each CT scan and 
together they form a smooth surface which is 
displayed as an illuminated surface in 3-D space. 
This process can be repeated for different types of 
tissue interfaces (soft tissue/air, bone/soft tissue, 
muscle/subcutaneous fat etc.) and, as a result, 
different types of tissues can be combined in one 
image, e.g. by displaying one type of tissue in 
black and white and another type of tissue in a 
heated object scale (white-yellow-orange-light 
red-dark red). Segmentation of soft tissues is 
difficult due to the lower contrasts, and often the 
contours need to be corrected manually (contour 
editing). We have first performed a cadaver study 
(1 mm slice thickness and 0.5 mm incrementa
tion) and reconstructed the orbit in its bony and 
its soft tissue morphology [Fig. 2-23] and the 
temporal bone in terms of its external aspect and 
in terms of the ossicles combined with the en- 
dolymph- and perilymph-filled spaces of the laby
rinth, the internal auditory canal and the cochlear 
aqueduct [Fig. 2-24]. In these 3-D reconstructions 
the voxel height-to-width ratio was more favor
able [Par. 2.13].

Fig. 2-23. 3-D reconstruction of a cadaver orbit based on 86 1 mm CT scans at 0.5 mm increments.
a. Anterior aspect of the right bony orbit.
b. Soft tissue reconstructions of the globe, optic nerve, lacrimal gland and extraocular muscles. For the soft tissue 

segmentation use has been made of the inherent contrast with the orbital fat tissue. See Figs. 7-48 and 7-49 for in-vivo 3-D.
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b. c. d.

%• 2-24. 3-D reconstruction of a cadaver temporal bone based on 80 1 mm scans at 0.5 mm increments. 
a- Lateral aspect of the right temporal bone.
bed. Three views of the combination of ossicles and the labyrinth with the internal acoustic meatus canal and the cochlear 

aqueduct. The coarseness of the manual editing gave the cochlear aqueduct and the descending part of the facial canal 
a blocky appearance.

2-7 Trade-off considerations

The previous paragraphs have shown that there 
are a wide variety of scan parameters (technique 
factors) which can be combined with a wide varie- 
fy of patient positions. There are pros and cons 
for each procedure, and the reason for scanning 
the patient can be a diagnostic one (initial or 
differential diagnosis) or it can be a therapeutic 
°ne (radiation therapy planning, intervention 
Such as biopsy or abscess drainage or surgical 
Planning). In this section we will discuss how the 
optimum scan procedure can be selected for each 
case.

Fig. 2-25 shows a decision tree which illustrates 
fhe kind of decisions that have to be made in order 
f° decide upon the optimum CT procedure.

The first choice is the one between putting the 
erriphasis on spatial or on contrast resolution. 
Contrast resolution is selected when we are deal- 
ing with relatively large lesions of little contrast 
with their background (soft tissue lesions). An 
example of this category is the intracranial extent 
°f tumors involving the temporal bone or orbit. In 
this group of cases there is no need for high- 
resolution CT as long as only small contrasts are 
considered (e.g. tumor v. brain). In general, 
fransverse scans with 3 or 6 mm slice thickness are 
rnade, and sometimes direct coronal or sagittal 
scans will improve the comprehension of the 
rumor extent and relationship to vital structures. 
This application is beyond the scope of this book. 
Spatial resolution is important when we are deal- 
'Ug with small details of large contrast with their 
background, such as bony detail in a soft tissue or 
a'r background, small soft tissue details in a

background of intrathecally administered posi
tive or negative contrast medium, or small neural, 
vascular or muscular structures in a fat 
background. These cases require high-resolution 
CT and can, in the temporal bone and orbit, be 
carried out with a 1.5 mm slice thickness to reduce 
the partial volume averaging to a minimum. At 
this point the decision has to be taken as to 
whether there is interest in a complete volume 
(which is often the case in therapy supporting 
imaging) or whether it is sufficient to image 
specific tissue interfaces in selected two-dimen
sional planes (which is often the case in diagnostic 
imaging). In the case of volume studies the scans 
have to be taken at small slice increments of 1.5 
mm or less. When bony detail is to be imaged, the 
noise is usually not a limiting factor and technique 
factors can be selected that limit the radiation 
dose to the patient. However, when soft tissue 
details are to be imaged these low-dose technique 
factors cannot be applied and one must realize 
that the skin dose will be in the order of 80 mGy (8 
Rad). All scans within the volume of interest must 
be recorded without patient motion in order to 
avoid misregistration artifacts. On the basis of the 
volume study 3-D- and/or multiplanar reformat
ted images can be generated [Par. 2.5.1 and 2.6]. 
These images can be extremely valuable for sur
geons in cases of severe trauma, congenital mal
formations (Marsh and Vannier, 1985) and com
plicated morphology of tumor involvement. In 
the latter case they may also be helpful to the 
radiation therapist. When volume studies are not 
required the choice remains between simple 
transverse scans or direct multiplanar scans or 
both. This means that we do not consider multi-
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small

is volume
imaging necessary?

^ is em- . 
phasis on bone, 

skin or soft tissue 
imaging? . tissue

bone or skin

select
post processing 
technique

select
post processing 

technique

contrast ^ 
between pathology 
and background 

^ tissue? >

perform
multiplanar
reformatting

perform 3-D imaging 
with bone or skin 
segmentation

perform 3-D imaging 
with soft tissue 
segmentation

make stack of 
consecutive 1.5 mm 
scans to cover the 
volume of interest

make spatial 
resolution study 
with 1.5 mm slices

use technique factor 
settings with reduced 
radiation dose

make stack of 
consecutive 1.5 mm 
scans to cover the 
volume of interest

use standard 
technique factor 
settings

make contrast 
resolution study 
with relatively 
thick slices

make study using single 
(direct multiplanar) 
scans

Fig. 2-25. Decision tree simulating the decision process that takes place to decide upon a proper technique factor selection. 
This shows that it must be known prior to the examination what kind of lesion is expected, or for what kind of therapy support 
the images are to be used.
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---------------- ►skin dose (rad)
(multiply by 10 to obtain mGy)

f'9- 2-26. Relationship between image noise and skin dose 
for different (circular) object diameters as predicted by 
Brook’s formula (Equation 1). A 1.5 mm slice thickness and 
Use of a Ramp convolution filter are assumed.
(Brom: Zonneveld, 1985b)

planar reconstructions to be preferable for diag
nostic use unless an image of that particular plane 
cannot be obtained in any other way (Zonneveld 
and Koornneef, 1986). As explained in paragraph
2.5.2 there is a preference to scan perpendicular 
to a tissue interface of interest or to scan in the 
longitudinal direction of an elongated structure of 
interest (e.g. tumor extent). For high-resolution 
CT scans of the temporal bone and orbit we have 
selected the technique factors as shown in Table 
9. The freedom to select technique factors creates 
a trade-off situation which is well illustrated in 
Figures 2-26 and 2-27. Figure 2-26 depicts the 
relationship between the standard deviation of 
the noise and the radiation dose to the skin as it is 
predicted by Equation 1. We have assumed a 1.5 
mm slice thickness and the use of a standard 
Ramp convolution kernel. Figure 2-26 shows that 
when the same noise level is maintained, a 10 cm 
increase in object diameter must be compensated 
for by a 7-fold increase in skin dose, or when the 
dose remains constant, the same 10 cm increase in 
object diameter causes a 2.7-fold increase of the 
noise. This, in turn, shows that when the noise

a to
co 0.8

co 0.6

1000

tissue contrast

tjocup contrast for a 16 and 32 cm (cylindrical) object diameter '9- 2-27. Relationship between spatiaJ reso u ^ dose The assumptions are made that the acceptable noise level 
combined with a 10 mGy (1 Rad) and a 50 m y ( tjmes the Spatia| resolution, while the slice
should not be higher than 40% of the tissue contrast, that tneP'xe'* 
thickness equals 5 times the spatial resolution. (From: Zonneveld, 19
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should not increase above one per cent and the 
skin dose should not increase above 50 mGy (5 
Rad), the object diameter may not increase above 
22 cm. Figure 2-26 demonstrates, for instance, 
that when a noise level of 5 H is required in an 
object with a diameter of 22 cm a skin dose of 200 
mGy (20 Rad) is required. When a number of 
practical assumptions are made, it is possible to 
present an even more realistic diagram of scan 
parameter trade-off possibilities, depending on 
the given tissue contrast, the given object diame
ter, the desired detail size to be visualized and the 
desired skin dose (Fig. 2-27). We made the 
assumption that, in order not to severely limit the 
perception of the tissue contrast of interest, 40% 
of that contrast should be taken as the maximum 
acceptable value for the standard deviation of the 
noise. The pixel size used equals half the vis
ualized detail size and the slice thickness equals 
five times the visualized detail size. In this way the 
desired visualized detail size automatically deter
mines the slice thickness and pixel size, and the 
tissue contrast determines the acceptable noise 
level. Figure 2-27 represents the relationship be
tween visualized detail size and tissue contrast for 
a number of different combinations of object 
diameter and skin dose. It shows that for gray- 
white matter visualization in the brain at a 50 
mGy (5 Rad) skin dose, a 3 mm detail size can be 
visualized. This requires a thick slice (15 mm) and 
a coarse pixel (1.5 mm). On the other hand for the 
visualization of the septa between the mastoid air 
cells in the temporal bone, visualization of a 0.2 
mm detail size would be feasible if the scan 
geometry were adapted accordingly. In practice, 
however, the visualization of such small details of 
extremely high contrast is diagnostically less rel
evant than for example the visualization of 0.5 
mm details with 500 H contrast. In the body, bone 
details of 0.5 mm can be resolved, while low- 
contrast liver metastases would tend to have a 
perception limit larger than 4 mm unless contrast 
enhancement were applied. From this it is clear 
that extensive knowledge of the relationship be
tween the scan parameters is required in order to 
conduct the CT examination under optimum con
ditions and technique factor (scan parameter) 
settings. To a limited degree this can be facilitated 
by the use of ‘scan protocols’.

Table 9 shows the technique factors and spatial 
resolution that were used in our high-resolution 
scans of the temporal bone and orbit.

Spatial resolution (standard) 0.6 mm
Spatial resolution (MacroView) 0.5 mm
Convolution kernel Ramp
Number of views 1200
Scan time 9.6 s
Exposure 480 mAs
Tube voltage 120 kV
Slice thickness 1.5 mm
Field of view temporal bone 80 mm
Field of view orbit 120 mm

Table 9. Technique factor survey for high-resolution, thin- 
section CT of temporal bone and orbit.

Future improvements can be expected in further 
reduction of the slice thickness. We have made a 
study of using a 1 mm slice thickness but found the 
focal spot height to limit it to 1.2 mm [Fig. 2-5c]. 
This limitation can be eliminated by using a differ
ent geometric enlargement position with a larger 
focus-axis distance. Future detector develop
ments may result in smaller detectors which can 
further improve the spatial resolution to a value 
of about 0.3 mm. This is the kind of resolution 
that will enable us to readily visualize anatomical 
structures such as the footplate of the stapes and 
the proximal portion of the vestibular aqueduct.
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Chapter 3

TECHNIQUE OF CRYOSECTIONING

“Considering that the position and the condition of the 
internal parts of the human body can be demonstrated in 
a more exact manner by means of freezing than by 
ordinary anatomy effected with all the talent possible, I 
have made sections and the results surpass all my expec
tations”.

Pieter de Riemer, M.D.*

3.1 Introduction

The study of cross-sectional gross anatomy has 
gained interest following the introduction of to
mographic imaging modalities such as pluridirec- 
tional tomography, ultrasound imaging, com
puted tomography and magnetic resonance imag
ing. It is, however, an old part of anatomical 
science dating back to at least the early 16th 
century when Leonardo da Vinci pictured median 
sagittal cross-sectional images of the male and 
female torso (Chamberlaine, 1796). Andreas 
Vésalius was probably the first anatomist to rep
resent transverse cross-sectional images of the 
head (Saunders and O’Malley, 1982) in the 
seventh book of his famous work “De Humani 
Corporis Fabrica”, published in 1543. The main 
Problem of the 16th, 17th and 18th century 
nnatomists in the preparation of the cross sec
tions was the lack of a technique to harden the 
anatomical structures or hold the different parts 
‘in situ’. This problem was solved by the introduc
tion of the freezing method (de Riemer, 1818) 
'vhich was used for all parts of the body (Pirogoff, 
1852-59; Braune 1872; Rüdinger, 1873-79) as well

as for the head (Macewen, 1893), until the end of 
the century when the use of formalin was intro
duced as a hardening agent and preservative 
(Gerota, 1895). Especially after the introduction 
of the technique of perfusion fixation by injection 
of 50% formalin intra-arterially (Jackson, 1901) 
the freezing method fell into disuse. First the 
formalin-hardening technique was only used in 
the torso (Sellheim, 1903; Potter, 1905). The first 
complete atlas of cross-sectional anatomy of all 
parts of the body, based on the perfusion fixation 
technique, and also the first one to make use of 
radiography prior to sectioning, was published in 
1911 (Eycleshymer and Shoemaker, 1911). The 
1970 reissue of this atlas was used by many 
radiologists in the early days of CT as an anatomi
cal reference.

One of the major disadvantages of the freezing 
method was that even the finest saw tears away 
the minute structures and leaves a rough surface. 
Methods have therefore been devised to polish 
the frozen tissue surface (Tunis, 1909). This 
technique became later known as the ‘milling- 
technique’ (Rabischong et al., 1975) and was very 
time-consuming. In the Rabischong atlas pluri-

* In: DE RIEMER, P.: Exposition de la position exacte des parties internes du corps humain, tant par rapport ä leur position 
mutuelle, que par leur contact aux parois des cavitiés oü eile se trouvent placées; avec une description explicative y relative.

LaHaye, Veuve Allart et Cie. (1818).
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directional tomography was performed prior to 
sectioning to obtain the correct plane of section
ing and to provide the correlation between the 
anatomical image and the tomographic image. 
After some refinements, such as embedding the 
specimen in polyurethane foam, a full color atlas 
of the cross-sectional anatomy of the head and 
neck region was produced in 1980 (Thompson 
and Hasso, 1980). In the preparation of this atlas, 
for the first time, use was made of CT (EMI 5005) 
to obtain the correct plane of sectioning and to 
correlate the CT scans with the anatomy.

The milling technique has a number of disad
vantages. The imaging procedure is very slow. 
The first reason for this is that continuous milling 
would heat the specimen to such a degree that 
thawing would occur, and therefore imaging 
periods had to be cautiously limited. Between 
milling operations of 1 to 2 mm at a time the 
embedded specimen had to be kept on carbon 
dioxide ice to recool the surface. After the speci
men was put upright with the milled surface in 
front of the camera, and the focus was checked, 
the frosted surface had to be quickly wetted with 
cold water to melt the frost and bring out the 
natural colors. The photograph had to be taken 
before refrosting occurred, and after photogra
phy the specimen had to be returned to the ice 
chest for recooling before the milling process 
could be continued. Another reason is that the 
milling produces so much debris that thorough 
cleaning of the milled surface was required prior 
to photography.

From the toxicologic field of reseach a new 
method evolved that did not suffer from the 
above mentioned deficiencies and that could ful
fill the need for detailed correlative cross-section
al anatomy by the modern tomographic imaging 
modalities.

Toxicology makes use of autoradiography. 
This technique allows the distribution of chemical 
compounds to be traced in the body of an experi
mental animal (usually a mouse) by labeling these 
compounds with radioactive tracer elements 
(usually beta-emitters). After the compounds 
have built up in the tissues of the animal, it is 
killed by anaesthetics or immersion in liquid air 
and histological tissue sections are made. If these 
sections are brought into contact with a photo

graphic film over a period of time, they will 
provide an image (after the film has been de
veloped) of the radioisotope concentration and 
distribution which can be quantified by measuring 
the film darkening. In 1954, Ullberg developed a 
technique to obtain these histological sections by 
mounting the ‘deep-frozen’ mice on a 7x10 cm 
microtome stage surrounded by water-soaked 
cotton wool which was frozen in a surrounding of 
carbon dioxide ice and then placed on a hand- 
driven sledge microtome (Leitz Grundschlitten 
microtome model 1300). Then the sections were 
made in a room refrigerated to -10° C where the 
freeze drying of the sections and the autoradio
graphic exposure also took place (Ullberg, 1954). 
This technique was so successful that it led to the 
development of a dedicated large microtome 
(PMV 450MP) that was built in a separate cryo
stat (Ullberg, 1977). Although in autoradiogra
phy and histochemistry the main purpose was to 
obtain the thin tissue section, it was recognized 
that photography of the surface of the remaining 
block of tissue could provide excellent in situ 
cross-sectional anatomical images (Rauschning,
1979). This method was also applied indepen
dently by Hillen in November 1980, who also 
collected the tissue sections on adhesive tape (as 
in autoradiography) and put them through a 
staining process [Figs. 3-8 and 3-9]. These stained 
sections could show differences between tissues 
that the direct photographs of the tissue block 
were unable to reveal (Weijs and Hillen, 1985). 
The use of the cryomicrotome in cross-sectional 
anatomy studies quickly gained popularity, as it is 
a perfect technique for correlative gross anatomy 
(Rauschning, 1983; Rauschning et ah, 1983; 
Daniels et ah, 1983; Daniels et ah, 1985a; Daniels 
et ah, 1985b; Daniels et ah, 1985c; Lufkin and 
Hanafee, 1985; Holliday et ah, 1985; Reicher et 
ah, 1985). During a congress in 1982 (Fonte- 
vraud, France) Rauschning and Wilbrand 
announced the use of this technique for the tem
poral bone (Wilbrand and Rauschning, 1986).

For microscopic anatomy, however, the freez
ing technique produces too many artifacts. Spe
cial plastic embedding techniques are therefore 
under development (Huizing et ah, 1985; Dewe- 
ver et ah, 1985).
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3.2 Preparation

As cryosectioning is a destructive technique (after 
completion of a series, a particular section cannot 
be recovered for repeat surface photography) it is 
of paramount importance to perform a proper 
preparation of the sectioning procedure, includ
ing the recognition and rejection of defective 
specimens prior to sectioning.

3-2.1 Specimen preparation. We have chosen to 
make the cross-sectional anatomy studies on fresh 
cadaver specimens, in order to preserve the 
natural colors and the in-situ tissue relationships 
ns much as possible. This means that the prepara
tion has to be started within 48 hours post mor
tem. We shall first describe the technique we used 
for the orbit, which is also very suitable for the 
temporal bone. The cadavers used for the orbit 
studies were made available through the willed 
body programs of the Utrecht University and 
Free University Amsterdam. The preparation 
started with removal of dental prosthesis and/or 
dental metal (to prevent artifacts in CT scanning 
and premature dulling of the bandsaw), followed 
by decapitation. This was performed in such a 
way that neither cerebrospinal fluid nor blood 
was lost. The most effective way to do this was to 
bgate the dura of the spinal cord, the jugular veins 
and the carotid arteries prior to sectioning, which 
Was performed at a low level (just above the 
sternum and clavicles) while the cadaver was in a 
Trendelenburg position or while the head was 
banging backward. The vertebral arteries are too 
small to present any problem.

Immediately after decapitation, the head was 
Placed, within a plastic bag to prevent freeze 
drying, in an upside-down position in a freezer at 
a temperature of -20° C where it remained for 
about a week.

The majority of the temporal bone specimens 
have been provided by the department of pathol
ogy of Uppsala University and the remainder by 
the willed body program of the University of 
Amsterdam and the Free University Amsterdam. 
The specimens from Uppsala were collected from 
onselected autopsy cases (Wilbrand and 
Rauschning, 1986). Therefore the preparation 
method described above could not be followed.

In these cases, after removal of the skullcap and 
the superior part of the brain, and retraction of 
the temporal skin after dissecting the external 
auditory canal from the skin with the auricle, the 
tissues around the temporal bone were frozen by 
means of liquid nitrogen or dry ice. After suffi
cient freezing a vibrating ‘sector’-shaped saw was 
used to excise the tissue block containing the 
temporal bone and surrounding tissues. The com
plete block of tissue was placed in a small sty
rofoam box which was then filled with a semili
quid gel of carboxy-methyl cellulose (CMC gel). 
This box was then stored in a freezer at a tempera
ture of —20° C.

The temporal bone specimens from the Univer
sity of Amsterdam were prepared via a combined 
approach. First the cadaver head was prepared as 
described above, and then the blocks of tissue 
containing the temporal bones were excised di
rectly using a bandsaw and subsequently mounted 
in styrofoam boxes as described above.

3.2.2 CT of the specimen. Prior to further prepa
ration of the orbit specimen the deep frozen 
cadaver head was scanned on the CT scanner. 
The CT scans were mainly made for the marking 
of the first and last cryosectioning planes and to 
mark the mounting plane (the plane that will be in 
contact with the microtome stage). The reason 
that we have not used these scans for correlative 
CT anatomy was the fact that airspaces such as 
sinuses or the middle ear often contained some ice 
from fluids that were collected there by the un
usual upside-down position during freezing. 
Another reason was that the CT densities could 
not be compared to the in-vivo situation. The 
contrast between fat and other soft tissues had 
been greatly reduced by the freezing. The fat 
having a relatively low water content had re
mained at its usual CT density, whereas the other 
tissues such as nerve tissue and muscle tissue had 
decreased CT numbers due to the lower density 
after freezing of the original water content. As a 
result the muscle and nerve tissues had ap
proached the fat tissue (in terms of CT No.) and 
especially in the orbit scans this resulted in a very 
unusual CT image (Pech, 1987).

The tissue specimen is positioned in the same 
manner as a patient and, if necessary, it is
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knife

range of 
possible 
knife levels

cutting direction relative to specimen

* -

tissue 
range of 
interest

■ 2 cm

CMC ice mounting grooves 
of microtome stage

microtome stage

Fig. 3-1. Cryosectioning geometry. The microtome stage makes the longitudinal (cutting) motion while the knife remains 
stationary. The tissue range of interest must fall within the range of possible knife levels.

Fig. 3-2. Radiography of a specimen prior to cryosec
tioning.
a. Pluridirectional tomography of a temporal bone speci

men (semi-longitudinal plane) using a spiral motion 
pattern.

b. CT scan of the same specimen as in Fig. 3-2a (semi
longitudinal plane) prior to cryosectioning. The light visor 
of the CT scanner is used to mark the plane of sectioning 
on the specimen. (From: Zonneveld, 1985)

c. Cryosectional surface photograph corresponding to the 
CT scan of Fig. 3-2b. All air cavities have been filled with 
CMC-ice to avoid cracking of the bone tissue during 
sectioning. (From: Zonneveld, 1985)
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reoriented until the CT scans exactly correspond 
with the planes that are scanned in patients. The 
volume of interest is scanned in the same way as it 
is done in patients and with the same technique 
factor settings of the scanner. An additional ad
vantage of the CT scanning is the detection of 
Pathology or post mortem artifacts prior to sec
tioning. After the scanning is completed the table 
is repositioned at the last and the first slice posi
tions, and at each position the intersection of the 
scan plane and the specimen is marked on the 
specimen using a felt pen and the projected light 
line of the light visor which marks the scan plane. 
The volume of interest is marked in such a way 
that below the lowest plane of interest an extra 
layer of tissue is left to allow for the fact that the 
lowest knife position is about 5 mm above the 
Counting plane of the microtome stage [Fig. 3-1].

In the case of the temporal bone specimens in 
styrofoam boxes the CT procedure was similar 
[Tig. 3-2b]. However, positioning based on exter- 
nal landmarks was not possible. Thawing was 
Prevented by the insulating property of the sty
rofoam box which also made the specimen easy to 
handle. The planes were marked on the outside of 
fhe box. After the CT scans the specimens were 
also tomographed with a Philips Polytome (three- 
sPiral movement) at the department of diagnostic 
radiology of the Uppsala University Hospital 
[Tig. 3-2a]. CT and pluridirectional tomography 
allowed for cryosectioning at the exact pre
selected planes [Fig. 3-2c].

T2.3 Specimen block sectioning. The minimum 
size of the block of tissue mounted on the mi- 
Crotome stage is determined by the volume of 
Interest. This is related to the field of view used in 
Hie CT image and to the range covered by the CT 
scans. This means for the lateral dimension of the 
tissue block that it is at least equal to the field of 
view, and for the anteroposterior dimension that 
>t depends on the size of the structures of interest. 
T°r the height of the tissue block 10 mm were 
added for mounting (minimum distance between 
knife and microtome stage) plus 5 mm to allow for 
space to make a start with the sectioning process. 
The surface of the tissue block may not be exactly 
Parallel to the mounting surface and during the 
start up of the sectioning there should still be a

Application
area

Lateral
dimension

Antero
posterior
dimension

Craniocaudal
dimension

TEMP.Btransv. 80 mm 80 mm 35 mm
(width) (length) (height)

TEMP.B coronal 80 mm 35 mm 80 mm
(width) (height) (length)

TEMRBsagitt. 35 mm 80 mm 80 mm
(height) (width) (length)

ORBITtransv. 120 mm 70 mm 50 mm
(width) (length) (height)

ORBIT coronal 120 mm 70 mm 80 mm
(width) (height) (length)

ORBIT sagitt. 70 mm 120 mm 80 mm
(height) (length) (width)

Table 10. Minimum tissue block dimensions (ready for 
mounting on the cryomicrotome). When a minimum dimen
sion equals the maximum dimension allowed for by the mi
crotome stage, it is critical (dimensions printed in bold face).

possibility for minor adaptations of the sectioning 
plane orientation. An extra safety margin is 
needed for the bandsaw cutting. Table 10 gives 
the minimum tissue block dimensions used. All 
block heights include the above mentioned 10 and 
5 mm safety margins.

The maximum tissue block dimensions are de
termined by the microtome stage. We used a 
microtome stage which can be rotated slightly in 
all directions (ball articulation) for minor adjust
ments of the sectioning plane orientation and can 
hold a maximum tissue block size of 120 mm wide, 
200 mm long and 70 mm high. Before mounting 
the tissue block it has to be shaped to fit within the 
above mentioned dimensions, using a bandsaw. 
According to the line markings the plane is cut 
where the sectioning will start. This is the most 
critical part of the block sectioning, as the cadaver 
head can only be manually supported. Then the 
mounting plane is cut parallel to the bandsaw at a 
distance equal to the desired height of the tissue 
block. Now the final shape of the block can be cut 
according to the sizes given in Table 10.

3.2.4 Specimen block mounting. The specimen is 
always mounted with a specific cutting direction 
in mind. As there is the potential possibility that a 
fragment of bone could break loose and get 
trapped under the knife, which consequently may 
pull a deep track into the surface of the tissue, we 
have usually selected the cutting direction such
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that the bulk of the bone is cut after the soft 
tissues in the area of interest. This means, for 
instance, that in a sagittal section of the orbit the 
cutting direction will be chosen to run from 
anterior to posterior (so that no bone fragments 
can damage the orbital soft tissues). The mi
crotome stage has a special mounting surface with 
grooves to increase the contact surface of the 
mounting medium: carboxy methyl cellulose gel 
(CMC gel, technical grade, in a 0.5% solution). 
These grooves are oriented perpendicular to the 
cutting direction [Fig. 3-1]. A mold is placed 
around the specimen on the microtome stage. 
The specimen block is placed on this stage in the 
correct orientation after a little bit of CMC gel has 
been poured onto the stage surface. The base of 
the stage is then placed in liquid air. When the 
specimen is frozen to the stage surface it is com
pletely surrounded by CMC gel. Especially at the 
point where the knife leaves the tissue block, at 
least 2 cm of CMC ice must be present to prevent 
the tissue block from crumbling away at that 
location during the sectioning process. Another 
freezing method that has been used for mounting 
the specimen is to surround it by carbon dioxide 
ice. This takes longer but is more cost effective. 
Time is no problem when two microtome stages 
can be used alternately. When the specimen is 
surrounded by CMC ice (except for the surface), 
the mold is removed. The microtome stage has a 
hemispherical bottom which is placed on a ring- 
shaped protrusion of the translating table of the 
microtome. With the help of a spirit level the 
mounting plane, and with it the cutting plane, is 
put in a horizontal position and then the stage is 
fixed.

3.3 Cryomicrotomy and photography

Two different methods were in use in Uppsala 
and Groningen. The pros and cons of both ap
proaches will be discussed. The anatomy depart
ment in Groningen refined the cryosectioning 
process when they had a cryomicrotome at their 
own disposal (summer 1984). Before that date the 
cryomicrotome at the Dutch State Institute for 
Public Flealth in Bilthoven was used.

3.3.1 Cryomicrotome. Three different cryomic- 
rotomes of the type LKB 2250 (LKB Sverige AB, 
Bromma, Sweden) were used. The microtomes 
themselves (PMV Company, Stockholm, Swe
den) represent two types; the standard type that 
can hold a maximum sample size of 120x200x70 
mm (PMV 200) which was used in Uppsala and 
Bilthoven, and the large type that can hold a 
maximum sample size of 150x450x70 mm (PMV 
450 MP) which was used in Groningen. On the 
large microtome, however, we used the same 
microtome stage as on the standard microtome. 
When we compare this stage with a ship which 
runs in the cutting direction, it has the freedom to 
be adjusted in both the ‘rolling’ and the ‘pitching’ 
directions, whereas the stage of the large mic
rotome can only be adjusted in the ‘rolling’ direc
tion. So, from an operational point of view, the 
microtomes we used were identical. The LKB 
cryomicrotome (Ullberg, 1977) is the most com
mon one in the world and the only one capable of 
cutting large specimens with undecalcified bone.

The heavy duty microtome is placed inside the 
cryostat [Figs. 3-3 and 3-4] which is kept at a 
temperature of —20° C. The microtome sledge is 
driven automatically by a pre-set speed control, 
which was set at 4 cm/second, or it can be driven at 
a variable speed by a knee-controlled lever. The 
latter is generally used for accurate positioning of 
the microtome sledge, such as for reaching the 
photography position. The knife is screwed onto a 
very stable knife-holder arrangement which con-

Fig. 3-3. Cryostat of the LKB 2250 microtome with control 
panel, foot lever for ‘manual’ positioning of the microtome 
stage and wall-mounted photographic set-up.
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Fig. 3-4. Heavy-duty LKB 450 MR microtome inside the 
Cryostat. The cryostat cover has been removed to show the 
flash configuration. The cloth bag is used to collect cutting 
debris with a vacuum system, the nozzle of which is folded 
hpward to show the knife. The wrench is used to fix the 
hticrotome stage.

sists of a bridge-like structure (knife-holder) 
Placed on top of two pillars that allow for a 
vertical motion of the knife holder. The cutting 
edge angle of the knife is approximately 40° and 
the angle between the knife and the specimen 
surface was adjusted to approximately 7 . The 
knife-holder arrangement also contains a vac
uum-cleaner nozzle for removal of cutting debris 
at the end of the sledge stroke, and an attachment 
t°r a camera stand. The section thickness (20 pm) 
is determined by the downward knife feed (30 
hm) prior to the sectioning stroke minus the

upward knife feed (10 pm) at the end of the 
sectioning stroke.

The cryostat and the microtome share a control 
panel. Every time the predetermined number of 
sectioning cycles is reached, the operator can take 
photographs, and can collect sections on tape. 
This is done by pressing a wide (at least 80 mm) 
adhesive tape (we used 3M types 810 and 821; 
Minnesota Mining & Manufacturing Co., St. 
Paul, Minn., U.S.A.) onto the specimen surface 
and then, while the sledge is moved slowly for
ward with the knee-lever, one hand holds the tape 
at the side of the knife and the other hand applies 
pressure to the tape just in front of the knife with 
the help of a little pressing block [Fig. 3-5], After 
sectioning, the thin layer of tissue is supported by 
the tape, and after pressing it firmly to the tape 
once more it can be stored for further processing. 
Special pieces of cardboard (23x33 cm) were pre
pared for this purpose with double coated adhe
sive tape (3M type 660) at the sides. The mic
rotome is then started to trim the specimen down 
to the next level of interest.

3.3.2 Cryosectioning. When the tissue specimen 
has been properly mounted on the microtome 
stage, surrounded by CMC-‘ice’, the stage is 
placed on the microtome sledge with the tissue 
specimen in the correct cutting orientation. With 
the help of the spirit level the specimen surface is

pressure pad

adhesive tape

section of tissue
deep frozen 
tissue
specimen block

% 3-5. Method o. collecting a slice ot tissce on adhesie, tape. In this case the foot leeer is used to oontrol the translation 
sPeed of the microtome stage.
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placed in a horizontal plane and the ball-joint of 
the stage is fixed to the sledge by fastening a bolt. 
The knife is also fastened to the knife-holder in a 
horizontal position. For the initial trimming of the 
specimen a knife can be used that has already 
been used for specimen sectioning. It is raised 
completely above the specimen and the initial 
trimming is started. When there is ice on top of 
the specimen, this has to be cut away first at a 
somewhat higher cutting speed and larger cutting 
thickness (100 pm) until the tissue is reached. 
Then the standard cutting procedure will be used. 
The initial trimming procedure may allow for 
minor sectioning plane orientation adaptations. 
When the complete surface of the tissue specimen 
is involved in the sectioning, the knife can be 
replaced by a sharpened knife. A knife has to be 
resharpened when small fibres of tendons or 
membranes are not cut properly. In practice this 
is after 4 to 8 cm of sectioning, depending on the 
amount and density of cortical bone in the speci
men. For sharpening we used the Shan don Auto
sharp IV with 3 micron diamond knife paste. 
Disposable bags can be attached to the vacuum 
cleaner for collection of the sectioning debris. 
Especially in sectioning fresh cadaver material, 
care must be taken to collect and burn all waste 
material.

The sectioning process requires continuous 
supervision, as a number of aspects are to be 
monitored. First of all there are air spaces inside 
the tissue block, such as sinuses. When sectioning 
through such a sinus, the thin bony wall is not 
supported when the knife approaches the air 
space, and the bone may break loose. Therefore, 
as soon as an air space opens up, it should be filled 
with cold water from the refrigerator by means of 
a syringe and needle. The water must be allowed 
to freeze inside the cavity, and during this process 
the surplus of water resulting from the expansion 
of the ice is to be removed to prevent an ice hump 
on the surface of the specimen. Secondly, large 
blood vessels such as the internal carotid artery 
and jugular vein may not be properly filled by 
blood. In Uppsala a technique was developed to 
remove the inhomogeneous contents of the vessel 
by applying compressed air. This would thaw the 
contents locally and blow it out. Then the vessel 
could be refilled with fresh blood, kept cool in the

refrigerator, and allowed to freeze. Finally, it 
could always happen that a piece of tissue got 
trapped under the knife and pulled a track into 
the specimen surface. Such damage was often 
trimmed away before the level of interest was 
reached. When it happened just prior to reaching 
it, the scratch could be made less visible by allow
ing cold water to freeze inside the scratch and 
then continue the sectioning for a few cycles to 
obtain a smooth surface.

The sectioning stroke length could be adapted 
to the tissue block length to save time. In our case 
the cycle time per section of 20 pm was in the 
order of 6 seconds. When the next level of interest 
was reached, the stroke length was extended and 
the sledge was moved slowly, by means of the 
knee lever, to the photography position. Prior to 
photography the specimen surface was cleaned 
with a brush.

A comparison was made between fixed and 
fresh specimens, both in the temporal bone as 
well as in the orbit. The advantage of fixed speci
mens was that they were more readily available 
and that some tissues generally showed more 
contrast such as gray and white brain matter or 
the structures within the orbital fat. The disad
vantage was that they showed fixation artifacts 
such as the dehiscence between the skull and the 
brain due to brain tissue shrinkage, and the de
tachment of the retina [Fig. 3-6]. The latter prob
lem, and the preservation of the natural colors, 
made it preferable to work with fresh specimens 
[Fig. 3-7],

3.3.3 Photographic set-up. The different photo
graphic set-ups in the departments are listed in 
Table 11.

All photographic set-ups had the problem of 
refocusing, as the camera had a fixed position 
while the specimen surface was lowered as the 
sectioning proceeded. This could have been 
avoided by attaching the camera to the knife- 
holder, however, this had the disadvantage that 
the sliding window had to remain partially open 
during the sectioning. During the sectioning there 
is a need to make detailed photographs in addi
tion to the overall photographs. With a zoom lens 
on a hand-held camera this was no problem. In 
other set-ups with a mounted camera the chang-
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^'9- 3-6. Coronal cryosectional surface aspect of the right 
0rbit in a fixed specimen. Note the retinal detachment.

Fig. 3-7- Coronal cryosectional surface aspect of the left 
orbit in a fresh specimen.

'ng caused a considerable time delay. On the 
other hand it was more difficult to take the photo
graph of the same area each time with the hand- 
*leld camera. Another advantage of the hand- 
^eld camera was that there was no need to close 
the viewfinder lens, while in the case of a camera 
stand there was the risk of false light through the 
viewfinder lens when it was forgotten to close it 
daring the exposure. In one set-up there was the 
r'sk that the tripod would move when touched, 
^his problem was overcome with a wall-mounted 
stand. The cold light source set-up had the advan- 
tage that the scene could be checked under photo
graphic lighting conditions, but the disadvantage

Equipment item UPPSALA BILTHOVEN GRONINGEN

Camera Olympus Canon At with autowinder
OM-2N

Objective Olympus Rodenstock-Ysaron 1:4.5-
Macro 1:4- FI 35

^acro attach
ment 
Sl'defilm

Camera stand 
OQhting

F80
Zoom in ma- bellows and automatic
crolens adaptor ring
Kodachrome AgfachromeSOLprofes-
25
hand-held 
2x flash out
side cryostat 
Olympus T32 
+ bases + 
wiring

sional
tripod wall stand
2x cold light- 4x flash 
source (x two mounted in
fiber optics) side the cryo- 
ShottKL150B stat Popular 

AC Slave II

Table n. Survey of photographic equipment used in the 
three different cryosectioning sites.

was that the lighting was non-uniform and, as the 
sliding window had to be closed during section
ing, it was not reproducible. It also presented 
problems with light reflections. The best lighting 
was obtained with the four flashes mounted inside 
the cryostat [Fig. 3-4]. The Kodachrome 25 film 
was more red-sensitive than the Agfachrome 50L.

3.3.4 Section preservation and staining. A sec
tion can be preserved and stained while it remains 
attached to the tape. The tape itself does not stain 
to a significant extent. It is possible to use any 
staining method. One that is preferred by Ullberg 
is the Goldner’s collagen stain (Romeis, 1968), 
although he used the hematoxylin-eosin staining 
most frequently (Hammarström, 1966). Our 
specimens were stained according to Mallory- 
Cason [Figs. 3-8 and 3-9], The advantage of stain
ing was that tissues that had only a little contrast 
on the standard photograph of the natural tissue 
surface, such as fat and cortical bone, had a 
significant contrast in the stained sections.

Cryosectioning has one minor disadvantage in 
the sense that the tissue in the section shows 
minor cracks. Therefore another approach was 
tried out on an orbit specimen using an embed
ding technique. The specimen was fixed in 10% 
buffered formalin (pH 7.4) and then cut into 2-3 
mm thick slices in a preselected plane of interest 
using a diamond band saw (Exakt, Norderstedt,
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Fig. 3-8. Mallory-Cason stain applied to a temporal bone 
section in the transverse plane. Note the tendon of the tensor 
tympani muscle and the tendon of the stapedius muscle 
entering into the pyramidal eminence joining the stapedius 
muscle. Posterior to it is the facial nerve. Also note the spiral 
lamina in the cochlea.

Fig. 3-9. Mallory-Cason stain applied to an orbit section in 
the sagittal plane. Note the increased thickness of the sub
arachnoid space surrounding the optic nerve just posterior to 
the globe as we have also found in the CTscans. Also note 
the levator palpebrae superioris muscle, the orbital septum 
and the infraorbital nerve.

W. Germany). The slices were decalcified in 10% 
2Na.EDTA (pH 7.6) in a specially designed de- 
calcifier (LTI, Bilthoven, the Netherlands).

Dehydration was done in graded ethanol series 
and the slices were embedded in glycol metacry- 
late (Technovit 7100®). The plastic embedded 
slices were then fixed onto aluminum microtome 
stages with metylmetacrylate glue (Technovit 
3040® (Kulzer & Co., Bad Homburg, W. Ger
many)) which were mounted onto the LKB mul

tirange microtome (LKB, Bromma, Sweden) for 
sectioning with a section thickness of 5 microme
ter. The sections were glued on glass and stained 
with 1% methylene blue (C.I. No. 52015) and 1% 
Azur-B (C.I. No. 52010) in 1% borax (Richard
son et al., 1960). This experiment was carried out 
at the Department of Otolaryngology of the Ut
recht University Hospital. The result is shown in 
Fig. 7-19.
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Chapter 4

IMAGING OF THE TEMPORAL BONE

“Le temporal s’est laissé peu ä peu déflorer dans ses 
regions les plus secretes" Jacque|in<, vignautL M D

Brussels 1977*

4.1 Introduction

Early CT scanners lacked the spatial resolution 
and the thin slice thickness required to assess the 
temporal bone. Seven years after the introduction 
°f CT we find the first report on the temporal 
bone, with a 5 mm slice thickness and a 3 mm slice 
increment capable of demonstrating the ossicular 
chain including the stapes, using the high-resolu- 
tion version of the EMI CT 5005 body scanner 
adapted for head and neck scanning (Lloyd et al., 
1979). Around that time another publication 
aPpeared using the same kind of scanner but with 
a 4 mm slice thickness and a 2 mm slice increment 
(Hanafee et al., 1979). Until that time it was 
called ‘CT of the skull base’ (Nakagawa and Wolf,
1977). Later on smaller slice thicknesses, such as
3-5 mm (De Smedt et al., 1980) and 2 mm (Ret- 
linger et al., 1981), were applied to reduce the 
Partial volume averaging. In 1980 the first results 
appeared using a 1.5 mm slice thickness (Shaffer 
et al., 1980b) and ever since, practically in all 
cases, 1.5 mm has been used (Chakeres and 
Spiegel, 1983; Littleton et al., 1981; Mafee et al., 
1983; Swartz, 1983; Taylor, 1982; Turski et al., 
1982; Virapongse et al., 1982; Virapongse et al., 
1983a; Zonneveld 1983; Zonneveld etal., 1983a). 
The early CT scans of the temporal bone made

use of edge-enhancement techniques [Par. 2.3.1] 
to increase the spatial resolution. As the reduced 
partial volume averaging increased the sharpness 
of the image this technique was abandoned, and 
together with it the artifacts it produced [Par.
1.4.4],

In this chapter we will emphasize the value of 
combining high-resolution CT with patient posi
tioning flexibility which allows for scanning per
pendicularly to the tissue interfaces of interest.

4.2 Patient positioning

In pluridirectional tomography (polytomogra
phy) of the temporal bone a number of tomo
graphic planes have been used (Claus et al., 1980; 
Korach and Vignaud, 1981). We have attempted 
to reproduce a number of these planes by using 
special patient positions and scanning of these 
planes directly [Fig. 4-1], These planes are:
- transverse plane
- coronal plane
- sagittal plane
- semiaxial plane
- axiopetrosal plane
- longitudinal plane and
- inclined sagittal plane.

In: Bollaert, A., Hotton, F., De Smedt, E., Baleriaux, D.: The ear: conventional tomography versus computed tomography:
overview.

Radiology Today I. Donner, M. W., Heuck, F. H. W. Eds., Springer Verlag, Heidelberg (1981) 359-365.
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sagittal

longitudinal

semilongitudinal

coronal

semiaxial

axiopetrosal

sagittal

transverse

inclined sagittal

Fig. 4-1. Diagram showing the scan plane orientations that 
have been used in this study for direct multiplanar CT of the 
temporal bone. (From: Zonneveld, 1983b)
a. Orientation of the planes that are more or less perpen

dicular to the nasion-biauricular plane.
b. Orientation of the planes that are more or less perpen

dicular to the coronal plane.

We have also introduced a new plane (semilon
gitudinal plane). With this set of possibilities we 
felt no need to reproduce the CT planes intro
duced by Chakeres (Chakeres and Spiegel, 1983).

4.2.1 Definition of the scan planes. We will de
scribe each plane separately, and indicate in 
which way it can be reproduced by CT. To de
scribe the orientation of a tomographic plane

Dulac (1955) introduced a ‘line of incidence’ 
which is placed perpendicular to the plane under 
consideration, and which is determined by two 
angles (X and Y). These angles are comparable to 
longitude and latitude on the earth, which relate 
to a coordinate system using the nasion-biauricu
lar plane (equator plane) and the sagittal plane 
(Greenwich meridian plane) as reference planes 
[Fig. 4-2]. The advantage of this system is that it 
can be used for both projection (conventional) 
radiography as well as for pluridirectional tomog
raphy, and we will use it now for CT as well. In 
pluridirectional tomography the ‘line of inci
dence’ represents the central ray perpendicular to 
the tomographic plane, in projection radiography 
it represents the central ray itself and in CT it 
represents a line perpendicular to the scan plane. 
In projection radiography and pluridirectional 
tomography the ‘lines of incidence’ are attached 
to so-called centering points (Dulac, 1961) where
as in CT the ‘line of incidence’ is only used as a 
directional vector. To give an impression of the 
wide variety of planes used in pluridirectional 
tomography we have plotted the X and Y angles 
of these planes in a diagram [Fig. 4-3] for those 
tomographic planes that have been described by 
Dulac et al. (1973), Claus et al. (1980) and Navez

superior
margin 
of right 
external 
acoustic 
meatus

superior margin 
of left external 
acoustic meatus

sagittal
plane

inci
dence

nasion-biauri
cular plane /

nasion

Fig. 4-2. Definition of the latitude X and the longitude Y that 
determine the orientation of the ‘line of incidence’ which is 
perpendicular to the scanplane. The nasion-biauricular plane 
and the sagittal plane act as reference planes.

>

Table 12. Survey of radiographic projections (R) and orientations of tomographic planes (T) as shown in Fig. 4-3. For 
definition of X and Y see Fig. 4-2.
These values have partly been recalculated with respect to the nasio-biauricular and sagittal reference planes but are originally 
taken from the following sources of literature:
C = Claus et al., 1980 D = Dulac et al., 1973 K = Korach and Vignaud, 1981 N = Navez and Cornelis, 1972
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Name of projection or plane

1
1
2
3
4
5
6
7
8 
8 
9

10
11
11
12
13
14 
14
14
15
16 
16
17
18 
18
19
20 
21 
22 
22 
23
23
24
25 
25
25
26 
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
43
44
45
46
47
48

Hirtz (axial)
Hirtz(perp.toN2A)
Inframaxillary proj. (Jug. foramen)
Submental
Transoral
Water
Transbuccal
Mahoney
Superiortransmaxillary
Caldwell
Coronal perp. to Virchov 
Inf. transorbital projection 
Schüller II (sup. transorb. proj.) 
Schüller II
Coronal perp. to N2A 
External vestibular plane 
Townes-Vincent/Worms-Bretton 
Fronto-occipital 
Towne/ Worms-Bretton 
Hyperaxial projection 
Virchov (axial)
Hirtz (axial projection)
Subaxial
Pöschl (petro-axial)
Pöschl (axio-pyramidal)
Frangois-Barrois
Dulac4
Dulac 5 (transnasion proj.)
Guillen (supero-int. transorb.)
Guillen
Chausselll
Chausselll
Mittelmaier (ext. variant of 23) 
Stenvers
Stenvers (occipito-zygomatic)
Stenvers (occipito-zygomatic)
Chaussé IV (obi. variant of 25)
Chaussé IV
Lateral/Sagittal
Chaussé II (transbuc. oblique)
Dulac2(trans-naris)
Opposite submaxillary approach 
Dulac 6 (variant of 29)
Mayer (contralat. supraorbital) 
Dulac 7 (contralat. suboccipit.) 
Oblique supraorbital outw.-inw. 
Tangential, fortip of mastoid 
Schüller 
Rundström II
Lange (post, variant of 36)
Dulac 8
Sonnenkalb-Law 
Guillen II
Anterior variant of 36 
Incidence de profil incliné 
Inclined lateral 
Fischgold (jugularforamen) 
Transbuccal (variant of 22)
Axis of jugularforamen (Dulac) 
Hartmann (optic canal)
Brunetti (supraorbital fissure)

Ident. X Y Lit. source R/T

S10, B1 -90° 0° D R
S7 +90/110° 0° C R+T

-75° 0° K R+T
S9 -70° 0° D R

-60° 0° K R+T
-55° 0° K R

oin
1

C
O

iO 0° D R
-40° 0° K R+T

S7 -30° 0° D R
-30° 0° K R+T

S6 -20° 0° D T
„ S5 -10° 0° D R

S4 -5° 0° D R+T
-5° 0° K R

S3 0° 0° D T
S2 +5° 0° D T
S1 +20/30° 0° D R+T
SI +20/30° 0° C R

+20° 0° K R
+55° 0° K R+T

S11, B2 +70° 0° D R+T
+70° 0° K R
+85° 0° K R+T

06 -10° -50° D T
Ax, -10° -45/-5S C T
05 -10/-15° -40° D T
04 -5/-10° -30° D T
03 0° -20° D T
02 0° -15° D R+T

-5° -15° K R+T
El +5° +10/20 D R

-5° +15° K R+T
E3 +5° +25° D R
E4 +5° +40° D R+T
F3 0/+5° +40° C R+T

-5° +35° K R+T
E5 +5° +55° D R

-3° +45° K R+T
T8 0° +90° D T
M3 -50° -15° D R
Ml -30° -20° D T
B3 -80° -30° D T
M2 +30° -40° D T
F3 +40° -50° D R
B4 +45° -30° D T
F2 +30° +10° D R

P +20° +50° D R
T1 +23° -81° D R
T3 +41° -71° D R
T2 -33° +76° D R
T4 -28° +75° D T
T5 -30° +80° D R
T6 -60° +68° D T
T7 +24° -58° D R

-30/-450 +90° N T
-30/-45° +90° K R+T
-25° +30° K R+T

M4 -50° +10° D R
M5 -40° +30° D R+T

-40° +35° K R+T
-25° +15° K R+T
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+90#

+80\ +70\ +60\ +50l +40 K40 /-SO -60 -70 -80

47 \46

• standard radiography 
O pluridirectional tomography 
© standard radiography 

and pluridirectional 
tomography

computed tomography

Fig. 4-3. Diagram of the lines of incidence used in radiography and pluridirectional tomography (indicated by numbers) and 
scan plane orientations used in this CT study (indicated by letters). See Fig. 4-2 for the explanation of X and Y and Table 12 for 
the names of the radiographic incidences and tomographic planes and Table 13 for the names of the CT planes.

Tomographic
plane

Pluridirectional
tomography
X Y

Computed
tomography

X Y

Transverse plane -90/-110° 0° A 90° 0°
Coronal plane +5/0/-50 0° B 0° 0°
Sagittal plane 0° 90° C 0° 90°
Semiaxial plane 0° -15° D 0° -20°
Semilongitudinal
plane

not defined E 0° +20°

Axiopetrosal plane -10° -45.. .55° F 0° -40°
Longitudinal plane +5° +40° G 0° +40°
Inclined sagittal 
plane

-30 to 45° 90° H -45° 90°

Table 13. Comparison of the tomographic plane orientation 
in pluridirectional tomography according to Dulac et al.(1973) 
for the coronal, semiaxial, axiopetrosal and longitudinal 
planes, according to Claus et al. (1980) for the transverse 
(Hirtz) and sagittal planes and according to Navez and Cor
nells (1972) for the inclined sagittal plane, with the CT scan 
plane orientations used in this study.

and Cornelis (1972). Table 13 presents a compari
son between the X and Y angles of the ‘lines of 
incidence’ as defined in pluridirectional tomogra
phy and as we have been able to realize them in 
CT by direct positioning of the patient.

We will now describe each plane separately.

* Transverse plane. There are two planes that can 
be described as a transverse plane. The first one is 
the anthropological base plane (ABP) or Virchow 
plane (equivalent to the Frankfurt horizontal 
plane) [Fig. 6-4] which intersects the infraorbital 
margins and the superior margins of the external 
acoustic meatus. It corresponds to the 0°-plane 
defined by Chakeres (Chakeres and Spiegel,
1983). The second plane is the nasion-biauricular 
(N2A) plane. It intersects the nasion and the 
superior margins of the external acoustic meatus 
(which corresponds to the level of the tragion).
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These planes are separated by a 20° angle. Dulac 
et al. (1973) indicate that tomography was only 
Performed in the ABP-plane, whereas Claus et al. 
(1980) comprise both planes in one group of 
tomographic planes named after Hirtz (Hirtz, 
1922). We have chosen the N2A-plane as the 
transverse plane for anatomical reasons: it is the 
plane which best displays the complete extent of 
the lateral semicircular canal and it shows the 
second part of the facial canal. In addition, scan
ning in this plane provides optimum visualization 
°f the majority of anatomic details of the exter
nal, middle and inner ear in both ears simultane
ously.

Coronal plane. In pluridirectional tomography 
the coronal plane is known as the ‘frontal' or 
transorbital’ projection. The name ‘coronal’ is 

derived from the coronal suture which is parallel 
to this plane. This is the plane of preference for 
the study of the internal acoustic meatus and the 
tegmen tympani. Both ears can be scanned simul
taneously.

Sagittal plane. In pluridirectional tomography 
the sagittal plane is known as the ‘lateral’ projec
tion (Potter, 1968). This plane visualizes the third 
Part of the facial canal, the relationships between 
the internal carotid canal and the jugular fossa, 
and between the vestibule and the round window
niche.

Semiaxial plane. In pluridirectional tomogra
phy this plane is known as the ‘superointernal 
transorbital’ or ‘Guillen’ projection (Guillen, 
1955). A 20°-variant of this projection is known as 
Te ‘transnasion’ or ‘Dulac-5’ projection (Reisner 
and Gosepath, 1977) which was used more fre
quently in Germany. The basic advantage of the 
Seniiaxial plane is the visualization of the medial 
'Vall of the tympanic cavity.

Semilongitudinal plane. This plane is not 
ulassified as a tomographic plane in the surveys of 
Dulac et al. (1973) and Claus et al. (1980). Its ‘line 
°f incidence’, however, is known as a radio- 
graphic projection direction, which has been used 
bV Wullstein (1948), who called it a ‘steep Sten- 
Vers’ and by Chaussé (1943,1948), named Chaus-

sé III, as part of a series of projections in different 
directions for diagnosis of a fracture. We intro
duced the semilongitudinal plane as a CT scan 
plane in 1981 (Zonneveld et al., 1981) and de
scribed its value in the preoperative evaluation of 
petrous bone pathology (Zonneveld et al., 1983b; 
Damsma et al., 1983). The basic advantage of this 
plane is that it visualizes the surgical pathways to 
the middle ear both in its endaural and its trans- 
mastoidal approach. The scan plane at the level of 
the external acoustic meatus shows its shape, size 
and relationship to the tympanic membrane and 
the ossicles. Above the external acoustic meatus 
it shows the bony structures that allow for exten
sion of the transmastoidal approach into this reg
ion for improved access to the attic. It is also 
excellent for the visualization of the lateral wall of 
the attic, the first or second turn of the cochlea 
(which is of interest for the study of cochlear 
otosclerosis [Par. 5.1]), the petrous part of the 
carotid canal and the posterior semicircular canal. 
We have found a few indications suggesting that 
in the past this plane has been incidentally used in 
pluridirectional tomography (Portmann and 
Guillen, 1959; den Herder, 1980).

* Axiopetrosal plane. This plane is also known as 
the ‘axiopyramidal’, ‘petroaxial’ or ‘Pöschl’ pro
jection (Pöschl, 1943). It is positioned perpen
dicularly to the longitudinal axis of the petrous 
pyramid. It is excellent for the visualization of the 
ossicles, oval window and vestibular aqueduct.

* Longitudinal plane. This plane is also known as 
the ‘Stenvers’ projection (Stenvers, 1928). It is 
parallel to the longitudinal axis of the petrous 
pyramid. It is especially applied for the visualiza
tion of the auditory tube and the cochlea. The 
most ventrally placed scans may suffer from den
tal filling artifacts.

* Inclined sagittal plane. In 1972 it was suggested 
that an oblique tomogram of the tympanic cavity 
should be performed parallel to the plane of the 
ossicles (Navez and Cornelis, 1972; Schatz and 
Vignaud, 1976). It was quite simple to reproduce 
this plane with CT, but the disadvantage is that 
this plane is only of interest in the region of the 
ossicles and Eustachian tube.
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4.2.2 Patient positioning methods and acces
sories. By combining a number of specific charac
teristic properties of the Tomoscan 310/350 CT 
scanner with a number of experimental patient 
positioning accessories it has been possible to 
develop patient positioning techniques for all CT 
planes mentioned in paragraph 4.2.1 (Zonneveld, 
1983a). The specific characteristic properties of 
the standard CT scanner are:

- Large 56 cm patient aperture without the inter
ference of a reference detector system.

- Flaring patient aperture cone with a top angle 
of 55° at both the front and the rear side of the 
gantry.

- Extremely short patient aperture tunnel length 
of about 8 cm.

- Coronal head rest equiped with a separate fore
head rest, to be used in combination with a 
prone patient position.

- Optional patient support at the rear of the 
gantry with special patient support pillow and 
set of special left and right head rests for sagittal 
positioning of the head (Direct sagittal neuro 
accessory).

Fig. 4-4. Swivel mechanism of the patient support allowing

The experimental patient positioning accessories 
are:

- Patient support swivel mechanism providing a 
swivel range of ±25° [Fig. 4-4],

- Set of special left and right coronal head rests 
(including the forehead rest) which have a fixed 
swiveled position of 20° in comparison with the 
standard coronal head rest [Fig. 4-5],

- Special wedge-shaped head rest for the inclined 
sagittal plane.

We will describe the patient positioning proce
dure for each scan plane separately.

* Transverse plane. The patient is in a relaxed 
supine position. The standard head rest is used (as 
for brain scans). When necessary a Velcro® strap 
around the head and head rest can provide addi
tional support [Fig. 4-6]. A scanogram is not 
required. The tabletop is at a level of 16 cm below 
the scanner’s center of rotation (isocenter). The 
light visor is positioned at the level of the superior 
margin of the external acoustic meatus, the gantry 
is tilted to the nasion-biauricular plane and the

Fig. 4-5. A special coronal head rest with 20° of swivel built 
into it. This swivel angle must be added to the table swivel 
angle to calculate the total swivel angle of the head, 
ir 20° of swivel in combination with -10° gantry tilt.
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Patient is moved to the scan plane. Table in
crementation is in the outward direction.

Coronal plane. The patient is in a prone posi
tion. The standard coronal head rest supports 
both the forehead and the chin (level of the chin 
rest is adjustable with a Velcro® strap). The arms 
are along the side of the body and if necessary the 
hands can be tugged under the thighs [Fig. 4-7]. A 
scanogram is not required. The tabletop is at a

level of 16 cm below the isocenter. The gantry is 
tilted to position the scan plane perpendicular to 
the Frankfurt horizontal plane or, in patients with 
a stiff neck, it is tilted to the maximum angle of 20° 
backward. The external light visor is positioned at 
the level of the anterior margin of the external 
acoustic meatus and the patient is moved to the 
scan plane. Table incrementation is in the inward 
direction.

C- ■ M the temnnral bone in the transverse plane. (From: Zonneveld, 1983a)f'9- 4-6. Patient positioning for examination of the temporal cone
a- Patient position and gantry position.
6- Scan plane orientation.

tpmnnral bone in the coronal plane. (From: Zonneveld, 1983a) 
f'9- 4-7. Patient positioning for examination of the temporal oone
a- Patient position and gantry position.
b- Scan plane orientation.
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* Sagittal plane. Use is made of the optional 
direct sagittal neuro accessory. The patient is in a 
semi-prone/semi-lateral decubitus position on the 
small table at the rear of the gantry. The head is 
turned upward and sideways and the cheek, on 
the side to be examined, rests against a special 
head support which is attached to the tabletop to 
perform the slice incrementation [Fig. 4-8]. A 
scanogram is not required. The tabletop is at a 
level of 10 cm below the isocenter. The gantry is 
tilted 20° forward. The light visor in the scan plane 
is positioned at the level of the medial margin of 
the iris. It is extremely important to check that the 
patients shoulder (on the side of the ear under 
examination) does not intersect the scan plane. 
Table incrementation is in the inward direction. 
This direction is mandatory to maintain the sagit
tal plane in the head parallel to the scan plane.

* Semiaxial plane. The patient is in the prone 
position and positioned exactly as for the coronal 
plane, except for the fact that an additional table 
swivel of 20° is applied in such a way that the 
patient’s left shoulder is close to the patient aper
ture cone when the right temporal bone is ex
amined [Fig. 4-9] and vice versa. As the move
ment of the patient from the external light visor 
plane to the scan plane is over a fixed distance, the

use of table swivel implies that the light visor in 
the scan plane (internal light visor) is to be ap
plied. The line of this light visor is placed at a 
position about 2 cm anterior to the margin of the 
tragus of the ear under examination. Table in
crementation is in the inward direction.

* Semilongitudinal plane. This is the same posi
tion as for the semiaxial plane except for the fact 
that in this case the opposite ear is examined [Fig.
4-10]. This also means that the patient is 
positioned with the internal light visor line at the 
margin of the tragus of the ear under examina
tion.

* Axiopetrosalplane. This is the same position as 
for the semiaxial plane, except for the fact that 
instead of the standard coronal head rest a special 
swiveled head rest is used which rotates the pa
tients head an additional 20° with respect to the 
situation in scanning of the semiaxial plane, which 
adds up to a total difference of 40° with respect to 
the situation in scanning of the coronal plane. 
This brings the pyramidal axis of the petrous bone 
more or less perpendicular to the scan plane. 
When the right ear is examined the left shoulder is 
adjacent to the patient aperture cone and the 
head is turned towards the patients right side [Fig.

Fig. 4-8. Patient positioning for examination of the temporal bone in the sagittal plane. (From: Zonneveld, 1983a)
a. Patient position, special patient support and gantry position.
b. Scan plane orientation.
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%■ 4-9. Patient positioning for examination of the temporal bone in the semiaxial plane. (From: Zonneveld, 1983a) 
a- Patient position, table swivel and gantry position, 
b- Scan plane orientation.

% 4-10. Patient positioning for examination of the temporal bone in the semilongitudinal plane. (From: Zonneveld, 1983a) 
a- Patient position, table swivel and gantry position, 
b- Scan plane orientation.

4~ll]. The patient is positioned with the line of the 
'nternal light visor at a location about 3-4 cm 
anterior to the margin of the tragus.

Longitudinal plane. This is the same position as 
f°r the axiopetrosal plane, except for the fact that

in this case the opposite ear is examined [Fig. 4- 
12], This also means that the patient is positioned 
with the internal light visor line at the intersection 
of the posterior surface of the auricle and the skin 
covering the mastoid of the ear under examina
tion.
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Fig. 4-11. Patient positioning for examination of the temporal bone in the axiopetrosal plane. (From: Zonneveld, 1983a)
a. Patient position, special head rest, table swivel and gantry position.
b. Scan plane orientation.

Fig. 4-12. Patient positioning for examination of the temporal bone in the longitudinal plane. (From: Zonneveld, 1983a)
a. Patient position, special head rest, table swivel and gantry position.
b. Scan plane orientation.

* Inclined sagittal plane. The patient is in a semi- 
prone/semi-lateral decubitus position with the 
head in a lateral decubitus position on a special 
wedge-shaped head rest which brings the sagittal 
plane of the head in an inclination of about 40° 
with the horizontal plane [Fig. 4-13], The ear

opposite the one resting on the head rest is ex
amined. The gantry is tilted to bring the scan 
plane in a direction which encompasses an angle 
of 45° with the sagittal plane of the head. In this 
way the scan plane is parallel to the plane of the 
malleus and incus. The patient is positioned with
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^'9- 4-13. Patient positioning for examination of the tem
poral bone in the inclined sagittal plane. 
a- Patient position and gantry position, 
b- Scan plane orientation.

the external light visor line coinciding with the 
line that connects the lateral orbital margin (on 
the side of examination) with the point where the 
two superior incisors meet. The tabletop is at the 
level of 16 cm below the isocenter and the table 
incrementation is in the outward direction.

“1.2.3 Modified positions. There are alternative 
Positions for the semiaxial and semilongitudinal 
Planes in the sense that instead of using 20° table 
swivel in combination with a standard coronal 
head rest it is also possible to use the standard 
fable position in combination with the experimen- 
lal ‘swiveled’ head rests.
For the inclined sagittal plane it is also possible to 
Place the patient in a supine position, swivel the 
fable and flex the head laterally. However, in this 
Position it is difficult to keep the shoulder out of 
the scan plane.

4-3 Patient examination

This paragraph describes patient preparation, in
duction and scanning. We stress the value of the 
Precautions described here, as neglecting them 
111 ay lead to severe degradation of the image 
Quality.

4.3.1 Patient preparation. The following aspects 
of patient preparation (prior to scanning) are 
essential for a successful examination and should 
be checked by the X-ray technician:

- Removal of all metal parts that may interfere 
with the scans, such as ear rings, hair-pins, 
necklaces and dental prostheses. The latter 
need not be removed when the examination is 
restricted to the transverse and/or coronal 
planes.

- Explanation to the patient of why it is impor
tant to avoid movement during the examina
tion, such as head motion, lifting of arms and/or 
legs, coughing, swallowing etc.

- Making sure, prior to the examination, that 
there will be no need for the patient to go to the 
toilet during the scan procedure.

- Prevent the clothing from being too tight dur
ing the examination.

4.3.2 Patient instruction. The patient is in
structed prior to each scan that during the actual 
CT scan itself he or she is not allowed to swallow, 
to cough or to move [Fig. 1-15]. In the case of 
minor motion artifacts in critical areas with many 
bone-air interfaces (mastoid air cells, antrum, 
middle ear) the patient is also instructed to hold 
his breath during the scan. Between the scans the
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patient is requested to lie down quietly and relax, 
not to move head, legs and/or arms and not to 
cough. Although sneezing may be more difficult 
to prevent it may have the same effect as coughing 
(misregistration of the scans).

4.3.3 Imaging sequence. All scans are performed 
with a 1.5 mm slice thickness and 1.5 mm slice 
incrementation as well. For visual control the 
image is reconstructed before the next scan is 
taken. However, in the rare situation that a pa
tient has difficulty in maintaining his position for a 
long time, it is possible to take the scans in a batch 
mode and do the reconstructions afterwards 
(Reese et ah, 1981). We shall describe the start 
and end positions in terms of the anatomical 
details that are located at both ends of the exami
nation range [Table 14],

Due to the individual variations of normal 
anatomy it is possible that the first scan of a series 
in a given plane is not exactly the one it is 
supposed to be. By the use of the table increment 
(index) buttons the patient position can be 
corrected. When the first scan is part of, but not at 
the beginning of, the sequence it need not be 
scanned twice; it can be skipped and later on, 
during photography, it can be photographed at 
the correct position in the sequence.

When planes are scanned that image both ears 
simultaneously the field of view (FOV) is selected 
such that both temporal bones are incorporated 
simultaneously (transverse and coronal planes). 
Later on each temporal bone is reconstructed 
separately with an 8 cm FOV by using a batch 
reconstruction procedure. In the case of the other 
planes this FOV can be selected immediately 
(‘multiple zoom’).

PLANE START END

Transverse basal turn cochlea sup. semicirc. canal
Coronal ant. margin attic post, semicirc. can.
Sagittal intern, aud. meatus ext. audit, meatus
Semiaxial geniculate ganglion post, semicirc. can.
Semilongitudinal head of malleus post, semicirc. can.
Axiopetrosal cochlea post, semicirc. can.
Longitudinal ossicles post, semicirc. can.
Inclined sagittal scutum promontory

Table 14. Anatomical details that identify the start and end 
of the examination range in each different plane.

4.3.4 Image display and photography
The 8 cm FOV zoom reconstructions of the To- 
moscan 310/350 have a square shape and not 
circular as is often the case with other scanner 
models. This allows for the display of the squam
ous part of the temporal bone and, in the trans
verse scans, the occipitomastoid suture. For op
timum display of the bony tissues without loss of 
the contrast between soft tissue densities and air, 
the reconstructions are performed with a stan
dard Ramp convolution filter (no edge enhance
ment) [Par. 2.3.1], and a window level of 300 H 
and a window width of 3200 H is used.

For the display of very tiny structures such as 
the stapes [Fig. 4-14] or the chorda tympani nerve 
[Fig. 2-14] (Zonneveld, 1985) it is useful to recon
struct the image with the Macro View technique 
[Par. 2.3.4] and display it with a window level of 
—400 H and a window width of 2400 H which fits 
better to the CT-number range of small structures 
in a surrounding of air.

The recording of the scans with 1200 views 
(profiles) prevents streaking caused by view
undersampling which occurs when the view incre
ment is too large [Fig. l-7b and Par. 1.4.1], Our

Fig. 4-14. Comparison between a standard reconstruction 
and a MacroView reconstruction at the level of the stapes 
(arrow).
a. Standard reconstruction.
b. MacroView reconstruction. Note the sharper outlines of 

the crura in this reconstruction.
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earliest images which were made in 1981 used 
only 600 views and demonstrate this phenome
non. Some of these images were published by 
Schindler (1982).

4.3.5 Special techniques (air cisternography, 
Valsalva maneuver)
Air or gas cisternography is a technique used to 
examine the contents of the internal acoustic 
nteatus (e.g. in search of intracanalicular acoustic 
neurinomas) by means of a small injection (5 cc) 
°f gas or air intrathecally which acts as a negative 
contrast medium. In the early days, when the 
edge enhancement was still in use, the images 
Were not so clear (Bentson et ah, 1980) but mod
ern high-resolution CT is now widely used (An
derson et al, 1981; Pinto et ah, 1982; Harner and 
Reese, 1984; Johnson, 1984).

In order to keep the air or gas in the internal 
acoustic meatus, the patient has to remain in a 
lateral decubitus position during the scans. 
Therefore it was very useful to be able to position 
the scan plane parallel to the nasion-biauricular 
Plane with the help of the table swivel mechan
ism, After scanning one ear it was possible to 
move the patient to his other side via the prone 
Position and, as a result, move enough air from 
°ne side to the other to scan the other ear as well 
without additional administration of air.

The Valsalva maneuver has been suggested as 
an aid to studying the auditory tube (transverse. 
Inclined sagittal or longitudinal plane).

4-4 Correlative anatomy

The use of new cross-sectional planes requires the 
study of correlative anatomy in these cross-sec- 
donal planes. In this respect the descriptive (to
pographic) anatomy can help us only indirectly, 
and it is not in the line of this study to repeat this 
kind of description, many of which can be found 
elsewhere (Warwick and Williams, 1973; Dulac et 
al-, 1973; Romanes, 1981; Veillon, 1983). Most of 
the cross-sectional atlases are of little or no help, 
as practically all of them are insufficiently de- 
täiled (Eycleshymer and Schoemaker, 1970;

Koritké and Sick, 1983; McGrath and Mills,
1984). However, there were a few cross-sectional 
atlases that were detailed enough; two of them 
related pluridirectional tomography of the ear to 
cross-sectional anatomy (Rabischong et al., 1975; 
Valvassori and Buckingham, 1975) and one pro
vided detailed cross-sectional anatomy only 
(Thompson and Hasso, 1980). In our first attempt 
we were able to borrow some anatomy images 
from Rabischong et al. (1975) and correlated 
those with our high-resolution CT scans 
(Zonneveld et al., 1984). In the meantime a work
ing relationship had been established with Dr. 
Hillen (Department of Anatomy, University of 
Groningen) and with Dr. Wilbrand (Department 
of Diagnostic Radiology, University of Uppsala) 
and with their help it has been possible to make 
the cryosections that we will present in this para
graph. There are three kinds of anatomical cryo- 
images:

- Surface photographs of fresh specimens
- Surface photographs of fixed specimens
- Photographs of stained cryosections of 20 mi

crons thick

From the anatomic details that we considered to 
be visible in the CT scans we compiled a list that 
we will also use in the annotation of the CT scans. 
This list is attached to the end of this book and can 
be folded out.

We will now describe each plane separately. In 
order to do so it is necessary to identify the level of 
the scan. In this way the scans that originated 
from different patients can be combined in one 
sequence. The problem of the individual anatom
ical variability, however, remains (Heron, 1923; 
Muren and Wilbrand, 1986ab; Muren etal., 1986; 
Muren, 1986; Wadin et al., 1986; Wadin and 
Wilbrand, 1987). We will therefore introduce the 
concept ‘slice level’ which represents the distance 
in millimeters from the scan plane under consid
eration to a given landmark that will be defined 
for each plane independently [Table 15] and that 
can be easily recognized in the CT scans taken in 
that particular plane. In a number of instances we 
will present examples of anatomic variations.

In our CT scanner (Tomoscan 310/350) the 
minimum slice increment is actually 1.55 mm.
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PLANE LANDMARK IN PLANE

Transverse plane Manubrium of malleus
Coronal plane Head of malleus
Sagittal plane 3rd part facial canal
Semiaxial plane Head of malleus
Semilongitudinal plane Cupula of cochlea
Axiopetrosal plane Head of malleus
Longitudinal plane Posterior semicircular canal
Inclined sagittal plane Incudomalleolar joint

Table 15. Landmarks that have been selected as a refer
ence for the definition of the slice level in a given scan.

Usually we speak of a 1.5 mm increment. The 
discrepancy between these figures will cause a 
cumulative error in the slice level. Therefore we 
will take the exact slice increment into account 
and we will round off the slice level to a tenth of a 
millimeter. We will also correct the slice level for 
the deviaton caused by the table swivel. We de
fine the slice level as positive when the scan plane 
is lateral, superior or anterior to the CT reference 
point (landmark).

4.4.1 Transverse plane. As a landmark that can be easily recognized in the transverse plane we 
selected the manubrium of the malleus, as it is seen in one scan only. Although the beginning of the 
scan series usually starts at the level of the basal turn of the cochlea it may be useful in some cases 
(external acoustic meatus, hypotympanum) to study lower levels, which we have therefore included.

L-4.7 mm This scan is at the level of the mandibular condyle which is seen within the 
mandibular fossa. This level is below the tympanic cavity. The bony part of the 
auditory tube is seen anterior to the ascending part of the internal carotid artery [Fig.
4-15],

L-3.1 mm This is the level of the superior margin of the mandibular condyle. The external 
acoustic meatus seems to end with a threshold (the bony ridge to which the tympanic 
annulus is connected) before the crescent-shaped hypotympanum opens up. The 
tympanosquamosal (Glaser’s) fissure as well as the petrosquamosal fissure become 
visible (Virapongse et ah, 1983b). The bony part of the auditory tube is seen in 
connection with the hypotympanum [Fig. 4-16].

Fig. 4-15. CT anatomy in the transverse plane at the level of Fig. 4-16. CT anatomy in the transverse plane at the level of 
the mandibular condyle. See text for a more detailed descrip- the superior margin of the mandibular condyle. See text for a 
tion. more detailed description.
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39 50 39 4 61 79 121

42 105 49 78 42 84 105 50

Fi9- 4-17. CT anatomy in the transverse plane at the level of Fig. 4-18. CT anatomy in the transverse plane at the level of 
'he lower margin of the petrous part of the internal carotid the manubrium of the malleus. See text for a more detailed 
canal. See text for a more detailed description. description.

L- 1.6 mm This scan is taken at the lower margin of the petrous part of the internal carotid 
canal. We are now entering into the mesotympanum. The tympanic sulcus can be 
seen [Fig. 4-17].

L 0.0 mm

144

This level shows the manubrium of the malleus. Usually this plane coincides with the 
nasion-biauricular plane. The petrous part of the carotid canal is now completely 
shown and the tensor tympani muscle is separated from the auditory tube by a bony 
septum. Around the manubrium of the malleus there is a vague increased density 
representing the tympanic membrane, the visualization of which suffers severely 
from partial volume averaging in this plane; even with a 1.5 mm slice thickness. 
Posterolaterally of the carotid 
canal there is a patch of dense 
cortical bone. This is the most 
inferior part of the dense bone 
layer surrounding the laby
rinth. Note the descending part 
of the facial nerve canal being 
surrounded by mastoid air cells 
[Fig. 4-18]. This Figure does 
not demonstrate the jugular 
bulb, which may have a signifi
cant size at this level, and can 
be separated from the tympanic 
cavity only by a thin layer of 
cortical bone [Fig. 4-19]. 143 105 87

Fig. 4-19. CT scan at the same level as Fig. 4-18 showing a 
large jugular bulb posteromedially to the tympanic cavity 
from which it is separated by a thin bony wall. This informa
tion can be of value prior to surgery.
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144 6 59 23 79 121

143 119 42 11 47 20 38
Fig. 4-20. Correlative CT anatomy in the transverse plane 
malleus. See text for a more detailed description.
a. CT scan
b. Cryosectional surface aspect.

the level of the first turn of the cochlea and the neck of the

L + 1.6 mm The first turn of the cochlea is visible while the scan plane touches the second turn.
Posterior to the neck of the malleus is the long process of the incus in an oblique 
cross section. The tympanic sinus starts to open up and the entrance of the cochlear 
aqueduct is visible [Fig. 4-20].

L + 1.0 mm This scan is made at the superior margin of the petrous part of the carotid canal. The 
second turn of the cochlea is now opening up and demonstrates its separation by the 
bony spiral lamina. The cochlear aqueduct is seen medial to the cochlea [Fig. 4-21].

39 62 25 23

4 43 47 20 24 38

Fig. 4-21. Correlative CT anatomy in the transverse plane at the level of the superior margin of the petrous part of the carotid 
canal. See text for a more detailed description.
a. CT scan.
b. Cryosectional surface aspect.
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L + 3.1 mm This is the level of head and crura of the stapes [Fig. 4-32a], The tympanic sinus 
opens up completely [Figs. 4-23a and 4-24], Next to it is the pyramidal eminence 
[Fig. 4-22], The first and second turns as well as the cupula of the cochlea and the 
round window are now visible. The proximal part of the cochlear aqueduct is visible 
as a very thin line near the round window niche [Figs. 4-23 and 4-24], Lateral to the 
cochlea is the cochleariform process [Fig. 4-24], In some cases it can be seen together 
with the tendon and belly of the tensor tympani muscle [Fig. 4-22], This level is also 
at the inferior margin of the posterior semicircular canal [Figs. 4-23 and 4-24], In 
some patients the body of the incus can be seen at the same level as the stapes [Fig. 
4-24], This image shows the attachment of the short process of the incus to the 
Koerner spur (also called septum of Koerner) by means of the posterior ligament 
[Fig. 4-24],

Fig. 4-22. CT scan at the same level 
as in Fig. 4-23 showing the tendon of 
the tensor tympani muscle crossing 
over from the neck of the malleus to 
the cochleariform process and to its 
muscle.

Fi9- 4-23. Correlative CT anatomy in the transverse plane at the level of the stapes. See text for a more detailed 
CT scan.

b- Cryosectional surface aspect.

description.
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63 9 8 21 20 124 9 7 103 101 21 82 81

124 42 10 48 33 47 60

Fig. 4-24. CT scan at the same level as in Fig. 4-23. Note 
that the stapes and the body of the incus can be seen in the 
same plane. In this case the incudo-malleolar articulation is 
visualized.

123 41 56 103 102 82 121

42 33 48 34 19 71 121

Fig. 4-25. CT scan at the same level as in Fig. 4-26. Note 
that the bony wall of the second part of the facial nerve canal 
is relatively thick (white arrow heads) and can therefore be 
visualized in spite of the partial volume averaging with the air 
of the tympanic cavity.

42 46 84 33 34 99 71 21

Fig. 4-26. Correlative CT anatomy in the transverse plane at the level of the second part of the facial nerve canal. See text for 
a more detailed description.
a. CT scan.
b. Cryosectional surface aspect.

L + 4.6 mm This scan shows the second part of the facial nerve canal. It is separated from the 
tympanic cavity by a very thin bone layer, which is often not visualized due to the 
partial volume averaging with the surrounding air of the tympanic cavity. This may 
complicate the detection of a defect or dehiscence of the canal (Wilbrand and 
Bergström, 1975). Only when a relatively thick wall is present is it demonstrated in 
the CT scan [Fig. 4-25].
This level demonstrates the vestibule with the oval window, and in this patient [Fig. 
4-26a], between the latter and the facial nerve canal, the oval window niche is visible. 
The posterior semicircular canal is seen in connection with the vestibule via the
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Fig. 4-27. Comparison of two ex
tremes of pneumatization (see also 
Fig. 4-33).
a. Dense temporal bone with air only 

present in the tympanic cavity.
b. Excessive pneumatization includ

ing apical and periaqueductal air 
cells.

ampulla of the posterior semicircular canal. The internal acoustic meatus is visible 
and only the second turn of the cochlea can be seen. The superior margins of the 
malleus and incus are demonstrated and posterior to this the aditus ad antrum [Fig. 
4-26]. This level gives a good impression of the pneumatization which can vary 
greatly between individuals [Fig. 4-27],

L + 6.2 mm This is the level of the lateral semicircular canal. Together with the vestibule and the 
ampulla, it can form a ring when the patient is positioned correctly. Anterior to the 
vestibule there are two canals; the most posterior one is for the superior vestibular 
nerve and the more anterior one for the facial nerve connecting the internal acoustic

30 101 100 21

42 84 29 33 37 19 98 71

% 4-28. Correlative CT anatomy in the transverse plane at the level of the lateral semicircular canal. See text for a more 
detailed description. 
a- CT scan.
b- Cryosectional surface aspect.

83



Chapter 4

meatus with the fossa of the geniculate ganglion. The anterior part of the fossa of the 
geniculate ganglion can be in direct contact with the dura [Fig. 4-28] or it can also be 
covered by a bony layer. In such cases the canal of the greater petrosal nerve can be 
seen [Fig. 4-29].
The first third of the second part (tympanic portion) of the facial canal is generally 
seen together with the first part (petrous or labyrinthine portion) of the facial canal, 
forming together the acute angle of the facial nerve canal at the location of the fossa 
of the geniculate ganglion. Sometimes this applies to the complete second part of the 
facial canal [Fig. 4-30] and sometimes it does not occur at all.
The internal acoustic meatus is usually oriented in the direction of the coronal plane. 
However, variations do occur (Muren, 1986) [Fig. 4-31], The contents of the internal 
acoustic meatus can be visualized by means of (air) cisternography [Par. 4.3.5], The 
7th and 8th nerves are usually seen as one nerve until they separate laterally in the

40 103 101 102 100

42 29 33 36 19 71
Fig. 4-29.

103 101 102 21

Fig. 4-29. The fossa of the geniculate ganglion is covered 
by petrous bone. As a result the canal of the superficial 
petrosal nerve is visualized.

Fig. 4-30. This scan shows both the first and the second 
part of the facial nerve canal at the same level.

Fig. 4-31. Normal variations of the orientation of the internal 
acoustic meatus.
a. Anterior orientation.
b. Posterior orientation.
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129 11 6 15 95 75 93

14 83 16 48 76 17 94

31 77 97 74

33 31

^'9- 4-33. Normal variants of the medial wall of the petrous 
bone with different degrees of periaqueductal pneumatiza- 
'ion. a. none b. minor c. moderate d. exces
sive.

42 9 7 21 113

84 33 19 71 93 96

Fig. 4-32. Normal air-cisternographic examination.
a. This scan shows the 8th nerve and the meatal loop of the 

AICA crossing over it. (From: Zonneveld, 1985)
b. This scan shows the vestibulocochlear and the facial 

nerves.
c. This scan shows the trigeminal nerve and the superior 

cerebellar artery.

a. b.

c. d.
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meatus. In some cases the facial nerve can be seen [Fig. 4-32b], Sometimes a loop of 
the anterior inferior cerebellar artery is seen inside the meatus (meatal loop) [Fig. 4- 
32a], In order to separate nerves from vessels it has been suggested to combine air 
cisternography with the administration of intravenous contrast medium.
At this level, usually the peripheral part of the vestibular aqueduct can be visualized. 
The shape of the medial margin of the petrous bone may vary significantly, also 
including a periaqueductal pneumatization [Fig. 4-33] (Stahle and Wilbrand, 1983).

L + 7.7 mm This level with the common crus is above the vestibule. The cross section with the 
labyrinth shows three dots in a triangular configuration. The anterior dot represents 
the ampulla of the superior semicircular canal, which explains its larger size. The 
medial dot represents the common crus and the posterior dot represents the 
posterior semicircular canal. Often the vestibular aqueduct can be seen medially to 
the common crus and the posterior semicircular canal [Fig. 4-34].

32 71 121

42 33 36 35

Fig. 4-34. Correlative CT anatomy in the transverse plane at the level of the common crus of the superior and the posterior 
semicircular canals. See text for a more detailed description, 
a. CT scan. b. Cryosectional surface aspect.

L + 9.3 mm This level containing the pet- 
romastoid canal usually also 
shows the superior limb of the 
posterior semicircular canal to 
branch off from the common 
crus [Fig. 4-35] but the pet- 
romastoid canal also may be

Fig. 4-35. CT scan at the level where 
the superior limb of the posterior semi
circular canal can be seen branching 
off from the common crus with the 
petromastoid canal passing anterior to 
it.

31 77 114

86 118 140 33 35
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just superior to this point [Fig. 4-36], The petromastoid canal conveys the subarcuate 
artery (Wilbrand et ah, 1986) and is the remnant of the subarcuate sinus in 
embryonic developmental stages [Fig. 4-37], The entrance of the petromastoid canal 
(subarcuate fossa) should not be confused with the superior margin and porus of the 
internal acoustic meatus [Fig. 4-38]. In air cisternography the trigeminal nerve and 
the superior cerebellar artery can be seen [Fig. 4-32c],

77 121

84 31

% 4-36. Correlative CT anatomy in the transverse plane at the level of the petromastoid canal. See text for a more detailed
description.
a- CT scan.
d- Cryosectional surface aspect.

d. e.
Fig. 4-37. CT scan of a cadaver fetus with a vertex-caudal length of 17 cm showing the subarcuate sinus (arrow) within the 
superior semicircular canal which in the adult is narrowed to the petromastoid canal. 
a- Transverse plane, 
bude. Axiopetrosal plane.
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Fig. 4-38. Patient with a wide en
trance (subarcuate fossa) of the pet- 
romastoid canal (arrow). Such a wide 
entrance can be confused with the in
ternal acoustic porus and meatus. 
Note the pneumatization alongside the 
petromastoid canal (small arrow 
heads).

L + 10.8 mm The anterior and posterior limbs of the superior semicircular canal can, at this level, 
be seen in cross-section [Fig. 4-39].

31

42

Fig. 4-39. Correlative CT anatomy in the transverse plane at the level of the superior semicircular canal. See text for a more 
detailed description.
a. CT scan.
b. Cryosectional surface aspect.

4.4.2 Coronal plane. As reference landmark we have selected the centre of the head of the malleus. 
The level value increases as the level moves in the anterior direction. We will discuss the scans from 
anterior to posterior.

L + 1.0 mm At this level, the fossa of the geniculate ganglion is shown just inferior to the cranial 
vault and superolaterally to the cochlea. The scan plane is tangent to the anterior 
surface of the head of the malleus. Due to air cell formation the attic is not well 
demarcated. Inferior to the cochlea the ascending part of the internal carotid canal is 
seen with, lateral to it, the vaginal process of the tympanic bone. Lateral to the 
cochlea is the belly of the tensor tympani muscle [Fig. 4-40].
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109 58 7 101 21 20

5 62 111 78 139
Fig. 4-40. Correlative CT anatomy In the coronal plane at the level of the fossa of the geniculate ganglion. See text for a more
detailed description.
a- T scan. b. Cryosectional surface aspect.

L - 0.5 mm This is the level of the cochleariform process. The disadvantage of the coronal plane 
is that it intersects most anatomic details obliquely. This is demonstrated by the 
ossicles not being imaged in their entirety at any level. The head of the malleus is 
shown together with a part of the body of the incus lateral to it, while the manubrium 
is shown almost separately.
The first and second turns of the cochlea are imaged together with, superolaterally, 
two gray dots representing the first and second part of the facial canal. The latter of 
these is just superior to the cochleariform process. The lateral wall of the attic with 
the scutum and the external acoustic meatus are now well visualized. The tympanic 
membrane is difficult to see due to partial volume averaging with the surrounding air 
[Fig. 4-41],

40 9 103 100 60 21

53 54 7 4 1 78 20 139

% 4-41. Correlative CT anatomy in the coronal plane at the level of the cochleariform process. See text for a more detailed
description.
a- T scan. b. Cryosectional surface aspect.
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L - 2.0 mm This is the level of the long process of the incus, which is shown almost separately 
from the short process of the incus. The first turn of the cochlea is shown together 
with the promontory and connects via the vestibule, which starts to open up, to the 
anterior limb of the superior semicircular canal and its ampulla. Also the anterior 
limb of the lateral semicircular canal starts to open up and inferior to it the second 
part of the facial canal can be seen, albeit without its bony wall due to the partial 
volume averaging. As the internal acoustic meatus is intersected at its anterior 
portion the falciform crest is seen dividing the fundus of the internal acoustic meatus 
where the acoustic nerve enters the cochlea and the facial nerve enters the first part 
of the facial canal. All three levels of the tympanic cavity are shown here in one 
plane; the attic, the mesotympanum and the hypotympanum [Fig. 4-42],

Fig. 4-42. Correlative CT anatomy in the coronal plane at the level of the long process of the incus. See text for a more 
detailed description.
a. T scan. b. Cryosectional surface aspect.

L - 3.5 mm This is the level of the oval win
dow which appears as a soft 
tissue interface between the 
vestibule and the air in the oval 
window niche. Another soft 
tissue interface is seen more in- 
feriorly and represents the 
round window. Inferior to the

Fig. 4-43. Pseudo-stenosis of the in
ternal acoustic meatus due to an ob
liquely oriented variant.
a. Coronal plane showing the pseudo

stenosis.
b. Transverse plane showing the true 

orientation of the internal acoustic 
meatus.

90



Chapter 4

109 29 31 18 72 71

39 103 128 127 46 28 85

Fig. 4-44. Correlative CT anatomy in the coronal plane at the level of the oval window. See text for a more detailed 
description.
a- CT scan. b. Cryosectional surface aspect.

mesotympanum the styloid process is seen with its marrow, which should not be 
mistaken for the third part of the facial canal. In Fig. 4-44a the internal acoustic 
meatus appears to have a rectangular cross section at this level. It is also possible that 
the canal seems to have a bulging appearance, which may mean that the canal is not 
parallel to the coronal plane [Fig. 4-43], The anterior limb of the lateral semicircular 
canal is shown while the arc of the superior semicircular canal is now seen in cross 
section [Fig. 4-44].

L - 5.0 mm This is the level of the cochlear aqueduct. At this level the arches of both the lateral 
and the superior semicircular canals are intersected. The petromastoid canal is 
shown as it proceeds underneath the arc of the superior semicircular canal. As the

f<9- 4-45. Correlative CT anatomy in the coronal plane at the level of the cochlear aqueduct. See text for a more detailed
description.
a- CT scan. b. Cryosectional surface aspect.
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cochlear aqueduct tapers, it approaches the first turn of the cochlea. This part of the 
cochlea is seen in connection with the vestibule. The air space just lateral to it is the 
tympanic sinus and the gray dot just lateral to that is the second genu of the facial 
canal. The bony structure between the latter two is the pyramidal eminence with a 
gray speck in its center representing the stapedius muscle. Inferolaterally to the 
cochlear aqueduct is the jugular fossa and in between those two is the groove to the 
mixed nerves (IX, X and XI). Medial to the jugular fossa is the hypoglossal canal 
while lateral to the jugular bulb the stylomastoid foramen can be seen [Fig. 4-45].

L - 6.5 mm This level shows the third (mastoid) part of the facial canal which can be followed all 
the way from the second genu to the stylomastoid foramen. Medial to the genu is a 
gray dot representing the stapedius muscle. The air space medial to this is the

66 29 31 35 89 38 91 90

104 105 108 33 88 92

Fig. 4-46. Correlative CT anatomy in the coronal plane at the level of the third part of the facial nerve canal. See text for a more 
detailed description.
a. CT scan. b. Cryosectional surface aspect.

109 86

117 125 33 88

Fig. 4-47. Correlative CT anatomy in the coronal plane at the level of the arc of the posterior semicircular canal. See text for a
more detailed description.
a. CT scan. b. Cryosectional surface aspect.
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tympanic cavity and medial to this is the posterior semicircular canal. The scan plane 
intersects the posterior limbs of the lateral and superior semicircular canals and the 
common crus. The antrum is now separating out into the mastoid air cells. The 
groove to the mixed nerves has completely opened up, while the hypoglossal canal is 
connecting with the cranial vault [Fig 4-46]. In the anatomy section [Fig. 4-46b] the 
facial canal is located more posteriorly.

L - 9.5 mm This level shows the arc of the posterior semicircular canal, which is surrounded at 
two sides by the mastoid air cells which now extend all the way down to the mastoid 
process [Fig. 4-47],

4.4.3 Sagittal plane. As reference landmark we have selected the third part of the facial canal. The 
level value decreases as the level moves in the medial direction. We will discuss the scans from lateral to 
medial.

L + 6.0 mm This level, near the centre of the mandibular condyle shows the temporomandibular 
joint. The tympanic bone partly surrounds the external acoustic meatus. Its anterior 
margin, the tympanosquamosal fissure, is difficult to see at this level. However, the 
petrotympanic fissure is very clear. Posterior to it are the mastoid air cells and 
posterior to them is the sulcus of the sigmoid sinus [Fig. 4-48].

L + 3.0 mm This level shows the lateral margin of the body and the short process of the incus and 
just below these the tip of the scutum which separates the attic from the external 
acoustic meatus [Fig. 4-49].

TSa 129 70 42 126 84 140

133 39 137 125 116

f'9- 4-48. CT anatomy in the sagittal plane at approximate- 
'y the center of the mandibular condyle. See text for a more 
detailed description.

132 129 54 9 10

133 39 117 84

Fig. 4-49. CT anatomy in the sagittal plane at the level of the 
lateral margin of the body of the incus. See text for a more 
detailed description.
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L + 1.5 mm This is the level of the body of the incus. The tympanosquamosal fissure is clearly 
demonstrated. Part of the head of the malleus coalesces with the body of the incus. 
The third part of the facial canal starts to open up [Fig. 4-50],

L 0.0 mm At this level the complete descending (third or mastoid) portion of the facial canal is
shown from the second genu to the stylomastoid foramen. The manubrium of the 
malleus is visualized anterior to the long process of the incus. The arc of the lateral 
semicircular canal is demonstrated. Anteroinferior to the second genu is the fossa of 
the stapedius muscle with its tendon. This level also shows the vaginal process of the 
tympanic bone [Fig. 4-51].

132 6 9 103 126

133 141 39 105 120 84

Fig. 4-50. Correlative CT anatomy in the sagittal plane at the level of the body and short process of the incus. See text for a 
more detailed description.
a. CT scan.
b. Cryosectional surface aspect.

132 129 141 7 40 11 29 104 105

133 4 39 111 65 108 66 84

Fig. 4-51. Correlative CT anatomy in the sagittal plane at the level of the descending part of the facial canal. See text for a 
more detailed description.
a. CT scan. (From: Zonneveld, 1983a)
b. Cryosectional surface aspect.
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L - 2.0 mm This is the level of the oval window niche. The tympanic cavity has superiorly two 
offshoots; the anterior one is the oval window niche and the posterior one is the 
tympanic sinus. Superior to the oval window niche is a large gray area representing 
the ampullae of the lateral and superior semicircular canals. Posterior to this area is 
the cross section of the posterior limb of the lateral semicircular canal and posterior 
to that are the cross sections of the superior and inferior limbs of the posterior 
semicircular canal. Superior to the posterior limb of the lateral semicircular canal is a 
faint gray spot representing the petromastoid canal in cross section. Finally, 
superior to the latter is the cross section of the arc of the superior semicircular canal. 
The bony protrusion at the inferior end of the temporal bone is the styloid process

30 32 31 77

141 46 127 48 29 33 84

f'9- 4-52. Correlative CT anatomy in the sagittal plane at the level of the oval window niche. See text for a more detailed
description.
a- CT scan.
d- Cryosectional surface aspect.

separate from the tympanic bone. This level is medial to the mandibular condyle 
[Fig. 4-52],

L - 3.5 mrn This level of the round window and the round window niche shows the vestibule in its
largest cross-sectional area. Also connected to the vestibule are the ampulla of the 
posterior semicircular canal and the common crus which splits into the posterior 
semicircular canal and the superior semicircular canal. Anterior to the latter is the 
petromastoid canal. Anterior to the superior margin of the vestibule is the fossa of 
the geniculate ganglion. Not visible in this patient, but usually present at this level, is 
the vestibular aqueduct (this patient was suspected of having Ménière’s disease) 
[Fig. 4-53],

L - 5.0 mm This is the level of the first part of the facial canal superior to the cochlea which is 
marginally intersecting this plane. This level is at the medial margin of the round 
window which is now seen in combination with the first turn of the cochlea [Fig. 4- 
54],
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101 19 77 31 33

45 20 28 47 34 35

Fig. 4-53. Correlative CT anatomy in the sagittal plane at the level of the round window and geniculate ganglion. See text for a 
more detailed description.
a. CT scan.
b. Cryosectional surface aspect.

100 72 19 31 35

22 20 28 47 34 84

Fig. 4-54. Correlative CT anatomy in the sagittal plane at the level of the first part of the facial nerve canal. See text for a more 
detailed description.
a. CT scan.
b. Cryosectional surface aspect.

L - 6.5 mm This is the level of the modiolus of the cochlea. The cochlea is shown in cross section 
and displays the tiny canals of the branches of the cochlear nerve from the cochlear 
spiral to the fundus of the internal acoustic meatus. Inferior to the latter are the 
carotid canal and the jugular fossa. The gray area at the top of the petrous bone is the 
widened entrance of the petromastoid canal [Fig 4-55]. In Fig. 4-56 a scan is shown 
taken at the same level in a cadaver demonstrating the position of the vestibular 
aqueduct.
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21 26 77 71 113

78 128 127 88 20 27 139

f'9- 4-55. Correlative CT anatomy in the sagittal plane at the level of the modiolus of the cochlea. See text for a more detailed 
Ascription.
a- CT scan. (From: Zonneveld et al., 1983a) 
b- Cryosectional surface aspect.

22 27 71 36

78 20 88 84

50 20 71

Fig. 4-56. Sagittal scan in a normal cadaver at the same 
level as in Fig. 4-55. This scan shows the distal part and 
external aperture of the vestibular aqueduct.

<

Fig. 4-57. Correlative CT anatomy in the sagittal plane at 
the level of the first turn of the cochlea. See text for a more 
detailed description.
a. CT scan.
b. Cryosectional surface aspect.

V

135 136 78 88
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L - 8.0 mm This level shows the relative positions of the internal acoustic meatus and the 
transition between the first and second turns of the cochlea. It seems as if the canal of 
the internal carotid artery contains air; however, this is the bony part of the auditory 
tube. Anterior to this is the foramen spinosum. The narrow canal posterior to the 
foramen spinosum is Jacobsons’ canal which conducts the tympanic nerve [Fig. 4-
57].

4.4.4 Semiaxial plane. As reference landmark we have selected the head of the malleus. The level 
value decreases as the level moves in the posterior direction. We will discuss the scans from anterior to 
posterior.

L + 3.0 mm This level coincides with the fossa of the geniculate ganglion. It shows the anterior 
part of the internal acoustic meatus with, lateral to it, the cochlea. Superolateral to 
the cochlea is the fossa of the geniculate ganglion, which, in this case, has only a 
minor bony cover. Inferolateral to the cochlea is the tensor tympani muscle. This 
level clearly demonstrates the temporomandibular joint [Fig. 4-58].

109 129 62 101 21 20 71

133 40 139

Fig. 4-58. Correlative CT anatomy in the semiaxial plane at the level of the fossa of the geniculate ganglion. See text for a 
more detailed description.
a. CT scan.
b. Cryosectional surface aspect.

L + 1.5 mm This level shows the first part of the facial canal from its meatal foramen above the 
falciform crest to the fossa of the geniculate ganglion and on to the beginning of the 
second part of the facial canal which is seen in cross section, above the beginning of 
the tensor tympani muscle, at the cochleariform process. The cochlea is shown in an 
oblique cross section [Fig. 4-59].

L 0.0 mm At this level the head, neck and lateral process of the malleus are visualized together
with the tendon of the tensor tympani muscle traversing the tympanic cavity to the 
cochleariform process. As the scan plane is more or less perpendicular to the 
tympanic membrane, it is reproduced by the CT scan thanks to the reduced partial 
volume averaging. Inferior to the internal acoustic meatus the first turn of the 
cochlea is seen in cross section [Fig. 4-60].
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103 100 73 71

62 26 20 72

%. 4-59. Correlative CT anatomy in the semiaxial plane at the level of the first part of the facial canal. See text for a more 
detailed description.
a- CT scan. (From: Zonneveld et al., 1983a) 
b. Cryosectional surface aspect.

6 7 59 103 100 71

5 39 1 45 20 72

Fig. 4-60. Correlative CT anatomy in the semiaxial plane at the level of the head of the malleus. See text for a more detailed
description.
a- CT scan.
b- Cryosectional surface aspect.

L - 1.5 mm At the level of the incus and the round window the body of the incus is imaged while 
the long process remained just outside the scan plane. Inferior to the incus is the 
manubrium of the malleus with the umbo of the tympanic membrane. Above the 
oval window niche the second part of the facial canal can be seen in cross section. The 
vestibule is shown together with the ampullae of the lateral and superior semicircular 
canals, the anterior limb of the superior semicircular canal and the first turn of the 
cochlea. The posterior margin of the internal acoustic meatus is at this level. The 
tegmen tympani is so thin that, due to the partial volume averaging, it is scarcely or 
not visualized. The scutum is visible and the external acoustic meatus starts to open 
up [Fig. 4-61].

99



Chapter 4

69 40 30 31 32 18 46 38

9 55 54 103 4 3 68 20 88 92
Fig. 4-61. Correlative CT anatomy in the semiaxial plane at the level of the body of the incus, the manubrium of the malleus 
and the oval window. See text for a more detailed description.
a. CT scan.
b. Cryosectional surface aspect.

L - 3.0 mm This is the level of the aditus ad antrum. The lateral wall of the attic (epitympanic 
recess) is well outlined as well as the scutum, the external acoustic meatus and the 
short process of the incus in cross section. The cross section of the tympanic 
membrane forms a straight line, directly suspended from the scutum.
The arc of the lateral semicircular canal is seen in cross section while the posterior 
limb of the superior semicircular canal is seen in conjunction with the common crus. 
The second part of the facial canal is seen in between the lateral semicircular canal 
and the round window niche. At this level, the legmen antri is concave [Fig. 4-62J.

Fig. 4-62. Correlative CT anatomy in the semiaxial plane at the level of the aditus ad antrum with the short process of the 
incus. See text for a more detailed description.
a. CT scan.
b. Cryosectional surface aspect.
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39 48 19 31 35 34

29 103 1 44 128 127 88 92

Rg. 4-63 Correlative CT anatomy in the semiaxial plane at the level of the common crus. See text for a more detailed
description.
a- CT scan. b. Cryosectional surface aspect.

L - 4.5 mm At this level of the common crus the cross section of the labyrinth shows a triangular 
shape. At the centre is the posterior limb of the lateral semicircular canal connecting 
to the common crus which runs upward. The base of the triangle is formed by the arc 
of the lateral semicircular canal and by the ampulla of the posterior semicircular 
canal with the facial canal and the tympanic sinus in between. This level is also at the 
posterior margin of the tympanic membrane [Fig. 4-63].

L - 6.0 mm This is the level of the posterior limb of the lateral semicircular canal. Superomedial 
and inferomedial to it are the cross sections of respectively the superior and inferior 
limbs of the posterior semicircular canal. Inferomedial to the superior limb is the 
distal part of the vestibular aqueduct. This cross section is near the curve in the 
aqueductal course which is next to the common crus [Fig. 4-64],

70 42 48 29 33 36

39 104 110 111 127 128 33 88

Fig, 4-64 Correlative CT anatomy in the semiaxial plane at the level of the posterior limb of the lateral semicircular canal. See
text for a more detailed description.
a- CT scan. (From: Zonneveld et al., 1983a)
b. Cryosectional surface aspect.

101



Chapter 4

70 42 33 36

39 48 105 128 127 88 131

Fig. 4-65. Correlative CT anatomy in the semiaxial plane at the level of the distal part of the vestibular aqueduct. See text for a 
more detailed description.
a. CT scan.
b. Cryosectional surface aspect.

L - 7.5 mm At this level the distal part of the vestibular aqueduct is seen on its downward course 
from the level of the common crus. It is seen medially to the posterior semicircular 
canal. Inferior to it is the jugular fossa [Fig. 4-65].

L-9.0 mm This is the level of the arc of the posterior semicircular canal. Inferior to it is the third 
part of the facial canal [Fig. 4-66].

Fig. 4-66. Correlative CT anatomy in the semiaxial plane at the level of the arc of the posterior semicircular canal. See text for 
a more detailed description.
a. CT scan.
b. Cryosectional surface aspect.
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4.4.5 Semilongitudinal plane. As reference landmark we have selected the cupula of the cochlea. The 
level value decreases as the level moves in the posterior direction. We will discuss the scans from 
anterior to posterior.

L + 3.0 mm This is the level of the bony part of the auditory (Eustachian) tube. It is inferior to the 
tensor tympani muscle. The attic starts to open up and is seen in communication with 
some epitympanic cells [Fig. 4-67],

40 61

Fig. 4-67. CT anatomy in the semilongitudinal plane at the 
level of the bony part of the auditory tube. See text for a more 
detailed description. (From: Zonneveld et al., 1983b)

L + 1.5 mm This level shows the head of the malleus and the body of the incus. Together they 
have the typical shape of a grape seed. The tympanic membrane can be traced from 
the scutum to the lateral process of the malleus (pars flaccida) and then to the 
tympanic sulcus (pars tensa). This level also demonstrates the position of the ossicles 
in relation to the external acoustic meatus [Fig. 4-68].The petrous portion of the 
carotid canal can sometimes be very well visualized in this plane [Fig. 4-69],

69 53 9 7 6

39 55 2 5 3 79 51 52

%. 4-68. Correlative CT anatomy in the semilongitudinal plane at the level of the head of the malleus and the body of the
incus. See text for a more detailed description.
a- CT scan. (From: Zonneveld et al., 1983b)
b. Cryosectional surface aspect.
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Fig. 4-69. CT scan atthe same level as in Fig. 4-68. Note the 
perfect course of the petrous part of the internal carotid 
canal.

OO
Fig. 4-71. Correlative CT anatomy in the semilongitudinal 
plane at the level of the second turn of the cochlea. See text 
for a more detailed description.
a. CT scan. (From: Zonneveld et al., 1983b)
b. Cryosectional surface aspect.

L 0.0 mm At this level the cupula of the cochlea is seen surrounded by the dense cortical bone
of the labyrinthine capsule. Superomedial to it the cross sections of the first and 
second parts of the facial canal are shown. The short and the long processes of the 
incus are displayed together in this plane and inferomedial to the long process the tip 
of the manubrium of the malleus is visible [Fig. 4-70],

69 40 103 100 22

10 39 11 4 44 79

Fig. 4-70. Correlative CT anatomy in the semilongitudinal plane at the level of the cupula of the cochlea. See text for a more 
detailed description.
a. CT scan. (From: Zonneveld et al., 1983b)
b. Cryosectional surface aspect.

L - 1.5 mm This is the level of the second turn of the cochlea. Superior to it is the first part of the 
facial canal in cross section and lateral to that are the anterior limbs of the superior 
and lateral semicircular canals. Inferior to the latter is the oval window niche with the 
long process of the incus [Fig. 4-71].
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10 30 31 32 100

43 103 11 46 20 21

L - 3.0 mm At this level the first turn of the cochlea and the promontory are shown adjacent to 
each other. A small bud on the lateral surface of the cochlea marks the position of the 
round window. Superior to that is the oval window. Medial to the vestibule is a part 
of the fundus of the internal acoustic meatus separated from the first part of the facial 
canal superior to it by the falciform crest [Fig. 4-72],

142 42 70 19 31 100 73

29 18 28 127 68 20 72

Fig. 4-72. Correlative CT anatomy in the semilongitudinal plane at the level of the first turn of the cochlea. See text for a more 

detailed description.
a- CT scan. (From: Zonneveld et al., 1983b) 
b- Cryosectional surface aspect.

L - 4.5 mm This is the level of the common crus. Its connection with the posterior limb of the 
superior semicircular is shown. Lateral to the common crus is the posterior limb of 
the lateral semicircular canal and inferior to it is the inferior limb of the posterior 
semicircular canal with its ampulla. This level demonstrates the third part of the 
facial canal with the styloid process inferomedial to it. The internal acoustic meatus 
has a bulging appearance as it is intersected obliquely [Fig. 4-73],
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70 33 29 31 35

42 105 127 34 99 71

Fig. 4-73. CT anatomy in the semilongitudinal plane at the 
level of the common crus. See text for a more detailed 
description. (From: Zonneveld et al., 1983b)

70 42 33 31 71

117 125 35

Fig. 4-74. Correlative CT anatomy in the semilongitudinal 
plane at the level of the arc of the posterior semicircular 
canal. See text for a more detailed description. (From: 
Zonneveld et al., 1983b)

L-6.0 mm This is the level of the arc of the posterior semicircular canal. At the top its 
connection with the superior semicircular canal and the common crus is just visible 
[Fig. 4-74].

4.4.6 Axiopetrosal plane. As reference landmark we have selected the head of the malleus. The level 
value decreases as the level moves in the posterior direction. We will discuss the scans from anterior to 
posterior.

L + 2.3 mm This is the level of the fossa of the geniculate ganglion [Fig. 4-75]. The description of 
this level is comparable to that of level 3.0 in the semiaxial plane [Par. 4.4.4] [Fig. 4-
58]. The main difference between the two images is the shape of the intersection with 
the mandibular condyle and the fact that the axiopetrosal plane passes through the 
cervical spine while the semiaxial plane passes through the skull base.

109 129 101 20 71

133 40 21 85 92

Fig. 4-75. Correlative CT anatomy in the axiopetrosal plane at the level of the fossa of the geniculate ganglion. See text for a
more detailed description.
a. CT scan. b. Cryosectional surface aspect.
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L + 1.2 mm This is the level of the first part of the facial canal [Fig. 4-76]. The description of this 
level is also comparable to that of level 1.5 in the semiaxial plane [Par. 4.4.4] [Fig. 4-
59],

L 0.0 mm This level shows the malleus in its full extent with head, neck, manubrium and lateral
process. Also the pars flaccida of the tympanic membrane can be identified. From 
the neck of the malleus the tendon of the tensor tympani muscle can be seen to cross 
over to the medial wall of the tympanic cavity. The oval window niche starts to open 
up. The vestibule is seen superiorly in connection to the superior semicircular canal 
and its ampulla, and inferiorly with the first turn of the cochlea. The jugular bulb is 
relatively high [Fig. 4-77].

100 86 71

20 88 134 92 131

Fig- 4-76. ' Correlative CT anatomy in the axiopetrosal plane at the level of the first part of the facial canal. See text for a more 
detailed description.
a- CT scan. b. Cryosectional surface aspect.

Fig- 4-77. Correlative CT anatomy in the axiopetrosal plane at the level of the malleus. See text for a more detailed
description.
a- CT scan. b. Cryosectional surface aspect.
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40 103 29 31 77 18 19 87

9 1 107 11 4 12 13 20

Fig. 4-78. Correlative CT anatomy in the axiopetrosal plane at the level of the long process of the incus. See text for a more 
detailed description.
a. CT scan.
b. Cryosectional surface aspect.

L-l.1 mm The complete incus can be seen at this level. Also the incudostapedial joint is 
demonstrated. Inferior to this is the tip of the manubrium of the malleus. The 
vestibule is seen together with the anterior limb of the lateral semicircular canal. 
Below it is the cross section of the second part of the facial canal. The arc of the 
superior semicircular canal is in an oblique cross section with, inferior to it, the 
petromastoid canal in cross section [Fig. 4-78]. When a Macro View reconstruction is 
applied at this level the chorda tympani nerve can be seen in cross section between 
the long process of the incus and the tympanic membrane [Fig. 2-14].

L - 2.3 mm This is the level of the short process of the incus in the aditus ad antrum, where it is 
seen as a white dot just medial to the lateral wall of the attic. The cross sections of the

141 53 10 29 103 35 19

39 110 137 34 87 131 130

Fig. 4-79. Correlative CT anatomy in the axiopetrosal plane at the level of the short process of the incus. See text for a more 
detailed description.
a. CT scan.
b. Cryosectional surface aspect.
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semicircular canals form a triangular pattern, the centre and lateral margin of which 
are formed by the lateral semicircular canal. The inferomedial corner is formed by 
the ampulla of the posterior semicircular canal and the superomedial corner by the 
common crus. Note the shape of the jugular bulb [Fig. 4-79].

L - 3.4 mm This level is just posterior to the ampulla of the posterior semicircular canal and 
therefore shows the cross sections of the superior and inferior limbs of the posterior 
semicircular canal separately. The distal part of the vestibular aqueduct is medial to 
the superior limb of the posterior semicircular canal [Fig. 4-80],

L - 4.6 mm This is the level of the posterior limb of the lateral semicircular canal. It forms a 
three-armed star with the cross sections of the superior and inferior limbs of the 
posterior semicircular canals. Inferior to this is the second genu of the facial canal 
and medial to it is the external aperture of the vestibular aqueduct. Note the internal 
petro-occipital suture [Fig. 4-81].

29 33 36 33 29 33 33 36 37

39 103 111 127 88

%• 4-80. CT anatomy in the axiopetrosal plane at the level 
°f the distal part of the vestibular aqueduct. See text for a 
Höre detailed description.

128 111 127 105 139

Fig. 4-81. CT anatomy in the axiopetrosal plane at the level 
of the fossa of the posterior limb of the lateral semicircular 
canal. See text for a more detailed description.

4-4.7 Longitudinal plane. As reference landmark we have selected the posterior semicircular canal.
The level value decreases as the level moves in the posterior direction. We will discuss the scans from
anterior to posterior.

L + 6.9 mm This is the level of the head of the malleus. It is shown together with the body of the 
incus [Fig. 4-82].

L + 5.8 mm This is the level of the auditory tube. Superior to it is the tensor tympani muscle. The
neck of the malleus is seen in cross section with the tendon of the tensor tympani 
muscle crossing the tympanic cavity to the cochleariform process. Superior to it are 
the body and the short process of the incus. Just medial to the antrum is the anterior 
limb of the superior semicircular canal [Fig. 4-83].
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54 9 40 7

39 110

Fig. 4-82. Correlative CT anatomy in the longitudinal plane at the level of the head of the malleus. See text for a more detailed 
description.
a. CT scan.
b. Cryosectional surface aspect.

10 42 9 31 62

39 6 59 50

Fig. 4-83. Correlative CT anatomy in the longitudinal plane at the level of the Eustachian tube. See text for a more detailed 
description.
a. CT scan.
b. Cryosectional surface aspect.

L + 4.6 mm This is the level of the second turn of the cochlea. Superior to the cochlea is the first 
part of the facial canal and inferior to the cochlea is the petrous part of the carotid 
canal. Inferior to the latter is a small air space which represents the bony part of the 
auditory tube. Lateral to the cochlea are two white dots, the superior one of which 
represents the long process of the incus and the inferior one represents the 
manubrium of the malleus. The antrum with the periantral cells is well outlined [Fig- 
4-84].

L + 3.5 mm

110

At this level the first turn of the cochlea is seen together with the vestibule. The 
apparent ‘defect’ of the bony promontory represents the round window niche-
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119 42 29 31 19 100 21

18 11 4 50 79

Fig. 4-84. Correlative CT anatomy in the longitudinal plane at the level of the second turn of the cochlea. See text for a more 
detailed description, 
a- CT scan.
b. Cryosectional surface aspect.

104 29 77 31 19 100

125 106 47 20 72 73 79 51 52

Fig 4_g5 Correlative CT anatomy in the longitudinal plane at the level of the first turn of the cochlea. See text for a more 
detailed description. 
a- CT scan.
b- Cryosectional surface aspect.

Between the internal acoustic meatus and the vestibule the foramen of the sacculary 
nerve can be seen. Inferior to the lateral semicircular canal is the second genu of the 
facial canal and inferior to this is the canal of the chorda tympani [Fig. 4-85],

L + 2.3 mm This is the level of the common crus. It is seen in combination with the posterior limb
of the lateral semicircular canal and the vestibule. The latter is connected medially 
with the internal acoustic meatus by the Morgagni canal which conducts the 
posterior ampullary nerve. Above the mastoid air cells is the sulcus of the sigmoid 
sinus. Inside the styloid process its marrow can be seen. Between the vestibule and 
the mastoid air cells is the second genu of the facial canal [Fig. 4-86],
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83 104 29 35 19

125 117 128 127 99 71 51 52

Fig. 4-86. CT anatomy in the longitudinal plane at the level 
of the common crus. See text for a more detailed description.

Fig. 4-87. Correlative CT anatomy in the longitudinal plane 
at the level of the ampulla of the posterior semicircular canal. 
See text for a more detailed description.
a. CT scan.
b. Cryosectional surface aspect.

V

Fig. 4-88. CT scan at the same level as in Fig. 4-87. In this Fig. 4-89. CT anatomy in the longitudinal plane at the level 
patient, however, the sigmoid sulcus is visualized. of the arc of the posterior semicircular canal. See text for a

more detailed description.
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L + 1.2 mm This is the level of the ampulla of the posterior semicircular canal [Fig. 4-87]. At the 
same level in another patient the sigmoid sinus is demonstrated [Fig. 4-88]. At this 
level the last remainder is visible of the posterior limb of the lateral semicircular 
canal. Superior to the ampulla of the posterior semicircular canal is the common crus 
separating out into the superior and posterior semicircular canals.

L + 0.0 mm This is the level of the arc of the posterior semicircular canal. Inferior to it is the third
part of facial canal, the stylomastoid foramen of which is seen in combination with 
the styloid process [Fig. 4-89].

4.4 8 Inclined sagittal plane. As reference landmark we have selected the incudomalleolar joint. The 
level value increases as the level moves in the superomedial direction.
This plane was selected for improved visualization of both the malleus and the incus. We will therefore 
limit ourselves mainly to this level. It also renders good visualization of the auditory tube.

L - 1 5 mm This level shows the long process of the incus in its full extent including the body of 
the incus. The head of the malleus is just outside of this level but the neck and the 
manubrium are shown. The anterior ligament of the malleus is vaguely visualized. 
Both the ascending part of the carotid canal as well as the jugular fossa are shown. 
Posterior to the incus is the second part of the facial canal, lateral semicircular canal 
and the posterior semicircular canal in cross section [Fig. 4-90],

L + 1.5 mm This is the level of the auditory tube. It is seen together with the tensor tympani 
muscle. Inferior to it is the ascending part of the carotid canal in cross section and 
posterior to it is the second turn of the cochlea. The bony spiral lamina can be seen to 
separate the scala tympani at the posteromedial side from the scala vestibuli at the

6 9 11 69 29 33

f'9- 4-90. Correlative CT anatomy in the inclined sagittal 
Plane at the level of the long process of the incus. See text for 
a more detailed description. 
a- CT scan.

Cryosectional surface aspect. In this case use is made of 
a fixed specimen.

62 7 25 32 77 34

a50 78 23 20 24 19

Fig. 4-91. Correlative CT anatomy in the inclined sagittal 
plane at the level of the Eustachian tube. See text for a more 
detailed description.
a. CT scan.
b. Cryosectional surface aspect. In this case use is made of 

a fixed specimen.
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anterolateral side. The cochlea is seen in connection with the vestibule, the ampulla 
of the superior semicircular canal, the common crus and the superior limb of the 
posterior semicircular canal. Inferomedial to the common crus is the cochlear 
aqueduct. Superolateral to the auditory tube is the head of the malleus [Fig. 4-91]-

4.4.9 Relationship between scan plane orienta
tion and anatomy visualization. In order to de
scribe this subject we have to introduce the con
cept of ‘transverse’ and ‘longitudinal’ visualiza
tion in relationship with a number of elementary 
shapes; such as:

tubular or
filiform (TUB) (facial canal)
infundibuli- (INF) (cochlear aqueduct)
form

conical (CON) (pyramidal eminence)
spiraled (SPI) (cochlea)
toroidal (TOR) (semicircular canal)
spherical (SPH) (jugular bulb)
membranous (MEM) (tympanic membrane)
flat (FLA) (distal portion of ves

tibular aqueduct)

Fig. 4-92 shows for each one of these elementary 
shapes what is meant by transverse and longitudi
nal visualization. Transverse visualization is help-

T-------

Fig. 4-92. Nine elementary shapes of structural detail, and the way they are visualized in a transverse and in a longitudinal 
cross section (as related to the structure itself).
TUB = tubular, INF = infundibular, SPI = spiral, TOR = toroidal, SPH = spherical, DIS = disc-shaped, MEM = membranous, 
FLA = flat.
In the spherical structures there is no difference between transverse and longitudinal visualization and they are therefore both 
defined as ‘transverse’. In membranous and flat structures longitudinal visualization is not applicable (partial volume 
averaging).
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ful to assess the position of an anatomic detail, 
and for membranous and flat structures it also 
demonstrates the shape. Longitudinal visualiza
tion shows the course or shape of an anatomic 
structure. For membranous and flat structures 
longitudinal visualization is not applicable due to

partial volume averaging, and for spherical struc
tures all cross sections are transverse.

Table 16 gives for a number of anatomic details 
the plane(s) in which the transverse and longitudi
nal visualization occurs.

Name of anatomic structure Shape
Tr Co sg

Scan plane
SA SL AP Lo IS

1 Tympanic membrane MEM T T T T T
4 Manubrium of malleus TUB L L L T L
8 Incudomalleolarjoint MEM T T T

11 Long process of incus TUB T L L T L
13 Incudostapedialjoint FLA T T
15,16 Crura of stapes TOR L T T
18 Oval window FLA T T T T T
20,21 Cochlea SPI T L T L
28 Round window FLA T T T T
29 Lateral semicircular canal TOR L T T T T T T
31 Superior semicircular canal TOR T L L T
33 Posterior semicircular canal TOR T L L
36 Vestibular aqueduct FLA T T T T
38 Cochlear aqueduct INF L L T L L L
39 External acoustic meatus TUB L L T L
50 Bony part of auditory tube TUB L L T L L
59 Tendon of tensortympani muscle TUB L L T L T
60 Cochleariform process CON L T L L T
62 Tensortympani muscle TUB L L T L
66 Stapedius muscle TUB T L L
67 Pyramidal eminence CON L T L
68 Promontory FLA T T T
69 Tegmentympani FLA T T T T T T
71 Internal acoustic meatus TUB L L T
77 Petromastoid canal TUB L L T T L
79 Carotid canal (petrous part) TUB L L T L

100 Facial canal (first part) TUB L L L T L
103 Facial canal (second part) TUB L T
105 Facial canal (third part) TUB T L L L L L L

Table 16. Relation between scan plane and anatomy visualization (L = longitudinal visualization, T = transverse visualization 
Fig 4-92]).

4.5 Discussion and conclusions

In this chapter we have presented the normal CT 
anatomy in correlation with cryosectional surface 
Photographs. Comparison of the CT scan with the 
^ore detailed real anatomy in color has helped us 
to recognize more details in the CT scans than we 
"'ere aware of. It can also be an aid in the in
terpretation of pathology. We have selected the 
specimens in such a way that they do not repre
sent extremes of the normal anatomic variations, 
^though we have given some examples of these 
variations as we encountered them in the CT

scans. It was not our intention to perform exten
sive measurements of the variations of normal 
anatomy. Besides, many of these can be found in 
the literature, such as the variations of the size of 
the ossicles (Heron, 1923), the facial nerve canal 
(Wadin and Wilbrand, 1987; Lindeman, I960), 
the jugular bulb (Wadin and Wilbrand, 1986), the 
cochlear aqueduct (Muren and Wilbrand, 1986a), 
the vestibular aqueduct (Arenberg et ah, 1976; 
Wilbrand et ah, 1974), the internal acoustic 
meatus (Muren, 1986) the semicircular canals 
(Muren et al., 1986) and the influence of temporal 
bone pneumatization (Diamant, 1940; Flisberg
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and Zsigmond, 1965; Muren and Wilbrand, 
1986b).

In spite of normal anatomical variations we feel 
that the anatomical specimens used in this com
parison correlate well with the CT scans. We have 
described the anatomy in such a way that the 
nomenclatures of both the pluridirectional to
mography literature as well as the CT literature 
have been incorporated. Frequently used syn
onyms have been added to the nomenclature list 
and the subject index.

When compared with pluridirectional tomog
raphy, we may state that over the past decade 
high-resolution CT has become the procedure of 
choice in the assessment of the temporal bone. In 
1978 the statement was made that: “All of the 
structures seen in CT scans were consistently 
demonstrated by hypocycloidal tomography; the 
semicircular canals, oval and round windows, and 
ossicles were shown more clearly by conventional 
tomography” (Shaffer et ah, 1980b). After com
parison of the CT scans presented in this chapter 
with state of the art pluridirectional tomography 
(Dulacet ah, 1973; Rabischongetal., 1980;Claus 
and Ernould, 1980), it is possible to make the 
reverse statement: “All of the structures seen in 
pluridirectional tomography are consistently 
demonstrated by direct multiplanar, high-resolu- 
tion CT”. However, we may have to make a few 
exceptions: for example for the footplate of the 
stapes and the proximal portion of the vestibular 
aqueduct. These are difficult to see with CT due 
to the partial volume averaging and lack of spatial 
resolution, as the thickness of the footplate and 
the diameter of the proximal portion of the ves
tibular aqueduct are smaller than both the re
solved detail size as well as the pixel size. On the 
other hand, there are a number of anatomic de
tails that are better discernible by CT, such as: 
stapes, round window and round window niche, 
chorda tympani nerve, tensor tympani muscle 
and stapedius muscle. In addition, all structures 
seen in air cisternography of the cerebellopontine 
angle are well reproduced. Most important of all 
is that CT provides valuable soft tissue informa
tion as a result of its higher contrast resolution 
and lack of superimpositioning of structures. This 
is of course only true when no edge-enhancement 
is applied. Edge-enhancement has been used to

increase the spatial resolution but has also led to 
misinterpretations of soft tissue structures (Kos- 
low, 1979; Rettinger et ah, 1981; Zonneveld,
1985).

The evolution of the high-resolution CT tech
nique was predicted by Lloyd et al. (1979) who 
stated that most of the problems of CT could be 
overcome by design improvement and that when 
this had taken place “the machine could totally 
supersede conventional pluridirectional tomogra
phy for petrous bone studies”.

Others based the advantages of pluridirectional 
tomography on the limited possibility of CT to 
image other planes. In 1981 Littleton et al. stated 
that “CT is still limited by availability and restric
tion to axial projections”. The presumed impossi
bility to scan directly in the sagittal plane led to 
statements underlining the value of pluridirec
tional tomography in the assessment of longitudi
nal fractures of the pyramid (Rettinger et ah, 
1981) and ossicular disruption (Virapongse et ah, 
1983a) and that the best CT could do is reformat 
the axial or coronal data (Turski et ah, 1982).

This chapter has demonstrated that it is poss
ible to take direct scans in many different planes 
and that they can be applied in routine use. Very 
seldom did we encounter difficulties in position
ing the patient. This occurred in sagittal scans 
only with extremely obese patients, patients with 
very short necks or recent trauma to the cervical 
spine, very elderly patients and patients with 
hemiplegia, under anesthesia or on life support 
systems. In the majority of these patients, except 
for the obese ones, it was also not possible to 
perform the scans in the coronal plane. However, 
this does not mean that direct multiplanar CT 
should be routinely used as in most cases a simple 
series of transverse scans can provide the diag
nosis. It was our objective to demonstrate that the 
CT technology no longer needs to be a limiting 
factor in the assessment of the temporal bones in 
different planes and that it can be a good alterna
tive for MPR. This is based on our feeling that 
good MPR-images as well as three-dimensional 
reconstructions of the temporal bone should be 
made from a series of at least 30 scans with 1 mm 
slice thickness and 0.5 mm slice incrementation, 
scanned within one minute (to prevent patient 
motion). In this case, it is still only a 15 mm wide
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strip of tissue that is covered, instead of the 
complete temporal bone (Zonneveld, 1985). In 
°ur experience of over 900 cases, it involved less 
effort to take a few additional direct scans in 
another plane than to perform a series of consecu
tive scans in register, to say nothing of the effort 
of the reformatting itself, especially in cases 
where the area to be scanned for the reformatting 
is significantly larger than the area normally scan
ned in the transverse plane.

We have not scanned all planes that have been 
Proposed in pluridirectional tomography and CT, 
but we are convinced that practically all of them 
can be scanned as the need arises. Such planes are 
for instance the 70° coronal plane proposed by 
Chakeres and Spiegel (1983), which is helpful in 
fhe assessment of the jugular fossa, or the plane 
Perpendicular to the long process of the incus as 
suggested by Dulac (Dulac 7} (1979) which is 
helpful in the assessment of the attic, malleus and 
incus including the incudomalleolar joint and the 
oval window.

By combining geometric enlargement [Par.
2.3.2] with a small focal spot, a sufficient number 
of views per scan (1200) and a thin slice thickness 
(1-5) we have obtained a high spatial resolution 
(0-6 mm) at an acceptable noise level (8 H stand- 
urd deviation) and lack of disturbing artifacts, 
which allows continuous scanning without over
loading the X-ray tube. Combining this technique 
With the flexibility of patient positioning that we 
have demonstrated, it has become possible to 
image each relevant detail in the complex 
unatomy of the temporal bone in its optimum 
orientation [Par. 4.4.9]. This improved visualiza
tion may facilitate the diagnosis or differential 
diagnosis in a number of instances, and it allows 
for better preparation of surgery and postsurgical 
follow-up studies in complicated cases. Com
bined with new techniques such as gas cisternog
raphy, the lack of soft tissue discrimination can be 
overcome. The Tomoscan 310/350 does not re
quire an extended CT-number scale or a special 
bone algorithm (Shaffer et ah, 1980a). In the case 
°f very detailed studies the maximum spatial res
olution (0.5 mm) can be achieved by the use of 
hlacroView reconstructions [Par. 2.3.4] such as in 
fhe assessment of the stapes. The image quality 
obtained allows us to study areas of clinical inter

est, as will be described in the next chapter, and 
other areas still remain untouched. Such an area 
is the auditory (Eustachian) tube which might be 
studied in the longitudinal and inclined sagittal 
planes.

The radiation dose to the skin of 80 mGy (8.0 
Rad) is measured in the center of 9 consecutive 
scans of 1.5 mm slice thickness, and is in the same 
range as the values reported in the literature for
1.5 mm scans (Shaffer et ah, 1980ab). When the 
transverse scan series is started at the nasion- 
biauricular plane, the eye lenses are not 
traversed, especially when a downward gaze is 
maintained. This means that the lens is only sub
jected to scattered radiation. Only when the me
dial part of the temporal bone is scanned in the 
sagittal plane is there a chance that the eye lens is 
directly irradiated.
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Chapter 5

CLINICAL APPLICATIONS IN THE 
TEMPORAL BONE

“Radiography is becoming of utmost importance for 
diagnosing the diseases involving the labyrinthine cap
sule, since there is no other way of visualizing the 
labyrinthine capsule in living patients”.

Galdino E. Valvassori, M. D.*

To illustrate the clinical value of the technique 
described in the previous chapters we have 
selected two topics which typically require a high- 
resolution multiplanar approach. The first one is 
‘cochlear otosclerosis (otospongiosis)’. It deals 
with spongiotic foci in the otic capsule which may 
be very subtle. In comparison with pluridirection- 
al tomography, CT is therefore a very suitable 
imaging modality to detect these lesions and to 
quantify them. It is also an excellent example of 
the combined use of both the high spatial resolu
tion as well as the density resolution properties of 
CT in combination with demonstration of the 
disease in the most suitable cross-sectional 
plane(s).

This applies equally to the second topic: ‘the 
vestibular aqueduct in Ménière’s disease’. Here, 
subtle changes in density or size that may influ
ence the visibility of the vestibular aqueduct can 
be assessed in the most suitable cross-sectional 
plane(s).

5.1 Cochlear otosclerosis 
(otospongiosis)

5.1.1 Introduction. When studying patients with 
otosclerosis by means of CT we had noticed that

some of them showed foci of reduced density in 
the otic capsule similar to those that have been 
detected earlier by means of pluridirectional to
mography (Shambaugh, 1965; Valvassori, 1965). 
Normally, the otic capsule produces the highest 
CT numbers of the petrous bone (Damsma et al., 
1984; de Groot et al., 1985). Up to March of 1986 
we had scanned 152 patients with clinically con
firmed fenestral otosclerosis (stapes fixation ver
ification during middle ear surgery), 17 of which 
showed lucencies in the otic capsule upon visual 
inspection of the CT scans, and in addition de 
Groot found a group about twice this number 
where the decreased density could only be deter
mined by means of CT densitometry (de Groot 
and Huizing, 1987). These patients were ex
amined in the transverse plane and separate scans 
of the oval window were made in the semiaxial or 
in the axiopetrosal plane. When otospongiosis 
was encountered it was evaluated in the semilon
gitudinal plane, as this is the plane of the first and 
second turns of the cochlea. We used the scan 
technique as described in the previous chapters. 
We have attempted to perform density measure
ments of the lucencies in order to find a parameter 
to quantify the otospongiotic foci.

* In: VALVASSORI, G. E.: Radiologic diagnosis of cochlear otosclerosis. 
Laryngoscope, 75 (1965) 1563-1571
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5.1.2 Imaging and density measurement of spon- 
giotic lesions in the otic capsule of patients with 
cochlear otosclerosis. In the examination of sen
sorineural hearing loss it has been recognized that 
radiological examination can play an important 
role in the detection of cochlear otosclerosis 
(otospongiosis) (Applebaum and Shambaugh, 
1978; Freeman, 1979). Contrary to pluridirec- 
tional tomography, high-resolution CT has the 
potential to visualize lesions of minor contrast 
with the surrounding compact bone and also has 
the potential to quantify the bone mineral loss in 
the endochondral layer of the otic capsule.

Politzer (1894) introduced the term ‘oto
sclerosis’ and Siebenmann (1911, 1912) intro
duced the term ‘otospongiosis’. We know now 
that ‘spongiosis’ and ‘sclerosis’ can be considered 
as different aspects of the same disease. Although 
we use the term ‘cochlear otosclerosis’, which 
Schuknecht and Kirchner (1974) introduced, it 
seems more appropriate to speak of ‘otospon
giosis’ as we are focusing on the demineralized 
zones in the otic capsule. We have not detected 
remineralized sclerotic foci and whether these can 
be detected by means of CT is still a subject of 
controversy (Swartz et al., 1985; Mafee et ah, 
1985; de Groot and Huizing, 1987).

Valvassori (1965) introduced a classification 
for the appearance of the otospongiotic lesions 
[Table 17]. When we attempted to fit our results 
to this classification we were able to recognize 
differences in extent, but, as we stated above, 
were unable to identify sclerotic bone changes. 
The separation between the three degrees of ex-

EXTENT TYPE

1. Limited to capsule of the 1. Spongiotic changes with 
first turn of the cochlea. possible erosion of the

contours of the labyrin
thine lumen.

2. Diffuse spread throughout 2. Mixed appearance of
the cochlear capsule. spongiotic areas and

sclerotic bone foci.
3. Involvement of the com- 3. Obliterative involvement 

plete labyrinthine capsule. characterized by loss of
contrast between capsule 
and luminaof the inner 
ear.

Table 17. Classification of cochlear otospongiosis accord
ing to Valvassori (1965).

a. b.

c. d.

Fig. 5-1. Case of cochlear otospongiosis limited to the first 
turn of the cochlea (arrows). (From: Zonneveld et al., 1984)
a. Transverse scan at the level of the round window.
b. Transverse scan at the level of the oval window.
c. Semiaxial scan at the level of the first part of the facial 

canal.
d. Semilongitudinal scan at the level of the first turn of the 

cochlea.

tent is difficult because the decalcified zones may 
have different appearances. There is, for in
stance, a regular pattern of a narrow de
mineralized zone coinciding with the cochlear 
part of the otic capsule. Fig. 5-1 demonstrates a 
case where the extent of the demineralized zone is 
confined to the first turn of the cochlea only. Fig-
5-2 shows a case which involves the cochlea en
tirely. The zone passes diametrically through the 
internal area of the lateral semicircular canal [Fig-
5-2b], However, the anterior limb of the superior 
semicircular canal is incorporated [Fig. 5-2d], On 
the other hand there are also cases showing a 
diffuse zone of decalcification which may even 
involve the area surrounding the internal acoustic 
meatus [Fig. 5-3] or cases which demonstrate 
irregular patterns of decalcification directly adja
cent to the cochlea (in contrast to the regular 
type) [Fig. 5-4]. The lucencies that we visually 
encountered in the labyrinthine capsule differed 
significantly in density (in terms of CT number)- 
These values could be determined using a number 
of densitometry techniques. One technique uses a
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a. b.

Fig. 5-2. Case of labyrinthine otospongiosis involving the 
entire cochlear capsule and the capsule of the anterior limb 
of the superior semicircular canal (arrows). (From: Zonneveld 
et al., 1984)
a- Transverse scan at the level of the modiolus of the 

cochlea showing demineralization of the cochlear cap
sule (arrowheads).

b- Transverse scan at the level of the lateral semicircular 
canal. The demineralized zone traverses the area inside 
of the lateral semicircular canal (arrow). 

c- Sagittal scan at the level of the cochlea showing the 
demineralized cochlear capsule (arrowheads), 

d- Sagittal scan at the level of the anterior limb of the 
superior semicircular canal showing the demineralized 
labyrinthine capsule around it (arrowheads).

a. b.

Fig. 5-3. Example of a case with diffuse demineralization of 
the labyrinthine capsule including the cortical bone 
surrounding the internal acoustic meatus. (From: Zonneveld 
et al., 1984)
a. Transverse scan.
b. Semilongitudinal scan.

a. b.

Fig. 5-4. Example of a case with irregular demineralization 
of the cochlear capsule in an area directly adjacent to the 
cochlea itself (arrowheads).
a. Transverse scan. (From: Damsma et al., 1984)
b. Semilongitudinal scan. (From: Zonneveld et al.,1984)

curved line along the otic capsule together with a 
Plot of the CT numbers along that line (Valvassori 
and Dobben, 1985), another technique uses 
straight lines at predetermined locations perpen
dicular to the otic capsule (de Groot and Huizing, 
1987) and a third method uses the ‘level detect’ or

>
Fig. 5-5. Relative minimum CT numbers (in comparison to 
the maximum CT number in the otic capsule) measured in the 
sPongiotic zone in the otic capsule anterior to (near the 
second turn of the cochlea) and posterior to (near the first 
turn of the cochlea) the cochlea in 17 patients with visually 
detectable otospongiosis. This graph shows that a number 
°f patients have more severe otospongiosis posterior to the 
cochlea than anterior to it. A topographic correlation has 
heen found between the location of the density loss and the 
frequency band of the bone conduction loss (de Groot, 
1987). Measurements of the two ears in the same patient are 
connected by a dotted line.

cd o 60 n

>- Relative CT number of otospongiotic zone 
measured anterior to the cochlea
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‘highlight’ function to highlight those pixels that 
are within a given range of CT numbers (de Groot 
and Huizing, 1987). We used the second tech
nique. The minimum CT numbers of the visible 
lesions ranged between 166 and 1558 H, whereas 
the maximum CT numbers in the compact bone 
surrounding the labyrinth, which normally 
correspond to those of the capsule, ranged in the 
same patients between 1772 and 2193 H. We have 
plotted the relative CT densities of the spongiotic 
lesions separately for the regions anterior and 
posterior to the cochlea [Fig. 5-5]. This shows that 
in a number of patients there is a preference for 
demineralization posterior to the cochlea (near 
the first turn of the cochlea) which should result in 
an emphasis on the high frequency sensorineural 
hearing loss.

5.1.3 Discussion. Direct multiplanar high-reso
lution CT has been demonstrated to be an effec
tive method to investigate the extent, type 
(diffuse, irregular or regular) and the density of 
the demineralized zone. At the Department of 
Otorhinolaryngology of our hospital the meas
urements have been correlated with measure
ments of the bone conduction hearing threshold 
indicating that bone loss and bone conduction 
hearing loss are positively correlated (de Groot et 
al., 1985; de Groot and Huizing, 1987). There 
appears to be a topographical correlation as well 
in the sense that demineralization near the first 
turn of the cochlea produces a high frequency 
hearing loss (posterior to the cochlea) and de
mineralization near the second turn of the cochlea 
produces a middle frequency hearing loss (an
terior to the cochlea) (Swartz et al., 1985; de 
Groot and Huizing, 1987). In this respect we have 
defined bone loss as:

BML = 100 {(CT max-CT min)/CT max

(equation 5)

with: BML = percentual bone mineral loss 
CTmax = maximum CT number in com

pact bone surrounding the lab
yrinth

CTmin — minimum CT number in the 
otospongiotic lesion

In the future, when a large number of treated 
(with sodium fluoride) and untreated patients 
have been followed over a number of years, the 
value of this technique in staging and follow-up of 
cochlear otosclerosis can be determined (Huizing 
and de Groot, 1987). At this time CT imaging and 
densitometry are helpful diagnostic and research 
tools.

5.2 The visualization of the vestibular 
aqueduct in Ménière’s disease

5.2.1 Introduction. The radiographic visualiza
tion of the vestibular aqueduct in Ménière’s dis
ease (Valvassori, 1969; Arenberg et al., 1976a; 
Plantenga et al., 1979) has been the subject of 
much controversy, as different investigators have 
found a wide variation in the incidence of visuali
zation. Obliteration or non-visualization was 
found in 31 to 65% of the group of patients with 
cochleo-vestibular disorders and visualization in 
the control group ranged between 70 and 100% 
(Hall et al., 1983). Another subject of discussion 
is the relationship between the degree of mastoid 
pneumatization and Ménière’s disease (Oku et 
al., 1980; Dauphin et al., 1981, 1983; Hall et ah, 
1983; Stahle and Wilbrand, 1983).

With the possibilities that high-resolution CT 
can offer us today, i.e. good contrast resolution 
combined with reasonably good spatial resolution 
and direct imaging of the desired plane of investi
gation without interference from surrounding 
structures, it is worthwhile to investigate the pa
tients with Ménière’s disease using this modality

With respect to the plane of investigation, the 
literature (using pluridirectional tomography) 
shows a preference for different planes, such as 
the sagittal plane (Hall et al., 1983), the axiope- 
trosal plane (Pimontel-Appel and Ettore, 1980) 
or the modified lateral projection, which is a 
sagittal plane rotated 20 to 25° towards the ax- 
iopetrosal plane (Wilbrand et al., 1974; Val
vassori and Clemis, 1978a; Wilbrand et al., 1978)- 
To determine the best plane for CT we have 
scanned the same anatomic specimen in four dif
ferent planes: modified sagittal 20° towards the 
longitudinal plane and 20° towards the axiope- 
trosal plane, sagittal and axiopetrosal [Fig. 5-6]-
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a. b.

c. d.

% 5-6. CT scans in four different planes in a cadaver 
specimen to compare the visualization of the vestibular 
aqueduct. Scans b, c and d provide good visualization and 
show the relationship with the labyrinth (common crus). 
(From: Zonneveld et al., 1984)
a- Modified sagittal (20° rotation towards the longitudinal 

plane).
h- Sagittal plane.
c- Modified sagittal (20° rotation towards the axiopetrosal 

plane).
d- Axiopetrosal plane.

The disadvantage of the modified lateral plane 
towards the longitudinal plane is that the relation
ship between the labyrinth and the vestibular 
aqueduct is lost. The other three planes are more 
°r less equivalent to each other as long as we do 
hot take the proximal part of the aqueduct into 
consideration (it is practically impossible to vis- 
dalize it at all by CT). We have therefore selected 
the axiopetrosal plane as it is the most comfort
able one of the three for the patient.

Up to March 1986 we examined 97 patients 
suspected of idiopathic Ménière’s disease (about 
80% of which could be confirmed clinically). The 
scans were made in the transverse plane, and we 
have also examined the vestibular aqueduct in the 
axiopetrosal plane.

T2.2 High-resolution CT of the vestibular 
aqueduct in Ménière’s disease. The radiographic 
visualization of the vestibular aqueduct has been

classified by Gado and Arenberg (Gado and 
Arenberg, 1975; Arenberg et al., 1976b) [Table 
18]. Non-visibility of the vestibular aqueduct in 
pluridirectional tomography was explained by the 
concept of bony obliteration of the vestibular 
aqueduct as was demonstrated surgically by 
Clemis and Valvassori (1968). However, it has 
been demonstrated that in pluridirectional to
mography the lack of pneumatization makes the 
space that is available for the aqueduct unfavour
able for visualization, and therefore non-visibility 
cannot lead to the conclusion that there is an 
obliteration (Wilbrand et al., 1978).

In our CT examinations we have also encoun
tered cases where the vestibular aqueduct could 
not be visualized [Fig. 5-7] as well as cases where 
only the aperture was visible [Fig. 5-8]. This 
would fit type V of the classification in Table 18. 
With type IV, however, we have a difficulty. On 
one hand this is because a CT-scan is a cross- 
sectional image, which, in many cases, will not 
show the complete course of the vestibular 
aqueduct in one plane, even when it is not obliter
ated. This might mean that specific areas of inter
est should be scanned with a 1 mm slice thickness 
at 0.5 mm increments (overlapping slices) to cov
er all parts of the aqueduct. And on the other 
hand, we often find very short aqueducts [Fig. 5- 
9] which make it difficult to state that the 
aqueduct is only partially obliterated. De Groot 
(1987) found in affected ears of Ménière patients 
an average length of the peripheral portion of the

TYPE SHAPE CRITERIA

Typel tubular patent descending segment with 
parallel sides (aperture is 1 -2 mm 
wide).

Type II filiform patent descending segment with 
marked narrowing (aperture less 
than 1 mm wide).

Type III funnel
shaped

patent descending segment with 
diverging sides and a wide external 
aperture (more than 2 mm).

Type IV obliterated descending segment only partially 
visualized.

TypeV non-vis-
ualized

descending segment not identified 
at all, or only the external aperture 
visualized.

Table 18. Classification of vestibular aqueduct visuali
zation according to Gado and Arenberg (Gado and Arenberg, 
1975; Arenberg et al., 1976).
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a. b.

Fig. 5-7. Example of visualization class 1 (vestibular 
aqueduct is not visualized at all). (From: Zonneveld et al., 
1984)
a. Transverse plane.
b. Axiopetrosal plane.

a. b.

Fig. 5-8. Example of visualization class 2 (only the aperture 
of the vestibular aqueduct is visualized). (From: Zonneveld et 
al., 1984)
a. Transverse plane.
b. Axiopetrosal plane.

Fig. 5-9. Example of visualization class 3 (vestibular 
aqueduct is difficult to visualize). In this case the vestibular 
aqueduct is also very short. (From: Zonneveld et al., 1984)
a. Transverse plane.
b. Axiopetrosal plane.

Fig. 5-10. Example of a congenital widening of the vestibu
lar aqueduct. In this exceptional case, one could speak of an 
infundibuliform shape of the ve.stibular aqueduct.

vestibular aqueduct of 5.5 mm (S.D. 2.1 mm) as 
compared to 7.7 mm (S.D. 1.6 mm) in normal 
controls. He also demonstrated that the length of 
the aqueduct decreases with the duration of the 
disease.

The type III aqueduct, with the so-called 
‘funnel’ shape, was not found in our patients. This 
may have the following cause. When the three- 
dimensional shape of the vestibular aqueduct is 
studied (Anson, 1965; Wilbrand et al., 1974) it is 
noticed that the funnel shape (infundibuliform) 
only applies to the dimension of the aqueduct in 
the direction of the axis of the petrous pyramid, 
and that the dimension in the axiopetrosal plane 
(perpendicular to the axis of the petrous pyramid) 
gradually tapers towards the bend of the aqueduct 
at the site of the aqueductal isthmus, while we 
definitely cannot speak of a funnel shape. We 
have only encountered a real infundibuliform

aqueduct twice, as a congenital malformation 
[Fig. 5-10]. However, in sagittal pluridirectional 
tomography, where a layer of tissue thicker than
1.5 mm may contribute to the image, it is possible 
that the vestibular aqueduct is visualized with a 
funnel shape. The funnel shape in the direction of 
the pyramidal axis is reflected in the CT scan by 
the iine’-shaped cross section of the vestibular 
aqueduct in the transverse plane at the level of the 
lateral semicircular canal or the vestibule [Fig. 5- 
11a and 5-12], This means that the type III 
aqueduct (funnel shaped) can be classified as 
normal. We did find normal aqueducts in our 
patient group although they were often shorter 
[Fig. 5-12] than in normal patients [Fig. 5-lla]- 
The combination of clinical idiopathic Ménière’s 
disease with a radiologically normal vestibular 
aqueduct has also been reported before in the 
case of polytomographic studies (Briinner and
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Pedersen, 1974; Rumbaugh et al, 1974; Stahle 
and Wilbrand, 1974; 0igaard et al., 1975; Aren- 
berg et al., 1976; Valvassori and Clemis, 1978a; 
Kraus and Dubois, 1979; Sackett et al., 1980; 
Austin, 1980,1981) as well as in a recent CT-study 
(Nidecker et al., 1985).

In our Ménière patients, we have also encoun
tered vestibular aqueducts that are more tubular 
in shape, which present as a small ‘oval’ instead of 
a ‘line’-shaped cross section in the transverse scan 
[Fig. 5-llb]. This would mean that there is a 
possibility that the medioanterior and posterola
teral margins of the aqueduct have been obliter
ated, as they were more narrow, while the central 
part of the aqueduct has remained patent.

a. b.

Fig. 5-11. Comparison between a normal vestibular 
aqueduct, which has a linear shape when scanned in the 
transverse plane, and an aqueduct • in a patient with 
Ménière’s disease with an oval appearance (tubular shape) 
with reduced contrast, which possibly suggests the pre
sence of fibrous tissue obliteration. (From: Zonneveld et al., 
1984)
a. Normal vestibular aqueduct.
b. Patient with Ménière’s disease.

a. b.

Fig. 5-13. Example of visualization class 5 (vestibular 
aqueduct appears to be dilated in comparison with the 
normal case) (arrow). (From: Zonneveld et al., 1984)
a. Transverse plane.
b. Axiopetrosal plane.

This type of aqueduct can therefore be 
classified as the tubular type (type I).

We have also encountered aqueducts that are 
better visualized than normal due to the fact that 
they seem to be wider than normal. They also 
have the same contrast as the normal aqueduct. 
This category is not mentioned in the classifica
tion in Table 18 [Fig. 5-13], We have not been 
able to find reports in the literature on wide 
aqueducts in Ménière patients, but only in rela
tionship with an arrested phase of inner ear de
velopment and in connection with Mondini-type 
malformations (Valvassori and Clemis, 1978b).

The type II aqueduct which has the so-called 
‘filiform’ shape, a term introduced by Clemis and 
Valvassori (1968), has been found frequently in 
our patient studies. The term ‘filiform’, meaning 
‘thread-like’ suggests a narrowing of the

Fig. 5-12. Example of visualization class 4 (normal vestibu
lar aqueduct visualization). Note, however, that the aqueduct 
is shorter than in a normal case. (From: Zonneveld et al., 
1984)
a. Transverse plane.
b. Axiopetrosal plane.

Fig. 5-14. Example of visualization class 3 (difficult to vis
ualize). The cause of the reduced visibility could be a reduc
tion of the contrast between the compact bone and the 
contents of the vestibular aqueduct rather than a narrowing 
of the bony canal itself. (From: Zonneveld et al., 1984) 
a. Transverse plane, b. Axiopetrosal plane.
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aqueduct. We feel, however, that there may be 
also another cause for the reduced visibility of the 
aqueduct that suggests a filiform shape. This is the 
possibility that, instead of narrowing of the 
aqueduct, only the contrast between contents and 
surrounding compact bone has been reduced 
[Fig. 5-14], In some cases we even have the im
pression that the aqueduct is wider than normal 
and at the same time the contrast has been re
duced. This reduction of contrast could be ex
plained by the concept of fibrous obliteration of 
the vestibular aqueduct which may result from 
fibrosis of the subepithelial connective tissue 
(Altmann and Zechner, 1968).

As a result of our investigations we feel that, as 
visualization classifications appear to depend on 
the imaging modality used, a modified visualiza
tion classification of the vestibular aqueduct is 
appropriate for CT [Table 19],

CLASS CHARACTERIZATION

1 Not visualized
2 Only aperture visualized
3 Difficultto visualize
4 Normal visualization
5 Wide aqueduct

Table 19. Modified classification of the visualization of the 
vestibular aqueduct in high-resolution CT.

According to the classification of Table 19 de 
Groot and I have independently rated all images 
and found that in Ménière patients 74.4% of the 
affected ears belonged to either class 1, 2 or 3 
whereas 25% belonged to class 4 (normal). For 
the non-affected ears in the same patients this was 
60 and 35% respectively as opposed to 24 and 
74% respectively for the normal control ears (de 
Groot and Fluizing, 1987).

5.2.3 Discussion. Our preliminary results of the 
visualization of the vestibular aqueduct in 
idiopathic Ménière’s disease (Zonneveld et al., 
1984) demonstrate that CT is a useful tool in the 
evaluation of the peripheral portion of the ves
tibular aqueduct. As a result of its non-superim- 
positional character, CT has the potential to dis
criminate between normal and abnormal 
aqueducts and to suggest the possibility of a bony

or a fibrous obliteration. Further study is required 
to determine the accuracy of this method and to 
define the influence of partial volume averaging 
between wall and contents of the vestibular 
aqueduct in order to make a differentiation pos
sible between narrowing of the canal by bony 
obliteration and lowering of the contrast by fi
brous obliteration. Also, the possibility that these 
two types of obliteration may occur in conjunc
tion with each other requires further histological 
investigation. Generally we are of the opinion 
that radiological visualization classifications are 
not useful if they are not supported by anatomic 
studies of the vestibular aqueduct in native explo
ration.
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Chapter 6

IMAGING OF THE ORBIT

“Hopefully, the EMI scanner will replace those inter
ventional techniques that carry significant risks such as 
orbital pneumography and positive contrast orbitogra
phy. It may play a major role in radiologic diagnosis”.

William N. Hanafee, M. D.
Dallas, September 18, 1974
78th Annual meeting of the 

Am. Ac. Ophthalmol. & Otolaryngol.*

6.1 Introduction

The development of orbital CT can be charac
terized by two major improvements. The first one 
is the drastic improvement of the image sharpness 
and the second one is the possibility to assess the 
orbit in different planes by means of direct multi- 
Planar imaging.

When the EMI Mark I scanner was introduced 
>n 1972, it already had the capability to examine 
the orbit. Instead of the 13 mm slice thickness 
used for brain scans, a special collimator was 
available for scanning the orbit with a slice thick
ness of 8 mm (Gawler et al., 1974; Ambrose et al., 
1974). In spite of this, the 13 mm slice thickness 
has also been used for orbital CT (Lampert et al., 
1974). It was realized that even an 8 mm slice was 
too thick for detailed imaging of the orbit and, in 
addition, the two adjacent scans that were re
corded simultaneously by the EMI Mark I scan
ner had a significant overlap. A 6 mm slice thick
ness collimator was proposed which also pre
vented this overlap (Hayward and Zatz, 1975). 
After the introduction of second generation CT 
scanners, slice thicknesses of 5 mm (Weinstein et

al., 1976; Vignaud and Aubin, 1978) and 4 mm 
(Hilal and Trokel, 1977; Tadmor and New, 1978) 
were proposed. Tadmor and New, however, still 
found that their 4 mm scans contained too much 
noise. After the introduction of 3rd and 4th gen
eration CT scanners, which used a more efficient 
beam geometry and suffered less from artifacts, 
even smaller slice thicknesses of 2 mm (Trokel 
and Hilal, 1980; Weinstein et al., 1981; Wilms et 
al., 1983) and 1.5 mm (Forbes, 1982; Peyster, 
1983; Zonneveld and Vijverberg, 1984) became 
possible.

This reduction of slice thickness in orbital CT 
[Fig. 6-1] was an important contributor [Par. 2.4] 
but not the main reason why the sharpness of 
orbital CT images improved over the years. The 
slice thickness reduction was paralleled by a sig
nificant improvement of the spatial resolution 
[Par. 2.3] from 4 mm to 0.5 mm. This resulted in 
the consequent reduction of the pixel size which 
should not limit the spatial resolution. The combi
nation of pixel size and slice thickness defines the 
voxel volume (tissue volume represented by a 
pixel) which was reduced from 69 mm3 in 1972 to 
less than 0.5 mm3 in 1981 [Fig. 6-2], In Fig. 6-2, for

* In: HANAFEE, W. N.: Selection of contrast studies of the orbit. 
Trans. Am. Ac. Ophthalmol. Otolaryngol., 78 (1974) 599-600.
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comparison, the volume of the smallest resolved 
detail is also plotted (spatial resolution x spatial 
resolution x slice thickness). This explains why, 
in 1972, it was difficult to achieve adequate imag
ing of the optic nerve, whereas nowadays it is 
even possible, in a number of cases, to visualize 
the subarachnoid space of the optic nerve [Fig. 6-

1974 1976 1978 1980 1982

------------------- ► Time of publication

Fig. 6-1. Reduction of the slice thickness as used in orbital 
CT as a function of time. See Fig. 6-2 for the reference 
numbers.

o- - - o Voxel volume 
» ■■■• Resolved volume
* Experimental modification

A 0.3

1974 1976 1978 1980 1982

+- Time of publication

29] together with many other anatomic details 
(Weinstein et ah, 1981; Citrin, 1986; Zonneveld 
et ah, 1986; 1987).

The second improvement of direct multiplanar 
imaging will be discussed in the next paragraph.

6.2 Patient positioning

CT of the orbit is usually performed in the trans
verse and coronal planes. We have added a com
fortable method to assess the orbit in the sagittal 
plane parallel to the optic nerve (Zonneveld and 
Koornneef, 1986) and we have made coronal 
scans perpendicular to the optic nerve (Zon
neveld et ah, 1986).

In addition to direct CT in different planes we 
have also performed the CT equivalent of the 
frontal projection of the orbital floor (Mahoney; 
—35° with respect to the orbitomeatal plane) by 
tilting the gantry forward until the scan plane is 
parallel to the orbital floor and then performing a 
frontal scanogram (Zonneveld, 1980) [Fig. 6-3]. 
In the case of blow-out fractures of the orbital 
floor this image can indicate how severe the frac
ture is.

6.2.1 Definition of the scan planes. We will de
scribe the orientation of the transverse, coronal 
and sagittal planes separately. In paragraph 6.2.3 
some variants of these planes will be discussed.

<
Fig. 6-2. Reduction of the voxel volume and minimum 
resolved volume as a function of time. The minimum resolved 
volume equals the square of the resolved detail size (spatial 
resolution) times the slice thickness. The two curves run 
more or less parallel to each other.This means that improve
ments in spatial resolution are paralleled by a reduction in 
pixel size. The numbers refer to the following references:

1 Gawler et at, 1974.
2 Ambrose et at, 1974.
3 Momose et at, 1975.
4 Hayward and Zatz, 1975.
5 Weinstein et al., 1976.
6 Hilal and Trokel, 1977.
7 Tadmorand New, 1978.
8 Trokel and Hilal, 1980.
9 Weinstein et al., 1981.

10 Forbes, 1982.
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a. b.
Fig. 6-3. Comparison between two types of frontal 
scanogram.
a. Standard scanogram without gantry tilt.
b. Scanogram with +15° gantry tilt. This scanogram corres

ponds to the line of incidence of a Mahoney radiograph 
[Fig. 4-3] and is used to visualize the orbital floor which, in 
this case, demonstrates a blow-out fracture (arrow).

* Transverse plane. In CT of the orbit it has 
always been customary to scan parallel to the 
optic nerve. A number of methods have been 
suggested to obtain this scan plane [Fig. 6-4]. 
Hilal has suggested a plane that intersects the 
orbitomeatal line at an angle of —10°, extending 
below this line anteriorly and above it posteriorly 
(Hilal and Trokel, 1977). This plane is about +5° 
with respect to the anthropological base plane 
(Frankfurt horizontal or Virchow plane). Wende 
et al. suggested scanning parallel to Reid’s 
baseline, which is —3.5° with respect to the Frank
furt horizontal (Wende et al., 1977). Van Damme 
et al. suggested scanning parallel to the lines 
connecting the points where the ears join the 
scalp (superior otobasion) and the infra-orbital 
margins which is about -15° with respect to the 
Frankfurt horizontal (van Damme et al., 1977). 
In the assessment of the optic nerve itself, differ
ent planes have been suggested to circumvent the 
sinuosity of the optic nerve and image the straight 
parts of the optic nerve in separate planes such as 
the plane —20° to the orbitomeatal base plane for 
the distal and proximal parts of the optic nerve, 
and the anthropologic base plane for the middle 
section of the optic nerve (Unsold et al., 1980a). 
It has also been suggested that a 40° upward gaze

be used to stretch the optic nerve, and then to 
scan it in a plane that is rotated —20° with respect 
to the orbitomeatal plane (lacobs et al., 1980; 
Unsold et al., 1980c). We have chosen to use the 
transverse plane suggested by van Damme et al. 
since they determined the actual course of the 
optic nerve by means of an angiogram of the 
ophthalmic artery. Another advantage of this 
scan plane is that it prevents the intersection of 
the petrous bones, which may produce partial 
volume artifacts that radiate into the orbits (Un
sold et al., 1980c) and this plane also avoids the 
eye lenses if the scans are limited to the optic 
nerve itself. We will call this plane the neuro- 
ophthalmic plane and assume that a straight for
ward gaze is maintained.

Fig. 6-4. Lateral view of the skull showing five different 
reference planes and the reference points that define these 
planes.

a. Neuro-ophthalmic plane.
b. -20° to O-M plane.
c. Frankfurt horizontal.
d. -10° to O-M plane.
e. Reid’s base line.
f. Nasion-biauricular plane.
g. Orbito-meatal plane.

1. Orbitale.
2. Tragion.
3. Porion.
4. Superior otobasion.
5. Canthus.
6. Nasion.
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* Coronal plane. CT of the orbit in the coronal 
plane was introduced in 1977 (Balériaux-Waha et 
al., 1977; Takahashi and Tamakawa, 1977). The 
coronal scan plane is usually positioned perpen
dicular to the optic nerve, unless the maximum 
gantry tilt angle is insufficient or when radiodense 
dental fillings have to be avoided [Fig. 6-11].

* Sagittal plane. The sagittal plane of the orbit is 
parallel to the distal and middle parts of the optic 
nerve and is therefore rotated about 20° away 
from the sagittal plane of the head. Direct sagittal 
scans of the proximal part of the optic nerve and 
optic canal require a rotation of 30 to 40°. These 
scans are possible but have until now not been 
made.

6.2.2 Patient positioning methods and accesso
ries. The transverse and coronal planes can be 
scanned on the Tomoscan 310/350 CT-scanner 
with the standard positioning accessories and for 
the sagittal plane an optional special accessory 
has been developed (Zonneveld and Koornneef,
1986). The special characteristics of the Tomo
scan 310/350 which facilitate patient positioning 
significantly have been mentioned earlier [Par.
4.2.2],

We will now describe the patient positioning 
procedure for each scan plane separately.

* Transverse plane. The patient is in a relaxed 
supine position. The standard head rest is used (as 
for brain scans). The 10° foam wedge that is used 
to rotate the head forward for brain scans is 
reversed [Fig. 6-5]. In this way the head is rotated 
20° backward which brings the orientation of the 
optic nerve (during straight forward gaze) so close 
to the vertical plane that only a small gantry tilt is 
required for final adjustment of the scan plane to 
the neuro-ophthalmic plane [Fig. 6-6], The pa
tient is then translated to the starting position of 
the scan procedure. When necessary a Velcro ® 
strap around the head and head rest can provide 
additional support.

* Coronal plane. Early CT scans in the coronal 
plane have been made predominantly in the 
supine position with the head hanging down 
(Balériaux-Waha et al., 1977; Takahashi and 
Tamakawa, 1977), and slightly later also the pro
ne position was introduced (Tadmor and New, 
1978; Vignaud and Aubin, 1978; Citrin, 1979). 
We have only used the prone position. The reason 
for this is that our coronal head support has both a 
chin rest and a forehead rest. The chin rest can be 
lowered for children and raised for elderly pa
tients with a stiff neck. The forehead rest is of 
paramount importance for the immobilization of 
the patient’s head as this is secured by the

Fig. 6-5. Technique of reversing the head rest wedge to adapt the scan plane.
a. Standard wedge position for brain scans parallel to the skull base combined with a slight backward tilt.
b. Reversed wedge position for orbit scans parallel to the neuro-ophthalmic plane with minimum forward tilt.
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Fig. 6-6. Patient positioning for examination of the orbit in the transverse plane. (From: Zonneveld et al., 1987)
a. Patient position and gantry position.
b. Scan plane orientation parallel to the optic nerve.

Fig. 6-7. Patient positioning for examination of the orbit in the coronal plane. (From: Zonneveld et al., 1987)
a. Patient position and gantry position.
b. Scan plane orientation perpendicular to the Frankfurt plane.

pressure applied to the forehead rest by the pa
tient’s forehead. The patient is not supposed to 
use his arms as by doing so he may neutralize the 
pressure to the forehead mentioned above. The 
arms, therefore, are to be stretched along the 
body and when necessary the hands can be tugged

under the thighs [Fig. 6-7]. The gantry tilt is 
adjusted to a plane perpendicular to the optic 
nerve or the Frankfurt horizontal. In practice this 
means that the gantry is usually tilted to the —20° 
position. Then the patient is advanced to the start 
location of the scan procedure.
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* Sagittal plane. Direct sagittal CT of the orbit has 
presented significant problems in the positioning 
of the patient. The first attempts have resulted in 
oblique sagittal scan planes either running from 
the superomedial to the inferolateral corners of 
the orbit (Haverling and Johanson, 1978; Komaki 
et ah, 1978) or from the superolateral to the 
inferomedial corners of the orbit (Yamamoto et 
ah, 1983). Others devised patient positions with 
one arm passing through the patient aperture, 
thus producing lack-of-signal artifacts from the 
shoulder or the humerus (Wing, 1978; Wing et 
ah, 1979; Podlas, 1981). In one reference these 
artifacts are not clearly visible, due to the use of a 
nondiagnostic wide display window (Osborn and 
Anderson, 1978). More recently a patient posi
tion was introduced without the arm passing 
through the aperture but still suffering from these 
artifacts due to interference of the shoulder with 
the scan plane (Ball et ah, 1985; Ball, 1987). 
Those who wanted to circumvent the positioning 
problem used multiplanar reformatting (Leonar- 
di et ah, 1977; Rosenbaum, 1977; Unsold et ah, 
1980b; Zilkha, 1982; Marsh and Gado, 1983).

After Harris and Syvertsen published a rather 
uncomfortable position for direct sagittal CT of 
the head (1981), Blümm published a comfortable 
patient position for the Tomoscan 300 (Bluemm,

Fig. 6-8. Patient positioning for examination of the orbit in
a. Patient position and gantry position.
b. Scan plane orientation parallel to the optic nerve.

1982; 1983) without passing the patients arm 
through the aperture, and also without the neck 
flexion problem incurred by positioning the pa
tient on the standard patient support (Mondello 
and Savin, 1979; Ball et ah, 1985) and without 
interference with the shoulder. After a slight 
adaptation, this position proved to be ideal for the 
orbit (Zonneveld and Koornneef, 1986).

The patient is positioned on a separate patient 
support (optional direct sagittal neuro accessory) 
placed at the rear of the gantry, supporting the 
lower part of the patient’s body while the gantry 
aperture cone supports the upper part. This table 
has a 7° inclined surface, which subtends an angle 
of 117° with the scan plane when the gantry is 
tilted 20° forward. This provides ample space for 
the patient, who is in a semi-prone/semi-lateral 
decubitus position with a foam wedge supporting 
the chest, to turn his or her head sideways to the 
required position for a direct sagittal scan parallel 
to the optic nerve. The patient’s head is supported 
by a special head holder mounted on the head rest 
of the standard table top for slice incrementation. 
The foam supporting surface of this head holder 
can be rotated 20° for orbit scans and is in a 
straight position for scans of the head or temporal 
bone. This surface is hollow and has a special 
shape to fit the head. Near the patient’s nose

sagittal plane. (From: Zonneveld et at, 1987)
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there is a ridge in the foam of the head holder. 
The patient’s nose has to be aligned with this ridge 
to make sure that the optic nerve will be imaged in 
a horizontal position, and that the patient’s head 
is not positioned too high in the scan field. There 
are separate foam surfaces for supporting the left 
and for the right side of the head. In contrast with 
the temporal bone scans [Par. 4.2.2] where the 
the head is supported on the side that is being 
examined, the orbit is examined on the side oppo
site to the supported side of the head [Fig. 6-8], 
The special patient support at the rear of the 
gantry is equipped with an adjustable foot 
support so that, irrespective of the patient’s 
length, there is no risk that the patient loses the 
contact with the head holder by sliding down. 
This is further ensured by placement of a silastic 
sheet between the patient mattress and the pa
tient aperture cone for improved friction.

6.2.3 Modified positions

* Transverse plane. In addition to the modified 
positions to which we have referred with respect 
to scanning of the optic nerve (upward gaze) [Par.
6.2.2] it is possible to scan in the nasion-biauricu- 
lar plane to visualize the entire superior oblique 
muscle including the reflected part. When com

bined with downward gaze the optic nerve can be 
included in this scan plane [Fig. 6-9].

For the study of eye motion it is possible to scan 
in the neuro-ophthalmic plane in combination 
with lateral or medial gaze (Simonsz, 1985).

* Coronal plane. We have demonstrated that it is 
possible to scan perpendicular to the optic nerve 
by rotation of the head around its longitudinal 
axis (Zonneveld et al., 1986). This can be 
achieved either by rotation of the coronal head 
rest around a vertical axis or by the use of table 
swivel [Par. 4.2.2].

This procedure is of interest in scanning of the 
orbital apex in cases of nerve compression in 
Grave’s ophthalmopathy. This scan technique 
will show the interfaces between the optic nerve 
and the recti muscles more clearly [Fig. 6-10]. 
When this technique is not restricted to the apex 
of the orbit there is a potential risk of scanning 
through the eye lens of the opposite eye.

When severe dental metal is present it is pos
sible to avoid high attenuation artifacts by scan
ning anterior to the dental metal. With the help of 
a lateral scanogram these scans can be acurately 
positioned as a fan of scans [Fig. 6-11]. The 
advantage of this technique is that the scans are 
coronal as can be. The disadvantage is that at the

47 83 12 12 77 11 2 78

36 9 74 73 26 27 10

Fig. 6-9. Principle of stretching the optic nerve by downward gaze. (From: Zonneveld et al., 1987)
a. Straight forward gaze with a (not necessarily) sinuous optic nerve.
b. Downward gaze resulting in a stretched optic nerve which is then parallel to the nasion-biauricular plane.
c. CT scan parallel to the nasion-biauricular plane during downward gaze showing the optic nerve and superior oblique 

muscle.
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Fig. 6-10. Scans can be made more perpendicular to the optic nerve by using table swivel or a special head rest. (From: 
Zonneveld et al., 1987)
a. Scan plane orientation perpendicular to the optic nerve, 
be. Standard coronal scans in Gaves’ ophthalmopathy, 
de. Modified coronal scans show the optic nerve better.

Fig. 6-11. Avoiding dental metal by making the scans anterior to it provides distorted but diagnostic coronal scans. (From: 
Zonneveld et al., 1987)
a. Scanogram with slice positions.
b. Distorted coronal CT scan showing a blow-out fracture.

line where the scan planes intersect, the radiation 
dose accumulates. An alternative is to take the 
most posterior scan just anterior to the dental 
metal and then scan anteriorly without modifying 
the tilt angle. The result will be a set of parallel 
scans obliquely intersecting the orbit (Vignaud 
and Aubin, 1978).

* Sagittal plane. Severe dental metal may produce 
high density artifacts in sagittal orbital scans- 
When the area of interest is limited to the optic 
nerve, superior and inferior recti muscles and the 
levator superioris muscle, then the artifacts can 
be avoided if the patient has no dental metal in the 
canine teeth and incisors on the side under inves-
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Fig. 6-12. Slight modification of the head position can avoid or reduce dental metal artifacts in direct sagittal scans. (From: 
Zonneveld et al., 1987)
a- Slice position interfering with dental metal, 
b- CT scan of the orbit showing high attenuation artifact. 
c- Modified head position by the use of a foam wedge, 
b. Same scan position as in b. with reduced artifact.

tigation. This scan plane modification is per
formed by placing a 10° foam wedge under the 
Patients cheek on the supported side. This causes 
an additional 10° tilt of the patient's head which 
"'ill let the scan plane pass medial to the dental 
metal [Fig. 6-12],

6.3 Patient examination

It is of extreme importance to carry out high 
resolution CT scans of the orbit with great care. 
The tissue contrasts are relatively small for high 
resolution CT and may therefore easily be dis
turbed by motion artifacts. These artifacts can 
readily occur due to the large contrast between 
bony edges combined with the air spaces of the 
Paranasal sinuses on one hand and the hazards of 
head motion, eye motion and blinking on the 
other hand.

b-3.1 Patient preparation. The patient prepara
tion is identical to that in CT of the temporal bone 
[Par. 4.3.1] except that it is even more important 
in orbital CT to prevent motion and not to forget 
to remove dental prostheses, when present.

6.3.2 Patient instruction. In addition to instruct
ing the patient prior to the examination that he or 
she is not to swallow, to cough or to move, the 
patient is asked to maintain the primary gaze 
position by looking at a fixed point. For this 
purpose four points have been marked on the 
scanner or direct sagittal neuro accessory table 
(one for transverse scans, one for coronal scans 
and two for sagittal scans; one for left and one for 
right). In addition, the patient is requested to 
hold his or her breath during the actual scan. 
During sagittal scans the patient should not pull 
up the shoulder, and should keep it out of the scan 
plane. In general patients were quite able to carry 
out these instructions during the actual examina
tions. The most difficult instruction appeared to 
be to refrain from blinking [Fig. 1-16].

6.3.3 Imaging sequence. All scans are performed 
with a 1.5 mm slice thickness. In transverse and 
sagittal scans the slice increment is 3 mm and in 
coronal scans 4.5 mm, unless there are special 
reasons that require a closer spacing of the scans. 
The scans are reconstructed before proceeding to 
the next scan. In the orbit it is difficult to identify 
the starting position and range of an examination.
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This is because pathology can be very localized 
and in those cases it is often possible to avoid 
scanning through the eye lenses. There are also 
cases, such as blow-out fractures of the orbital 
floor, where it is not possible to predict the loca
tion of the pathology. The fracture can be in the 
posterior or anterior part of the orbital floor and 
in the latter case it can be on the lateral side or in 
the central part of the floor [Par. 7.2.2], We shall 
now describe the imaging sequence for each scan 
plane separately.

* Transverse plane. When the orbits are ex
amined in the transverse plane, the examination 
is usually started at the infraorbital margin and 
the scans are taken in the superior direction until 
the superior margin of the orbit is reached. The 
scan through the entire course of the optic nerves 
passes just inferior to the eye lenses. This means 
that when only the optic nerves need to be 
scanned the scan plane can be positioned using 
the inferior margin of the iris as a landmark.

* Coronal plane. When the orbits are scanned in 
the coronal plane it is always helpful to make use 
of a lateral scanogram. This scanogram will show 
the dental metal, and in severe trauma it shows 
the metal of the zygoma reposition. The lateral 
scanogram also shows the contours of the cor

neas, and therefore it is a good aid in positioning 
the patient in the coronal plane. When dental 
metal is present there is a general preference to 
scan the orbit from posterior to anterior. The 
scanogram can also be used to adapt the tilt angle 
of the gantry [Fig. 6-11]. In general, the examina
tion area extends to between the inferior oblique 
muscle and the orbital apex. In special cases with 
pathology of the trochlea, eyelids, nasolacrimal 
canal or anterior part of the globe, more anterior 
scans have to be made involving the risk of scan
ning through the eye lenses which is normally to 
be avoided in coronal scanning.

* Sagittal plane. When the orbit is scanned in the 
sagittal plane, it is mandatory to increment the 
tabletop with the head holder on it towards the 
patient to ensure firm contact between patient 
and head holder. This means that the scans are 
always taken from the lateral to the medial orbital 
margin. The maximum range of 3 cm is small 
enough to avoid having to move the patient’s 
body. The patient is positioned for the first scan 
with the help of a light visor in the scan plane. This 
light visor is connected to the rotating part of the 
gantry (yoke). If the position of the yoke is such 
that the light visor is not in the correct position, 
the yoke can be temporarily moved to the correct 
position and is reset prior to scanning. The patient

fixation point

gantry
cover

patient aperture

scan plane

Fig. 6-13. During direct sagittal CT of the orbit the correct position of the eye lens and optic nerve can be maintained by the 
use of a fixation mark on the gantry cover (straight forward gaze).
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support at the rear of the gantry is equipped with a 
separate hand switch to move the tabletop with 
the head holder. With the help of this switch the 
scan plane is positioned at the lateral margin of 
the orbit. If a scan is only required of the optic 
nerve in relation with the superior and inferior 
recti muscles, the lateral margin of the iris is used 
as a landmark, making sure that the patient main
tains a straight forward gaze with the help of a 
fixation mark placed on the front cone of the 
patient aperture [Fig. 6-13]. During the scan pro
cedure a multiple zoom with a field of view of 120 
mm is used, which is centered on the orbital 
process of the palatine bone.

6.3.4 Image display and photography. For opti
mal spatial resolution the images are recon
structed with a standard Ramp convolution filter. 
With a 120 mm FOV, the pixel size of 0.47 mm 
does not limit the spatial resolution. The repro
duction of the contrasts between air, fat, muscle 
and bone is guaranteed with a window width 
between 400 H and 600 H and a window level of 
40 H. Smaller window widths are used to discrimi
nate intra-ocular tumors from the vitreous body, 
and wider windows in the range between 2400 H 
and 3200 H are used for the display of bony 
pathology like fractures, hyperostosis, osteomas 
and bony erosion.

For photography of the orbital scans a special 
display software has been developed which allows 
us to select a 128x256 submatrix from each scan 
and place two of these on one screen [Fig. 6-14], 
This allows for comparisons of two scans on one 
screen and saves a factor of two in film. For 
photography of coronal scans perpendicular to 
the optic nerve we prefer to select a 128x128 
submatrix containing the orbit and place four of 
these on one screen [Fig. 6-10bcde]. When both 
orbits are scanned, it is possible, using this tech
nique, to place both orbits, scanned at the same 
level, next to each other.

6.3.5 Special techniques (Valsalva). It has been 
suggested to use the Valsalva maneuver to aid the 
diagnosis of orbital varix (Winter et ah, 1982; 
Shields et ah, 1984). We have combined this 
technique with high resolution CT. A representa
tive scan through the center of the process is

Fig. 6-14. Diagnosis of a retrobulbar varix can be signifi
cantly facilitated by the use of the Valsalva maneuver.
a. Standard transverse scan is normal except for the fat 

plane between the lateral rectus muscle and the lateral 
orbital wall.

b. Transverse scan at the same scan position during Valsal
va maneuver shows a large retrobulbar varix.

repeated during performance of the Valsalva 
maneuver. Even without the use of intravenous 
contrast medium a significant enlargement of the 
orbital mass results and confirms the diagnosis of 
orbital varix [Fig. 6-14].

6.4 Correlative anatomy

From the anatomic structures that we considered 
to be visible in the CT scans we compiled a list that 
we will also use in the annotation of the CT scans. 
This list is attached to the end of this book and can 
be folded out.

Although knowledge about topographic 
anatomy is a vital prerequisite to understanding 
cross-sectional anatomy, we do not intend to 
repeat a description of this kind, as many descrip
tions can be found in the literature (Hafferl, 1957; 
Hotte, 1970; Koornneef, 1984). For the descrip
tion of the cross-sectional anatomy of the orbit 
most cross-sectional atlases are not detailed 
enough [Par. 4.4]. However, there are a few 
exceptions (Thompson and Hasso, 1980; Koorn
neef, 1981).
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We shall now describe each plane separately. 
We will use the concept of ‘slice level’ again as we 
have done for the temporal bone [Par. 4.4], How
ever, as we are mainly dealing with soft tissue 
structures that are subject to eye motions and

palpebral motions, this slice level, in the orbit, 
should not be considered as an ‘absolute’ level but 
more to give a gross indication of where we are in 
the orbit.

6.4.1 Transverse plane. As a landmark that can be easily recognized in the transverse plane, we have 
selected the optic canal. We will start below the inferior pole of the globe and then move in the superior 
direction.

L - 12.4 mm This level intersects the belly of the left inferior oblique muscle. Anterior to it are the 
orbital septum and the orbicularis muscle. Posterior to it are the inferior orbital 
fissure, which is shown longitudinally, and the pterygopalatine fossa shown in cross 
section. As the latter is one of the access possibilities for tumor invasion, it is 
important to check that the fat in the pterygopalatine fossa at this level is not 
infiltrated. The nasal cavity, maxillary sinuses, ethmoidal sinuses and sphenoidal 
sinus are well outlined. Note the carotid canals with calcification of the right carotid 
artery [Fig. 6-15].

8 69 74 72 80 13 83 19

42 52 25 73 61 66

Fig. 6-15. Correlative CT anatomy in the transverse plane at the level of the belly of the inferior oblique muscles. See text for a
more detailed description.
a. CT scan. b. Cryosectional surface aspect.

L - 9.3 mm The scan level approaches the roof of the maxillary sinuses and the sphenoidal sinus, 
(which in this case is separated by a septum into a left and a right sinus) reaches here 
its maximum cross-sectional area. Just anterior to the pterygopalatine fossa is the 
narrow part of the inferior orbital fissure with a higher density than fat representing 
Müller’s muscle. More anteriorly, lateral to the inferior rectus muscle is the anterior 
part of the inferior orbital fissure giving access to the temporal fossa. Anteronie- 
dially is the entrance of the nasolacrimal canal. Just anterior to the greater wing of 
the sphenoid bone is the inferior ophthalmic vein (right side). The internal carotid 
artery has just entered the cranial vault and its impression into the sphenoid bone 
forms a semi-canal [Fig. 6-16],
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33 29 66 14 61 73 25 69 8 66

Fig. 6-16. Correlative CT anatomy in the transverse plane at the level just below the roof of the maxillary sinuses. See text for 
a more detailed description.
a. CT scan. (From: Zonneveld et al., 1987) b. Cryosectional surface aspect.

2 33 79 72 74 79 84 33

66 29 8 10 73 66 50

Fig. 6-17. Correlative CT anatomy in the transverse plane at the level where the inferior ophthalmic fissure opens up into the 
cranial vault. See text for a more detailed description, 
a. CT scan. b. Cryosectional surface aspect.

L - 6.2 mm This is the level where the inferior orbital fissure opens up into the cranial vault.
Between the globe and the obliquely intersected inferior rectus muscle is a medial 
collateral vein which, on the right side, is seen in communication with the inferior 
ophthalmic vein. The anterior part of the inferior orbital fissure is closing on the right 
side and has already closed on the left side. This level intersects the superior rim of 
the lower eye lids and medial to these are the lacrimal sacs. The right nasal cavity is 
seen in communication with the sphenoidal sinus [Fig. 6-17].

L-3.1 mm At this,level the palpebral ligaments and check ligaments are seen as separate 
entities. The medial palpebral ligament surrounds the lacrimal sac which can be seen
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Fig. 6-18. Correlative CT anatomy in the transverse plane at the level of the palpebral ligaments and check ligaments. See 
text for a more detailed description.
a. CT scan. (From: Zonneveld et al., 1987) b. Cryosectional surface aspect.

on the right side. The check ligaments are part of the orbital connective tissue 
system. The nasolacrimal fossa has opened up and the anterior and posterior 
lacrimal crests have become visible. The inferior orbital fissure is about to change its 
name to superior orbital fissure. This is the level of the cavernous part of the internal 
carotid artery. The ethmoidal sinus has reached its maximum cross-sectional area 
[Fig. 6-18], '

L 0.0 mm This is the level of the optic nerve. It is seen together with the medial and lateral recti
muscles, the long posterior ciliary artery (right side), the superior orbital fissure and 
the optic canal (left side). The superior ophthalmic vein is seen as it leaves the orbit 
through the superior orbital fissure. Note the calcified walls of the terminal parts of 
the internal carotid arteries [Fig. 6-19].

1 2 30 9 33 82 42

34 23 65 51 25 67 71 27 36 10

Fig. 6-19. Correlative CT anatomy in the transverse plane at the level of the optic nerve. See text for a more detailed
description.
a. CT scan. (From: Zonneveld et al., 1987) b. Cryosectional surface aspect.
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4 3 74 44 54 72 33 84 78

10 36 9 12 57 49 7 20 23 34

Fig. 6-20. Correlative CT anatomy in the transverse plane at the level of ophthalmic artery. See text for a more detailed
description.
a. CT scan. (From: Zonneveld et al., 1987) b. Cryosectional surface aspect.

L + 3.1 mm The relationship between the ophthalmic artery and the underlying optic nerve is 
clearly discernable on this CT scan. The ophthalmic artery has entered the orbit just 
lateral to the optic nerve and is seen crossing to the other side. Between the globe 
and the medial rectus muscle the medial collateral vein is seen in cross section in the 
CT scan. The lacrimal gland starts to become visible just lateral to the aponeurosis of 
the lateral rectus muscle [Fig. 6-20].

L + 6.2 mm This cross section is exactly at the level of the ethmoidal foramina. In the cryosection 
only the anterior ethmoidal foramina are shown. The anterior ethmoidal artery or 
vein is not seen in this particular scan but it is sometimes visible on CT [Fig. 6-9c], 
Note on the CT scan the vorticose vein as it leaves the right globe at the medial side 
[Fig. 6-21],

78 2 35 27 74 75 76 42

22 10 7 27 12 57 25 51 65 50

Fig. 6-21. Correlative CT anatomy in the transverse plane at the level of the ethmoidal foramina. See text for a more detailed
description.
a. CT scan. (From: Zonneveld et al., 1987) b. Cryosectional surface aspect.
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21 27 32

78 50 65 59 51 12 28 7 86

Fig. 6-22. Correlative CT anatomy in the transverse plane at the level of the separation of the lacrimal vein from the superior 
ophthalmic vein. See text for a more detailed description.
a. CT scan. (From: Zonneveld et al., 1987) b. Cryosectional surface aspect.

L + 7.2 mm This intermediate level is shown to demonstrate the superior ophthalmic vein as it 
crosses over from the medial to the lateral side of the orbit. The lacrimal vein is 
connected to it. The cryosection clearly demonstrates this on the left side as well. On 
that side the superior ophthalmic and lacrimal veins are dilated. Between the belly of 
the superior oblique muscle and the superior muscle complex the medial ophthalmic 
vein can be seen in the CT scan [Fig. 6-22].

L + 9.3 mm The lacrimal gland predominates in this CT scan. It is seen medial to the zygomatic 
process of the frontal bone. It is difficult to separate the superior rectus muscle from 
the levator palpebrae superioris muscle. At the lateral side of the superior muscle 
complex is the lacrimal artery. Of the superior oblique muscle, both the reflected 
tendon as well as the belly are visualized at this level [Fig. 6-23].

27 57 46 11 78 47

12 7 22 50

Fig. 6-23. Correlative CT anatomy in the transverse plane at the level just below the superior pole of the globes. See text for a
more detailed description.
a. CT scan. (From: Zonneveld et al., 1987) b. Cryosectional surface aspect.
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78 85 11 77 12 46 70 83 19 47

1 7 27 27

Fig. 6-24. Correlative CT anatomy in the transverse plane at the level of the trochlea. See text for a more detailed description, 
a. CT scan. (From: Zonneveld et al., 1987) b. Cryosectional surface aspect.

L +12.4 mm This scan is taken at the level of the trochlea. The reflected tendon of the superior 
oblique muscle is seen in combination with the trochlea on CT, while in the 
cryosection the fibrous tissue of the tendon is clearly seen separately from the 
cartilagenous tissue of the trochlea. The superior ophthalmic vein is seen at the point 
where it passes underneath the trochlea. The orbital septum separates the 
preaponeurotic fat pad from the fat pad underlying the orbicularis muscle and is 
attached to the zygomatic process of the frontal bone. On the left side the CT scan 
grazes the superior pole of the globe, and on the right side it intersects the pole of the 
globe [Fig 6-24],

6.4.2 Coronal plane. As a landmark that can be easily recognized in the coronal plane we have selected 
the entrance of the nasolacrimal canal. We will start at the level of the optic canal entrance and then 
move in the anterior direction.

L - 29.5 mm This scan level is just anterior 
to the point where the optic 
nerves enter the optic canals.
There is an indentation of the 
optic nerves into the lesser 
wings of the sphenoid bone. Di
rectly inferior to the optic nerve 
is a cluster of small nerves en
tering the orbit through the 
superior orbital fissure. In
ferior to this is the inferior orbi
tal fissure giving access to the 
pterygopalatine fossa which 
communicates laterally with
the temporal fossa and medial- g ^ Coronal CT scan at the level just anterior to the
ly via the sphenopalatine fora- point where the optic nerves enter the optic canals.

147



Chapter 6

men with the nasal cavity. This scan level is just anterior to the posterior border of 
the maxillary sinus. The coronoid process of the mandible is seen with the temporalis 
muscle attached to it [Fig. 6-25],

L - 24.8 mm This scan is made at the level of the anterior margin of the pterygopalatine fossa. The
middle cranial fossa ends at this level, as well as the superior orbital fissure. The 
oculomotor nerve, abducens nerve and nasociliary nerve at this level are so thick that 
they can be identified separately. The optic nerve is still located in the medio- 
superior corner of the orbit on its approach to the optic canal. Note that, on the left, 
the nasal cavity communicates with the sphenoidal sinus at this level. Miiller’s 
muscle can be seen as a muscle density in the inferior orbital fissure, separating the 
orbit from the pterygopalatine fossa. The masseter muscle is seen attached to the 
zygomatic arch [Fig. 6-26].

39 37 7 9 28 36 20 65

42 41 61 14 8 38 66 29 10 27 42

Fig. 6-26. Correlative CT anatomy in the coronal plane at the level of the anterior margin of the pterygopalatine fossa. See 
text for a more elaborate description. (From: Zonneveld et al., 1987)
a. CT scan.
b. Cryosectional surface aspect.

L - 18.5 mm As the scan plane moves anteriorly, the optic nerve moves more to the central part of 
the orbit and now shows a fat plane medial to it. The inferior orbital fissure is at its 
narrowest point. The zygomatic arch is seen in cross section with the temporalis 
muscle medial to it. The levator palpebrae superioris muscle is relatively medial with 
respect to the superior rectus muscle. The inferior muscular artery branches from the 
ophthalmic artery [Fig. 6-27],

L - 10.8 mm At this level the temporal fossa is closing in. This scan shows a perfect cross section of 
the retrobulbar space, with five extrinsic ocular muscles in cross section together 
with the optic nerve. Some blood vessels (ophthalmic artery, superior ophthalmic 
vein, long posterior ciliary artery) as well as the frontal nerve are seen in cross 
section. Note that the nasal cavity communicates with the ethmoidal sinus and the 
right maxillary sinus at this level [Fig. 6-28].
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50 46 37 5 12 49 36 6 10

40 66 8 38 9 20 69 24 42

Fig. 6-27. Correlative CT anatomy in the coronal plane at the level where the inferior orbital fissure reaches its narrowest 
point. See text for a more detailed description. (From: Zonneveld et al., 1987)
a. CT scan.
b. Cryosectional surface aspect.

42 46 37 28 36 12 20 7 27 10

42 21 68 69 74 72 9 8 23 86

Fig. 6-28. Correlative CT anatomy in the coronal plane at the level just posterior to the globe. See text for a more detailed 
description. (From: Zonneveld et al., 1987)
a. CT scan.
b. Cryosectional surface aspect.

L - 7.7 mm This section demonstrates the relationship between the optic nerve, seen in cross 
section, and the posterior margin of the globe. This demonstrates that the optic 
nerve does not enter at the most posterior point of the globe, but at the point where 
the globe intersects with the longitudinal axis of the orbital pyramid. At this level the 
subarachnoid space and the dura mater of the optic nerve sheath are visualized 
separately. The superior rectus muscle and the levator palpebrae superioris muscle 
are almost visualized as one muscle complex except for the fact that the levator 
palpebrae superioris muscle extends more medially than the superior rectus muscle. 
In this patient the superior ophthalmic vein is dilated. Note that the orbital plate of
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Fig. 6-29. Correlative CT anatomy in the coronal plane at the level of the posterior margin of the globe. See text for a more 
detailed description. (From: Zonneveld et al., 1987) 
a. CT scan. b. Cryosectional surface aspect.

the ethmoid bone is invisible on the left, due to the partial volume averaging with the 
air in the ethmoidal sinus whereas the soft tissue in the right ethmoid prevents this 
[Fig. 6-29],

L-6.2 mm This CT scan is taken through the anterior ethmoidal canals which are seen as 
indentations of the medial orbital walls. Just superolateral to them are the bellies of 
the superior oblique muscles. In this patient, the superior rectus muscle is nicely 
separated from the levator palpebrae superioris muscle. The left maxillary sinus can 
be seen in communication with the nasal cavity, and the infra-orbital canal is seen as 
a soft tissue mass in the orbital floor. The scan plane grazes the posterior margin of 
the lacrimal gland, which is only seen on the right side [Fig. 6-30].

78 6 5 20 74 57 70 12 86 10

27 69 9 75 72 8 68 1

Fig. 6-30. Correlative CT anatomy in the coronal plane at the level of the anterior ethmoidal canals. See text for a more
detailed description. (From: Zonneveld et al., 1987)
a. CT scan. b. Cryosectional surface aspect.
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78 7 12 49 57 27 46 37 48

2 13 43 9 72 80 69 8 45 42

Fig. 6-31. Correlative CT anatomy in the coronal plane at the level of the belly of the inferior oblique muscle. See text for a 
more detailed description.
a. CT scan. b. Cryosectional surface aspect. (From: Zonneveld et al.,1987)

L 0.0 mm The belly of the inferior oblique muscle predominates in this section. Medial to it is
the entrance of the nasolacrimal canal. Note that the aponeuroses of the recti 
muscles are visualized just outside of the sclera. The lacrimal gland forms one tissue 
mass with the superior muscle complex and the upper eye lid, as they have the same 
CT density. The scan level is now anterior to the lateral orbital margin [Fig. 6-31],

L + 9.3 mm This scan is made at the level of the trochlea. The eye lens is seen as a high density 
disc contrasting with the vitreous humor in the globe. The eyelids are homogeneous 
in structure and have the same CT density as the superior and inferior lacrimal 
canaliculi, medial palpebral ligament and lacrimal sac (if not fluid- or air-filled). The 
orbital septum is seen as a thin line running medially from the lateral margin of the 
frontal bone [Fig. 6-32],

84 46 77 12 27 57 70 11 2 83

4 84 31 44 72 15 84 3

Fig. 6-32. Correlative CT anatomy in the coronal plane at the level of the trochlea. See text for a more detailed description.
(From: Zonneveld et at, 1987)
a. CT scan. b. Cryosectional surface aspect.
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6.4.3 Sagittal plane. As a landmark that can be easily recognized in the sagittal plane we have selected 
the infra-orbital canal. We will start at the level of the lateral collateral vein and then move in the 
medial direction.

L + 10.5 mm This scan demonstrates the lateral communicating vein. Note on the cryosection how 
the trigeminal nerve enters the trigeminal cavity (Meckel’s cave), and how the 
maxillary nerve proceeds forward over the internal carotid artery through the 
foramen rotundum, which is also visible on the CT scan. The globe is sectioned near 
its lateral margin. Posteriorly is the lateral rectus muscle in oblique cross section 
with, below it. the pterygopalatine fossa separated from the orbit by Müller’s muscle 
[Fig. 6-33],

Fig. 6-33. Correlative CT anatomy in the sagittal plane at the level of the lateral communicating vein and the foramen 
rotundum. See text for a more detailed description. (From: Zonneveld et al., 1987) 
a. CT scan. b. Cryosectional surface aspect.

50 51 10 34 78

64 69 68 2 13 84

Fig. 6-34. Correlative CT anatomy in the sagittal plane at the level of the center of the lateral rectus muscle. See text for a
more detailed description. (From: Zonneveld et al., 1987)
a. CT scan. b. Cryosectional surface aspect.
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51 10 46 86 78 48

25 61 52 69 43 13 45 84

Fig. 6-35. Correlative CT anatomy in the sagittal plane at the level of the lateral margin of the orbital process of the palatine 
bone. See text for a more detailed description. (From: Zonneveld et al., 1987) 
a. CT scan. b. Cryosectional surface aspect.

L + 9.0 mm The belly of the lateral rectus muscle predominates in this section. A bony spur (the 
lesser wing of the sphenoid bone) indicates where the anterior cranial fossa is 
separated from the middle cranial fossa. [Fig. 6-34].

L + 4.5 mm A white bony spot separating the orbit from the pterygopalatine fossa is seen in this 
scan. It represents the lateral margin of the orbital process of the palatine bone. 
More anteriorly the entrance of the infra-orbital nerve into the infra-orbital groove is 
visible. Above the globe the lacrimal gland is seen [Fig. 6-35].

L 0.0 mm This is the level of the axis of the optic nerve, which can be followed to the orbital
apex where it turns medially towards the optic canal. This scan plane passes lateral to

Fig. 6-36. Correlative CT anatomy in the sagittal plane at the level of the axis of the optic nerve. See text for a more detailed
description. (From: Zonneveld et al., 1987)
a. CT scan. b. Cryosectional surface aspect.
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the eye lens, which is therefore not visualized. Both the superior and inferior recti 
muscles are displayed, and the belly of the inferior oblique muscle has become oval 
in cross-sectional shape and touches the aponeurosis of the inferior rectus muscle. 
Below this, the infra-orbital canal is seen in the orbital floor. Note that, in this 
patient, the wall of the internal carotid artery has been calcified [Fig. 6-36].

L - 7.5 mm This is the level of the center of the cornea. The full extent of the levator palpebrae 
superioris muscle is now shown as this section passes mainly medial to the superior 
rectus muscle of which only a small part close to the globe is visualized. The superior 
ophthalmic vein can be seen below it in oblique cross section. The eye lens is shown, 
and the inferior oblique muscle is seen in cross section above the orbital floor [Fig.
6-37].

60 67 5 27 6 85 3 19

73 72 74 69 20 13 4

Fig. 6-37. Correlative CT anatomy in the sagittal plane at the level of the center of the cornea. See text for a more detailed 
description. (From: Zonneveld et al., 1987) 
a. CT scan. b. Cryosectional surface aspect.

Fig. 6-38. Correlative CT anatomy in the sagittal plane at the level just medial to the eye lens. See text for a more detailed
description. (From: Zonneveld et al., 1987)
a. CT scan. b. Cryosectional surface aspect.
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60 74 9 12 11 46

Fig. 6-39. Correlative CT anatomy in the sagittal plane at the level of the nasolacrimal canal. See text for a more detailed
description.
a. CT scan. b. Cryosectional surface aspect. (From: Zonneveld et al., 1987)

L - 10.5 mm This scan is made just medial to the eye lens. The medial rectus muscle and the 
superior oblique muscle are approaching each other, while the anterior part of the 
levator palpebrae superioris muscle is seen by itself at this anterior location as it 
becomes a thin and wide muscle [Fig. 6-38].

L - 13.5 mm This scan shows the entire length of the nasolacrimal canal. The reflected tendon of 
the superior oblique muscle is seen in cross section as it approaches the trochlea. 
Below it is the medial margin of the globe [Fig. 6-39],

6.4.4 Relationship between scan plane orienta
tion and anatomy visualization. In Par. 4.4.9 we 
have introduced the concept of ‘transverse’ and 
‘longitudinal’ visualization. We will again give a 
few examples of the different elementary shapes 
that we use to characterize the visualization of 
anatomic details in the orbit [Fig 4-92]:

tubular or
filiform (TUB)
infundibuli-
form (INF)
disc shaped (DIS)
spherical (SPH)
membranous (MEM)
flat (FLA)

—optic nerve, vessel

—aponeurosis 
—eye lens 
—globe
—orbital septum 
—orbital wall

Name of anatomic detail Shape

Trans
verse

Scan plane

- Coro- Sagit- 
nal tal

1,2 Globe SPH T T T
6,8 Sup./lnf. rectus muscle TUB T L
9,10 Med./Lat. rectus 
muscle

TUB L T

11 Sup.obliquetendon(refl.p.) TUB L L2» T
12 Superior oblique muscle TUB L1) T
13 Inferior oblique muscle INF L T
27 Superior ophthalmic vein TUB L T
36 Optic nerve TUB L T L
46,51 Orbital roof FLA T T
47,42,46,50 Lat. orbit, wall FLA T T
42,43,52 Orbital floor FLA T T
44,46,49,51,53 Med. orb. wall FLA T T
67 Optic canal TUB L T
78 Lacrimal gland DIS T L
80 Nasolacrimal canal TUB T L L
83 Orbital septum MEM T T

Table 20 gives the plane(s) in which the transverse 
and longitudinal visualization occurs of a number 
of anatomic details.

Table 20. Relationship between scan plane and anatomy 
visualization (L= longitudinal, T= transverse visualization).
1) when scanning parallel to the nasion-biauricular plane.
2) when scanning in a plane perpendicularto the optic nerve.

155



Chapter 6

6.5 Discussion and conclusions

In contrast with the temporal bone [Par. 4.5] we 
feel that there is not much need to compare CT of 
the orbit with polytomography of the orbit (Pot
ter, 1972; Korach and Vignaud, 1981) as we are 
mainly dealing with soft tissue pathology and in 
cases of bony pathology there is usually also a soft 
tissue component that requires investigation. 
Therefore we will focus on the development of 
orbital CT in general, the trade off with 
multiplanar reformatting in obtaining scans in 
different planes, and the contribution of our CT 
technique in particular.

The combination of improved spatial resolution 
and reduction of the slice thickness has led to the 
visualization of smaller and smaller anatomic de
tails. This trend is demonstrated by Table 21 as a 
compilation of improvements in soft tissue vis
ualization.

Table 21 shows that with the use of new scanner 
designs, higher spatial resolution, special al
gorithms, thinner slice thickness, special target 
scans and the use of narrow display windows 
smaller and smaller soft tissue details can be 
visualized in the background of the orbital fat 
tissue which forms a natural contrast. A similar 
trend occurred with bony detail visualization.

DATE TECHNIQUE NEW SOFT TISSUE 
VISUALIZATION

LITERATURE DATE TECHNIQUE NEW SOFTTISSUE LITERATURE 
VISUALIZATION

S 04/72 EMI Mark 1 Globe Gawleret R 03/80 Delta 2020 Dorsal nasal artery
802 matrix Eye lens al., 1974 (continued) Supra-trochlearar-
8 mm slice Optic nerve Baker et tery

Retrobulbar fat al., 1974 Long posterior ciliary
Tumors of 1 cm in Lampert et artery
diameter or larger al., 1974 Lacrimal vein

S01/74 EMI Mark 1 Med. rectus muscle Ambrose et Nasal frontal vein
1602 matrix Lat. rectus muscle al., 1974 Inferior ophthalmic
8 mm slice Lacrimal gland Sandersand vein

Gawler,1975 Frontal nerve
Momoseet Lacrimal nerve
al., 1975 Nasociliary nerve

P 09/75 EMI Mark 1 Sclera Hilal and Oculomotor nerve
1602 matrix Anterior chamber Trokel, 1977 (inf. division)
4 mm slice Orbital septum Abducens nerve

Inferior rectus Superior oblique
muscle tendon
Superior muscle Trochlea
complex S 02/82 Tomoscan Supra-orbital artery Zonneveld
(incl. sup. oblique 310/350 Lacrimal artery etal.,1986
muscle) 1.5 mm slice Medial ophthalmic
Superior ophthalmic Transverse, vein
vein coronal and Vorticose vein

S 06/75 EMI CT5000 Ophthalmic artery Tadmorand sagittal Ciliary ganglion
3202 matrix Superior oblique New, 1978 scans Müller’s muscle
6 mm slice muscle Palpebral ligaments
coronal scan Inferior oblique Check ligaments

muscle P11/83 Synerview Infra-trochlearartery Citrin, 1986
P11/79 AS&E Differentiation be- Trokel and Hi- 1200SX Central retinal artery

2 mm slice tween neoplasm lal, 1980 1 or2 mm Supra-orbital nerve
and pseudotumor slice. Supra-trochlear

R 03/80 Delta 2020 Anterior ophthalmic Weinstein Scan area nerve
2 mm slice artery etal.,1981 100-130 mm Lockwood tendon of
special Anterior ethmoidal Transverse inferior oblique
scan area artery and coronal muscle
of 127 mm Posterior ethmoidal scans

artery

Table 21. Progress in soft tissue visualization by orbital CT.
(S = start of study, P = presentation of paper, R = manuscript received by editor).
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This was important for the detection of fractures 
of thin orbital walls and the recognition of subtle 
bony wall erosion. The clinical value of this trend 
will be discussed in Chapter 7. The decision to use 
a 1.5 mm slice thickness for the orbit was taken by 
most people to be able to make reformatted 
images (Forbes, 1982; Unsold et al, 1982). We 
decided to take this approach purely to improve 
the image quality by reducing the partial volume 
averaging. This approach was also recognized by 
a few others (Peyster, 1983; Citrin, 1986).

The second trend that we would like to discuss 
is the use of other visualization planes than the 
transverse plane. The transverse plane is a very 
important base plane which is capable of demon
strating the majority of anatomic structures for 
both orbits simultaneously. However, the visuali
zation matrix of Table 20 shows that the trans
verse or longitudinal visualization of many details 
can only be obtained in the coronal or sagittal 
plane. The main point of discussion here is 
whether these other planes should be obtained by 
means of multiplanar reformatting (MPR) or by 
direct scanning. MPR has been applied to the 
orbit already in an early stage (Zilkha, 1982). The 
arguments used by Zilkha in favor of MPR are 
that:
a. It can obviate the need for direct scanning in 

other planes.
b. It therefore also prevents added radiation ex

posure to the patient.
c. Direct sagittal scanning is very cumbersome.

Zilkha used 5 mm consecutive scans. We know 
from Johnson and Korobkin (1982) that the im
age quality of the MPR images based on these 
scans is rather poor, even when they are com
pared with 5 mm thick direct scans. In an attempt 
to improve the MPR image quality Forbes et al. 
(1982) used 25 contiguous 1.5 mm scans as a 
database for MPR, while Unsold et al. (1982) 
used, in addition to this technique, a series of 
about 35 scans of 1.5 mm slice thickness at 1 mm 
increments. We will call the MPR techniques of 
Forbes et al. and Unsold et al. ‘high resolution’ 
MPR and the technique of Zilkha ‘standard 
MPR’. In our own comparison (Zonneveld and 
Koornneef, 1986) between MPR and direct multi- 
planar CT [Fig. 6-40] we came to the conclusion

e. f.

Fig. 6-40. Image quality comparison between multiplanar 
reformatting (MPR) and direct scanning, based on a cadaver 
experiment. (From: Zonneveld and Koornneef, 1986)
a. MPR based on 3 mm transverse scans at 3 mm incre

ments.
b. MPR based on 1.5 mm transverse scans at 3 mm incre

ments.
c. MPR based on 3 mm transverse scans at 1.5 mm incre

ments.
d. MPR based on 1.5 mm transverse scans at 1.5 mm 

increments.
e. Direct sagittal scan with 3 mm slice thickness.
f. Direct sagittal scan with 1.5 mm slice thickness.

that MPR based on 1.5mm or 3.0 mm scans both 
at 3.0 mm increments are not diagnostic, that 
MPR based on consecutive 1.5 mm scans (high 
resolution MPR) and 3 mm direct scans are diag
nostic for gross pathology and that only 1.5 mm 
direct scans are diagnostic for detailed pathology 
[Chapter 7],

Zilkha’s argument a. includes the assumption 
that the transverse scan series is the same whether 
MPR is required or not. There are two reasons 
why this assumption is not correct. The first 
reason is the fact that the range scanned is usually 
larger when the scans are to be used for MPR. 
The second reason is that the slice increment is
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a. b.

Fig. 6-41. Comparison between in-vivo MPR and direct- 
scanning (coronal plane).
a. Reformatted image showing an artificial dehiscence of 

the medial rectus muscle due to a change of gaze direc
tion during scanning of the transverse slices.

b. Direct coronal scan demonstrating artifact-free high 
resolution image quality.

usually smaller when the scans are to be used for 
MPR. Otherwise the resulting MPR images are 
not diagnostic. In addition to these two reasons 
there is the potential hazard, which is particularly 
great in the orbit, that the patient moves during 
the acquisition of the transverse scans and unin
tentionally causes one or more discontinuity ar
tifacts in the resulting MPR image [Fig. 6-41], 
Direct scans in coronal or sagittal planes do not 
suffer from this kind of artifact and always present 
with a better spatial resolution than MPR images. 
The only problem with direct scans may be the 
potential interference with dental metal, or when 
this is avoided, a distorted anatomy. On the other 
hand, there is also the possibility that the patient 
has metal in places that interfere with transverse 
scans such as in the case of zygomatic fracture 
reposition. In such a case the metal can be 
avoided by a direct sagittal scan.

Argument b. is not true when radiation dose is 
used to mean the volume dose. If, in direct multi- 
planar CT, the total number of required scans is 
smaller, then also the volume dose will be smal
ler. And, additionally, when direct multiplanar 
scans are intended to be made, the range of the 
transverse scans can be limited to about 2 cm (8 
scans instead of 25 for high resolution MPR) as 
the areas near the orbital floor and roof are much 
better visualized on sagittal or coronal scans. This 
further reduces the dose imposed by the trans
verse scan series significantly. Scans in two or 
more planes only may increase the local dose in 
those areas that are imaged twice. For this reason

it is advisable, when scans are made in the trans
verse and sagittal planes, not to include the eye 
lenses in both scan series.

Argument c. may be true for a number of 
scanner designs. It is our experience, however, 
after having scanned more than 220 patients di
rectly in the sagittal plane, that our technique is 
not cumbersome and only presents problems in 
very elderly patients, obese patients, patients 
with very short necks, and patients with excessive 
dental metal such as bridges or metal canine or 
incisor teeth. The number of patients in this 
category can be estimated to be less than 5%. We 
felt that the gain of the extra 7° between scan 
plane and patient support plane by the use of a 
separate patient support at the rear of the gantry 
was a vital improvement and makes positioning 
much more comfortable than when the patient is 
positioned on the standard patient support (Mon- 
dello and Savin, 1979; Ball et al., 1985).

We may therefore conclude that with our 
equipment and technique the preference for di
rect multiplanar scanning technique against the 
use of MPR was justified by better image quality 
at equal or lower volume radiation dose and at an 
equal or improved patient throughput (total 
number of scans per examination plus extra re
construction effort for MPR). There are only two 
relatively rare occasions when one would take the 
effort to acquire a large number of scans at small 
increments without patient motion, eye motion or 
blinking. The first is that MPR is the only way to 
obtain the required other imaging planes (direct 
multiplanar CT is contra-indicated). The second 
one is when for the diagnosis or treatment of the 
patient 3-D reconstructions are required. Once 
the image stack for 3-D imaging is available, it can 
also be used for MPR [Fig. 2-25].

Finally we will discuss the particular merits of 
our scan technique and start with the orientation 
of the transverse plane. Table 22 gives a survey of 
the planes and projection line that we have used 
as a reference and Table 23 gives the suggested 
planes from the literature. In this literature we 
can note that due to the fact that the optic nerve 
does not follow a straight course, different au
thors have focussed on different parts of the optic 
nerve. Unsold et al. (1980a) focused on the distal 
middle and proximal parts of the optic nerve
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NAMEOFTHE
PLANE/LINE

ORIEN
TATION

EQUIVALENT NAME(S)

Nasion-biauricular plane +20°
Orbito-meatal plane +15° Cantho-meatal plane
Reid’s baseline + 3.5°
Frankfurt horizontal 0° Anthropological base

plane, Virchow plane
Caldwell projection -10°
Neuro-ophthalmic plane -15°
Mahoney’s projection -20°

Table22. Survey of reference planes and their approximate 
relation.

NAMEOFTHE
PLANE/LINE

ORIEN
TATION

LITERATURE

-10° to O-M plane + 5° Hilal and Trokel, 1977 
Bryan and Craig, 1984

Reid’s baseline + 3.5° Wende etal., 1977
Frankfurt horizontal 0° Salvolini etal., 1978

Wilms etal., 1983
-18° to O-M plane - 3° Bryan and Craig, 1984
-20° to O-M plane - 5° Unsöldetal., 1980a
Neuro-ophthalmic plane -15° van Damme et al., 1978

Table 23. Suggested planes for scanning parallel to the 
optic nerves.

separately to compensate for its sinuosity. Al
though it is true that optic nerves may present a 
sinusoidal shape in a sagittal cross section, this is 
often combined with the presence of enophthal- 
mos. Dr. Unsold worked frequently with cadaver 
material which usually suffers from enophthal- 
mos. This may have been the reason why she, in 
comparison to our experience, may have over
stressed the problem of sinuosity of the optic 
nerve. Van Damme et al. (1977) have focussed on 
the proximal part of the optic nerve. This may 
have been the reason why Salvolini et al. (1978) 
considered van Damme’s plane as an adaptation 
for an individual normal variant. The advantage 
of adapting the scan plane to the course of the 
proximal part of the optic nerve is that it also 
provides a good longitudinal visualization of the 
optic canal. The optic canal follows a plane at 
-30° to the orbitomeatal plane (Unsold et al., 
1980b). This has the advantage that possible in
tracranial extent of optic nerve lesions can be 
readily visualized. In our experience the neuro- 
ophthalmic plane gives excellent longitudinal vis
ualization of the optic nerve, provided that the

distal part of the optic nerve and the optic canal 
are not always visualized together at one level. In 
cases where this is required, use can be made of 
upward gaze with adaptation of the scan plane, 
although we have never experienced this need. 
The only cases where we have positioned the 
patient in a slightly different plane were those that 
required 3-D reconstructions. There we have to 
cope with the fact that for 3-D slice stacks no 
gantry tilt is allowed.

In scanning the patient in the coronal plane, we 
have good experience with the prone position. 
We always used a lateral scanogram as a basis for 
positioning the scanplane without interference of 
dental or other metal. This often meant that the 
scans had to be made anterior to the dental fil
lings. The advantage is that artifact-free images 
are obtained. The disadvantage is that the gantry 
tilt has to be adjusted for every scan and that the 
radiation dose cumulates where the scans in
tersect. In spite of this we have not used the 
alternative of scanning all coronal scans at a more 
backward tilted angle (Vignaud and Aubin, 1978) 
as this technique will cause distorted anatomy in 
all scans. On the rare occasions that patients had a 
very stiff neck it was possible to scan them on the 
special patient support for sagittal scans while 
making use of an experimental coronal head hol
der placed on the head rest of the standard tab
letop. By using this technique an extra 7° angle 
was gained that could compensate for the lack of 
neck extension. The disadvantage of this tech
nique is that it is not possible to make a lateral 
scanogram and accurately position the scan plane 
in this position. In the case of scanning females 
with large breasts some investigators advise using 
the supine position. We were able to avoid this by 
retraction of the mattress over a 40 cm distance.

In direct scanning of the orbit in the sagittal 
plane we have been quite successful (Zonneveld 
and Koornneef, 1986). The most severe problem 
that we encountered was to avoid the dental 
fillings. When scanning the midsagittal plane of 
the orbit with the optic nerve, dental metal ar
tifacts could be avoided or reduced to an accept
able level by tilting the head 10° away from the 
sagittal plane. The disadvantage of this modifica
tion was that the superior and inferior recti mus
cles were no longer imaged in one scan but re
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quired multiple levels. The dental problem was 
more difficult to avoid in the region of the lacri
mal gland but sagittal scans of the lateral part of 
the orbit were rarely required. In the medial part 
of the orbit the sagittal scan was perfect to image 
the nasolacrimal canal. In this area there was no 
problem with dental metal unless it was present in 
the anterior part of the dentition (incisors and 
canine teeth). We will discuss the clinical value of 
the direct sagittal scans in Chapter 7.

With respect to the scan procedure the combi
nation of thin-section scanning and geometric 
enlargement [Par. 2.3.2] proved to be very help
ful in avoiding tube cooling delays such as other 
investigators have encountered with other scan
ner designs (Forbes et ah, 1982). The reason for 
this was that, due to the geometric enlargement, 
the solid angle of X-rays passing through the slice 
thickness collimator was enlarged resulting in the 
use of a lower tube current to obtain the same 
detector signal [Table 7]. This lower tube current 
could be supplied by a small focal spot, thus 
providing a well-defined slice geometry (penum
bra radiation) and preventing tube cooling de
lays. Especially in the case of scanning a large 
series of thin sections for 3-D imaging this is of 
vital importance, as it not only prevents the tube 
cooling delays but also extends the tube life.

We may therefore conclude that the combina
tion of geometric enlargement, wide patient aper
ture cone, small focal spot, patient accessories for 
direct coronal and sagittal scans of the orbit and
1.5 mm slice collimation have provided us with 
the tools to obtain, without special efforts, high- 
resolution images of the orbits in the optimum 
plane and, at the same time, also the tools for 
generating the stack of thin sections for 3-D imag
ing or special MPR without tube cooling delays or 
reduced tube life.

Detailed anatomy studies of the orbit (Koorn- 
neef, 1981; Bergen, 1982) have aided us a great 
deal in identifying tiny anatomic structures in our 
high-resolution CT scans.
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Chapter 7

CLINICAL APPLICATIONS IN THE ORBIT

“We have a responsibility not only to get the best results 
in a given case but also to advance the field, and this 
requires continuing research”.

Juan M. Taveras, M. D.*

To illustrate the clinical value of the CT imaging 
techniques that have been described in the previ
ous chapter we have selected two topics that 
require a high-resolution direct multiplanar ap
proach. The first is: “the assessment of space- 
occupying lesions related to the optic nerve.” It 
involves the detection and characterization of the 
interface between the lesion and the nerve tissue 
of the optic nerve and the assessment of an 
aberrant course of the optic nerve. The combined 
use of high-resolution and direct multiplanar CT 
provides optimal information on the interface by 
scanning it perpendicularly, and on the course of 
the optic nerve by rendering a longitudinal vis
ualization of the optic nerve in the plane of its 
displacement.

This is also the case in the second topic: “the 
value of sagittal CT in the management of pa
tients with fractures of the orbital floor”. Here, 
the CT technique gives information on the type 
and size of the defect and on the presence and 
extent of scar tissue adhesions, the visualization 
of which is vital for proper management of these 
patients.

7.1 Direct multiplanar CT in the assess
ment of space-occupying lesions 
related to the optic nerve

7.1.1 Introduction. CT has been used in the

assessment of space-occupying lesions of the orbit 
for at least fourteen years (Baker et ah, 1974; 
Gawler et ah, 1974; Lloyd, 1979; Berges et ah, 
1984; Berges and Vignaud, 1985; Forbes, 1985) 
with a special emphasis on late-generation CT in 
cases of optic nerve involvement (Dubois et ah, 
1979; Forbes et ah, 1982; Swenson et ah, 1982) 
allowing for the discrimination between neoplas
tic (glioma, optic nerve sheath meningioma) and 
non-neoplastic (pseudotumor, optic neuritis. 
Graves’ ophthalmopathy) lesions (Peyster et ah, 
1983). In this paragraph we will describe the 
additional value of performing scans in the sagit
tal plane parallel to the optic nerve in combina
tion with direct transverse and/or coronal scans.

7.1.2 Visualization of the interface between 
lesions and the nerve tissue of the optic nerve. In
patients with space-occupying lesions related to 
the optic nerve it is essential to discriminate be
tween lesions involving the nerve tissue of the 
optic nerve itself (first category), the optic nerve 
sheath (second category) and lesions originating 
from outside the optic nerve sheath but displacing 
or incarcerating the optic nerve (third category).

In the first category of lesions the optic nerve is 
usually thickened (Swenson et ah, 1982; 
Staubach, 1984). The majority of these cases are 
optic nerve gliomas (Rush et ah, 1982). Fig. 7-1 
shows a case of an optic nerve glioma. The optic

* In: TAVERAS, J. M.: International neuroradiology symposium on preoperative embolization. AJNR, 7 (1986) 926.
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Fig. 7-1. Optic nerve glioma (astrocytoma). The tumor cannot be discriminated from the optic nerve and demonstrates 
calcifications (arrows). It even compresses the globe (arrowheads). After neurosurgery the final diagnosis was made 
histologically.
a. Transverse plane, b. Coronal plane, c. Sagittal plane.

nerve is significantly enlarged and contains a cal
cification.

The second category is mainly formed by optic 
nerve sheath meningiomas (Wright et al., 1980;

Fig. 7-2. Optic nerve sheath meningioma. CT demon
strates a thickened optic nerve with an enhancing sheath.
a. Standard scan.
b. Contrast-enhanced scan.

Daniels et al., 1982; Swenson et al., 1982; Sam
ples et al., 1983). In cases of optic nerve sheath 
meningioma it is important that this be recog
nized at an early stage (when the optic nerve is not 
yet invaded) as there is a surgical possibility to 
cleave the meningioma and decompress the optic 
nerve without damaging it, and thus postpone the 
advent of progressive vision decrease. It has been 
advocated that intravenous contrast enhance
ment should be used in orbital space-occupying 
lesions (Tubman, 1980). We found this technique 
very useful in discriminating the meningioma 
from the optic nerve tissue. In three cases [Figs. 7- 
2, 7-3, 7-4] we shall demonstrate this staging 
process. Fig. 7-2 shows an early case with a very 
thin layer of enhancement. This patient does not 
yet need any treatment but the growth of the 
meningioma must be followed. Fig. 7-3 shows a 
more advanced case. The contrast enhancement 
shows that the nerve tissue of the optic nerve is 
compressed but not yet or only marginally 
affected. This patient, therefore, is a typical can
didate for the cleavage operation. Fig. 7-4 shows 
an advanced case. The complete cross section of 
the optic nerve is now invaded by the tumor.

It is also possible that the optic nerve is affected 
by an intra-cranial meningioma as there is a con-
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Fig. 7-3. Optic nerve sheath meningioma. CT demon
strates a bulging thick lesion compressing the nerve tissue of 
the optic nerve.
a. Standard scan.
b. Contrast-enhanced scan.

Fig. 7-4. Meningioma of the optic nerve sheath with in
volvement of the complete cross-sectional area of the optic 
nerve.
a. Standard scan showing a thickened and sinuous optic 

nerve.
b. Contrast-enhanced scan showing tumor obliteration of 

the middle and posterior sections of the optic nerve.

tinuity of the dura and the subarachnoid space 
(Trobe et ah, 1978). Fig. 7-5 shows a meningioma 
of the sphenoid with significant intra-cranial in
volvement [Fig. 7-5a] and bony changes in the 
sphenoid and clivus [Fig. 7-5c], The affected optic 
nerve is slightly thickened and has irregular con
tours [Fig. 7-5ab], The nerve tissue of the optic 
nerve has a normal appearance whereas the sub
arachnoid space seems to be widened [Fig. 7-5b],

In the third category, with lesions external to 
the optic nerve, it is possible that the lesion 
incarcerates the optic nerve without displacing it, 
or it is possible that there is a significant displace
ment of the optic nerve.

Incarceration of the optic nerve without dis
placing it often appears to occur in cases of 
Graves’ ophthalmopathy. This usually coincides 
with stretching of the optic nerve as a result of the 
exophthalmos [Fig. 7-7], The relationship be
tween the enlarged extra-ocular muscles (muscle 
crowding) and the optic nerve can be best seen 
(transverse visualization) in the coronal plane 
[Fig. 7-6b]. The transverse [Fig. 7-6a] and sagittal 
[Fig. 7-7] planes provide a good longitudinal vis
ualization. Scanning perpendicular to the optic 
nerve gives improved visualization of the optic 
nerve in relation to the extraocular muscles [Fig.
6-10b]. Especially the scans that were made per
pendicular to the optic nerve still show that there 
is orbital fat surrounding the optic nerve [Fig. 6- 
10d]. This suggests that the decreased visual acui
ty in these patients is not caused by a local com
pression of the optic nerve by extraocular muscles 
in the orbital apex but by an overall increase of 
intraorbital pressure. That the decreased visual 
acuity is not caused by the stretching of the optic 
nerve is demonstrated by a patient who regained 
her vision after decompression surgery (decrease 
of intraorbital pressure by removal of the medial 
and lateral walls and floor of the orbit) although 
the stretching of the optic nerve was still present 
immediately after surgery [Fig. 7-7]. Another 
example of transmission of pressure by intraorbi
tal fat with its system of connective tissue septa is 
shown in Fig. 7-14 where the optic nerve is indi
rectly displaced by hyperostotic bone thickening 
via the lateral rectus muscle and the retrobulbar 
fat.
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Fig. 7-5. Meningioma of the sphenoid involving the optic
chiasm.
a. Transverse scan showing the area of primary involve

ment.
b. Sagittal scan showing tumor in the sella, sphenoidal 

sinus and between the clivus and the basilar artery. The 
optic nerve is slightly thickened and has an irregular 
appearance.

c. Sagittal scan with bone window showing the involvement 
of the sphenoid bone and clivus.

a. b.

Fig. 7-6. Gaves’ ophthalmopathy.
a. Transverse scan showing the lateral displacement of the 

optic nerve by the thickened medial rectus muscle.
b. Coronal scan showing the thickened muscles in the 

orbital apex.

Fig. 7-7. Graves’ ophthalmopathy. These sagittal scans 
show the exophthalmos which stretches the optic nerve.
a. Preoperative scan.
b. Scan after decompression surgery. Note that the exoph

thalmos has not been reduced although the patient re
gained her vision.
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It is also possible that a space-occupying lesion 
surrounds the optic nerve without displacing it. 
This is often the case with tumors that replace the 
retrobulbar orbital fat. When intravenous con
trast medium is applied, it is possible to see the 
optic nerve as a dark band inside the tumor [Fig.
7-8a]. This is best seen with longitudinal visualiza
tion of the optic nerve (transverse and sagittal 
planes). When the coronal scans are studied, it is 
often difficult to see the optic nerve due to its 
small cross-sectional area [Fig. 7-8b] and some
times the interface between the nerve tissue of the 
optic nerve and the dura with the surrounding 
tumor is clearly seen when the scan is taken just 
posterior to the globe, as the subarachnoid space 
is often well visualized at that location [Figs. 7-8c 
and 6-29a]. In other cases the optic nerve is 
marked by a perineural enhancement which has 
been recently referred to as the ‘tram-track’-sign 
(Peyster et ah, 1983; Johns et al., 1984). This 
means that the area immediately surrounding the 
nerve tissue of the optic nerve contrasts both with 
the tumor as well as with the nerve tissue of the 
optic nerve itself [Fig. 7-9]. This effect, however, 
is nonspecific (Johns et al., 1984). There is also a 
possibility to induce the ‘tram-track’-phenome-

Fig. 7-9. Tram-track’ type of perineural enhancement in an 
optic nerve surrounded by tumor.
a. Transverse scan.
b. Sagittal scan.

non by administering the contrast medium in- 
trathecally. When the contrast has reached the 
chiasmatic cistern the patient is placed in a prone 
position facing downward for the transverse scan

Fig. 7-8. Contrast enhancing meningioma without displacement of the optic nerve.
a. Sagittal scan showing the optic nerve as a dark band inside the tumor mass.
b. Coronal scan in the middle of the tumor mass. It is difficult to see the optic nerve.
c. Coronal scan just posterior to the globe marking the optic nerve by its subarachnoid space.
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Fig. 7-10. Tram-track’ type of subarachnoid space en
hancement by intrathecally administered contrast medium 
and prone patient position, 
ab. Transverse scan, 
cd. Coronal scan.

Fig. 7-11. Case of neurofibromatosis with an extraconal 
mass without displacement of the optic nerve. Note the 
enlarged infraorbital canal.
a. Coronal scan.
b. Sagittal scan.

and with extended head for the coronal scan [Fig.
7-10],

In some cases it seems that the tumor is too 
remote from the optic nerve to displace it. This 
may happen in cases of non-localized extraconal 
tumors [Fig. 7-11]. Displacement of the optic 
nerve can occur when localized lesions take up 
too much space and when they are not liable to 
grow around the optic nerve. Medial and lateral 
displacement can be seen on transverse scans. 
Figs. 7-12 and 7-13 show lateral displacement in 
cases of meningioma and pseudotumor respec
tively. In both cases, however, the optic nerve 
could only be visualized after intravenous con
trast administration. Fig. 7-14 shows two cases of 
hyperostotic meningioma with medial displace
ment of the optic nerve.

Vertical displacement of the optic nerve can be 
best assessed by means of direct sagittal scans. 
Figs. 7-15 and 7-16 show cases of a cavernous 
hemangioma (Davis et al., 1980; Ruchman and 
Flanagan, 1983; Savoiardo et al., 1983) with up
ward and downward displacement of the optic 
nerve respectively.

Displacement of the optic nerve does not strict
ly mean displacement to one side. It can also

„iSäffflaiÜk b
Fig. 7-12. Lateral dispiacement of the optic nerve in a case 
of meningioma (arrow heads).
a. Standard transverse scan.
b. Contrast-enhanced scan.
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Fig. 7-13. Lateral displacement of the optic nerve in a case 
of pseudotumor.
a. Standard transverse scan.
b. Contrast-enhanced scan. Note the sclera enhancement.

Fig. 7-14. Two cases of meningioma with hyperostosis 
causing medial displacement of the optic nerve with preser
vation of the fat plane lateral to it.

Fig. 7-15. Case of a large retrobulbar cavernous hemangio
ma causing upward displacement of the optic nerve.
a. Coronal scan.
b. Sagittal scan. (From: Zonneveld and Koornneef, 1986).

Fig. 7-16. Case of a large retrobulbar cavernous hemangio
ma causing downward displacement of the optic nerve.
a. Coronal scan.
b. Sagittal scan. (From: Zonneveld and Koornneef, 1986).
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mean a change in the course of the nerve due to 
posterior displacement of the globe such as in a 
case of neurofibromatosis with severe involve
ment of the eye lids [Fig. 7-17], The subsequent 
enophthalmos causes sinuosity of the optic nerve.

7.1.3 Discussion. In patients suspected of space- 
occupying lesions of the orbit, the procedure has

Fig. 7-17. Case of neurofibromatosis involving the eye lids 
and causing enophthalmos and sinuosity of the optic nerve. 
Note the enlarged infraorbital foramen.

■ jSkt 'sa
Fig. 7-18. Bilateral Drusen bodies of the optic disc (arrows). 
This was an accidental finding in normal CT cisternography.

always been to scan them first in the transverse 
plane. Although a 3 mm slice thickness is generally 
used in this kind of case, we found a 1.5 mm slice 
thickness very effective in avoiding partial vol
ume averaging in the region of the optic nerve. At 
the same time it is of paramount importance that 
the scans are made parallel to the optic nerve to 
allow for its longitudinal visualization. The con
trast-enhanced scans have thus been able to dem
onstrate in great detail the extent of optic nerve 
sheath meningiomas, and have also been able to 
show other small details such as calcifications and 
Drusen bodies [Fig. 7-18] (Turner et al., 1983; 
Von Irnberger, 1984).When displacement of the 
optic nerve in a vertical direction was evident, or 
when the lesion was in an extraconal location 
adjacent to the orbital roof or floor also a sagittal 
scan was performed. Knowledge about the size 
and location of a tumor (cavernous hemangioma) 
and the direction of optic nerve displacement can 
be helpful in planning of the surgical approach 
(above or under the lateral rectus muscle) for 
removal of the tumor. In addition, it can also 
show the relationship between the tumor and the 
superior rectus and levator muscles or inferior 
rectus muscle, thus explaining possible motility 
impairment or ptosis. Comparison of the images 
in this paragraph with the reformatted images in 
Fig. 6-40 shows that the optic nerve could not be 
separated from the tumor on sagittally reformat
ted images based on 3 mm spaced transverse scans 
(interpolation-induced blurring), and it is doubt
ful whether the optic nerve could be visualized if 
the transverse scans had been made consecutively 
(1.5 mm spacing). In conclusion, direct multipla- 
nar high-resolution CT of the orbit has been 
extremely useful in the assessment of space- 
occupying orbital lesions and their relation to the 
optic nerve.

7.2 The value of sagittal CT in manage
ment of patients with fractures of the 
orbital floor

7.2.1 Introduction. Fractures of the orbit can 
involve different walls as well as the supra and 
infraorbital rims. In our experience, coronal and 
sagittal scans are very helpful in evaluating frac
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tures of both the roof and the floor. Although 
fractures of the roof are not uncommon (Curtin et 
al., 1982; McLachlan et al., 1982), we have cho
sen to limit ourselves in this paragraph to the 
fractures of the orbital floor which are most com
mon [Fig. 7-21].

If the fracture of the floor has left the infraorbi
tal rim intact and is caused by a sudden increase of 
intraorbital pressure it is termed a ‘blow-out’ or 
hydraulic fracture (Converse and Smith, 1957; 
Smith and Regan, 1957). According to these au
thors, the fracture concurs with entrapment of 
one or more orbital soft tissue structures (orbital 
fat, inferior rectus and/or inferior oblique mus
cles, or the orbital fibrous septa connecting the 
prolapsed structures) thus limiting vertical ocular 
motility, and causing diplopia and enophthalmos 
(Converse and Smith, 1978). In order not to 
contribute to the confusion surrounding to the 
term ‘blow-out’ fracture we will use it in the sense 
of an isolated fracture of the orbital floor without 
involvement of the infraorbital rim.

In the pre-CT era the diagnosis of blow-out 
fractures was mainly made on the basis of clinical 
signs and radiographic examinations that pro
vided little or no soft tissue information such as 
Caldwell’s, Water’s, lateral, optic canal, basal 
and some special views, stereoscopic X-ray 
technique, orbitography and polytomography 
(Hotte, 1970). Whether the patient should be 
operated or not (Dulley and Fells, 1974) and

whether surgery should be performed immediate
ly after the trauma or after a number of weeks 
(Converse et al., 1967) remained a matter of 
serious controversy in the 1960s and 1970s 
(Koornneef, 1982).

This was due to a lack of knowledge about what 
was really happening in and around the fracture 
site, and the lack of an imaging device to demon
strate this for each individual patient. After 
Koornneef had studied the connective tissue sys
tem of the orbit (Koornneef, 1977) [Fig. 7-19] it 
became apparent that the connective tissue septa 
could be involved in normal motion of the eye 
(Koornneef, 1979). Disturbing such a complex 
system by edema, enophthalmos or scar tissue 
formation could explain the posttraumatic eye 
motility impairment that is encountered. How 
direct multiplanar high-resolution CT became the 
imaging tool to demonstrate these effects and 
how it became a perfect tool to guide the patient’s 
treatment will be described in the following para
graphs. As MRI is still in a developing phase 
(McArdle et al., 1986) we have decided not to 
make a comparison with this imaging modality at 
this stage.
It is, however, obvious that MRI of the orbit is 
rapidly making progress (Bilaniuk et al., 1987).

7.2.2 Direct multiplanar high-resolution CT of 
orbital trauma. Early on in the radiological 
assessment of blow-out fractures of the orbital

Fig. 7-19. Histological section of 5 |xm thickness showing the connective tissue system in the orbit. The section represents 
the coronal plane and is made after dehydration, decalcification and embedding in polycarbonate.The staining is of the methyl 
blue type [Par. 3.3.4],
a. Overall view of the superior half of the orbit.
b. Enlargement showing the connective tissue septa with the interstitial fat cells.

171



Chapter 7

floor there was a consensus on the fact that pro
jection radiography should be performed in a 
direction parallel to the orbital floor, either from 
the front with a Caldwell’s or Water’s view (Pfeif
fer, 1943) or obliquely from the side (Laurin and 
Johansen, 1982) and that tomography should be 
performed in a plane perpendicular to the orbital 
floor either in the coronal plane (Calmettes et al., 
1955; Haverling, 1972) or in the sagittal plane 
(Gould and Titus, 1966).

After the introduction of body CT coronal 
scans were advocated, with a ‘special’ slice col
limator of 6 mm (Grove et ah, 1978; Grove, 
1979). At that time coronal polytomography was 
still considered to be superior to CT (Kreipke et 
al., 1984) but with the introduction of high-resol- 
ution thin-section CT Kreipke had to withdraw 
this statement (Jahnke, 1984). Sagittal scans were 
only performed in cadaver studies and in patients 
considered to be only examinable by computer 
reformations (Hammerschlag et al., 1982a). At 
this moment in time eye motility impairment was 
mainly treated by placing a plastic plate above the 
orbital floor. But this method was only partially a 
success and the failures were not understood. We 
knew, however, that CT could provide the soft 
tissue information and we knew that direct sagit
tal scans were potentially possible.

So we started to apply our direct sagittal high- 
resolution CT technique of the orbit in 1982 
(Zonneveld and Koornneef, 1986). Since 1982 we 
have performed 111 CT examinations (up to the 
end of 1986) of patients with orbital trauma. 
When we exclude special and repeat examina
tions and those patients where the trauma had an 
iatrogenic cause or was caused by a foreign body 
(gunshot or windshield accident) this leaves us 
with 81 patients where we were able to study the 
fracture morphology and 68 patients where we 
were able to study the ocular motility. Of these 
patients 28 had pure blow-out fractures [Fig. 7- 
20], 7 had floor fractures combined with zygoma
tic or lateral wall fractures, 8 had floor fractures

Corpus
alienunn

Repeat
examinations

Iatrogenic 
cause ot 
trauma

Special
examinations
(3-D)

Patients with 
infraorbital 
rim fractures

Patients with zygo
matic or medial 
wall fractures

Patients without 
fractures of 
the floor

Orbital trauma 
CT examinations 
1982-1986
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and binocular vision
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with orbital 
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Patients suitable 
for study of 
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Patients with oculo
motor or abducens 
nerve paralysis

Patients
requiring
enucleation

Patients with 
an amblyopic 
eye

combined with medial wall fractures and 23 pa
tients had floor fractures involving the infraorbi
tal rim and usually also other fractures [Fig. 7-21]. 
This demonstrates that when the infraorbital rim

Fig. 7-20. Flowchart showing the breakdown of all high- 
resolution CT examinations of orbital trauma patients that 
have been examined from 1982 up to and including 1986. 
(See also Fig. 7-21).

is involved it is a matter of complex trauma, quite 
different from a blow-out fracture.
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infraorbital rim

supraorbital rim orbital roof

medial
wallzygoma/x 

lateral wall

1—orbital floor

Fig. 7-21. Diagram showing the combinations of fractures
that were encountered in 72 patients with orbital trauma. We 
have included fractures of the floor, zygoma and/or lateral 
wall, medial wall, roof, supraorbital rim and infraorbital rim. 
Each circle belongs to a certain type of fracture. Each 
number therefore applies to all the types of fractures within 
the circles of which it is placed.

Fig. 7-22. Blow-out fracture of the left orbital floor com
bined with a severe medial wall fracture.
a. Coronal scan.
b. Transverse scan.

In the CT examination of orbital trauma we made 
use of a special protocol, starting out with a tilted 
frontal scanogram similar to a radiograph accord
ing to Water or Mahoney [Fig. 6-3b].

This is then followed by a series of coronal 
scans, accurately positioned to avoid dental filling 
artifacts [Fig. 6-11]. These scans inform us about 
the four orbital walls. When a medial wall frac
ture was present, a transverse scan was made to 
document the longitudinal shape and extent of it 
[Fig. 7-22] and when a floor fracture was present, 
some sagittal scans were made to document the 
shape and extent of the fracture and the relation
ship between the inferior rectus muscle and the 
orbital floor with respect to presence and position 
of adhesions [Fig. 7-23], Sagittal scans are also 
applied to study fractures of the supraorbital rim 
[Fig. 7-24] and the infraorbital rim [Fig. 7-25],

7.2.3 CT morphology of fractures of the orbital 
floor. We will first focus on the pure blow-out 
fractures. On coronal scans the smallest ones only 
show a discontinuity of the orbital floor usually 
just medial to the infraorbital groove, which is in 
accordance with the findings of Jones and Evans 
(1967). This fracture can be interpreted as a single

Fig. 7-23. Blow-out fracture of the left orbital floor showing 
an adhesion between the inferior rectus muscle and the 
fracture site of the floor (arrow).
a. Coronal scan.
b. Sagittal scan. (From Zonneveld and Koornneef, 1986)
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Fig. 7-24. Sagittal scan showing a fracture of the supraorbi
tal rim with downward displacement of the globe.

sagittal dehiscence medial and parallel to the 
infraorbital groove, and can therefore be termed 
a ‘sagittal’ fracture. The gap is so small that it 
allows for little or no orbital tissue herniation 
[Fig. 7-26]. It is possible, however, that scar tissue 
adhesions occur between the inferior rectus mus-

Fig. 7-26. Minor blow-out fracture of the left orbital floor 
without affecting the inferior rectus muscle.
a. Coronal scan.
b. Sagittal scan.

Fig. 7-25. Sagittal scan showing a fracture of the infraorbi
tal rim with involvement of the orbital floor.

cle and the orbital floor [Fig. 7-27], As this scar 
tissue cannot be discriminated from the muscle 
itself, it mimics entrapment or incarceration of 
the muscle [Fig. 7-28]. This is a description that is 
still frequently used (Gilbard et al., 1985). Frac
tures that are slightly larger in size require a

Fig. 7-27. Minor blow-out fracture of the left orbital floor 
with severe adhesions of the inferior rectus muscle (arrow
heads).
a. Coronal scan. b. Sagittal scan.

174



Chapter 7

Fig. 7-28. Adhesions associated with blow-out fracture of Fig. 7-29. Medium size blow-out fracture of the left orbital 
the left orbital floor mimicking entrapment of the inferior floor with dehiscence at the anterior margin of the thin part of 
rectus muscle (white arrow). the floor (arrow).

a. Coronal scan. b. Sagittal scan.

fracture line more or less perpendicular to the 
infraorbital groove (cross-wise fracture). This can 
occur anteriorly [Fig. 7-29], posteriorly [Fig. 7-30] 
or at both sides simultaneously [Fig. 7-3f], The 
anterior position of this cross-wise fracture is 
associated with a line of weakness where the

orbital floor and the infraorbital rim join each 
other. The posterior cross-wise fracture is associ
ated with a line of weakness where the orbital 
floor and the posterior wall of the maxillary sinus 
join each other. The combination of the sagittal 
fracture with one or two cross-wise fractures is

Fig. 7-30. Medium size blow-out fracture of the left orbital 
floor with dehiscence at the posterior margin of the thin part 
of the floor.
a. Coronal scan. b. Sagittal scan.

Fig. 7-31. ‘Hinge’ type of blow-out fracture of the left orbital 
floor with herniation orbital fat without involvement of the 
inferior rectus.
a. Coronal scan. b. Sagittal scan.
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associated with a bony plate of the orbital floor 
that has broken away from it but is still connected 
on one side. It can therefore be termed a ‘hinge’ 
fracture. This type of fracture can also occur in 
the orbital apex. The fracture opens up along the 
inferior orbital fissure in that case and hinges 
downward [Fig. 7-32].

The next step in fracture size is a fracture with 
complete displacement of a bony plate of the 
orbital floor. It is possible that this bony fragment 
is still connected to the periorbita and has only 
been displaced [Fig. 7-33]. It is, however, also 
possible that the bony fragment(s) are detached 
from the periorbita altogether. This type of frac
ture can also occur in combination with scar tissue 
adhesion between the inferior rectus muscle and 
the remaining periorbita of the orbital floor [Fig. 
7-34],

7.2.4 CT of orbital floor fractures and the assess
ment of ocular motility impairment. Fractures of 
the orbital floor are frequently associated with 
ocular motility impairment. This can be quan
tified by means of Maddox schemes and the deter
mination of the field of binocular single vision 
(Koornneef and Zonneveld, 1985).

Fig. 7-32. ‘Hinge’type of blow-out fracture of the left orbital 
floor in the orbital apex; unaffected by the floor reconstruc
tion.
a. Coronal scan. b. Sagittal scan.

The first cause of motility impairment is post- 
traumatic hemorrhage and edema. For. this 
reason the CT examinations are performed at 
least 14 days after the date of trauma.

Fig. 7-33. Large blow-out fracture of the left orbital floor. 
The fragments are displaced (arrows) but still connected to 
the periorbita.
a. Coronal scan. b. Sagittal scan.

Fig. 7-34. Large fracture of the left orbital floor with de
tached bone fragments and adhesions (arrows). Note the 
severe enophthalmos. 
a. Coronal scan. b. Sagittal scan.
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The next cause of motility impairment is 
enophthalmos due to the fact that the extraocular 
muscles are relatively too long for the distance to 
the globe. Therefore the next step in the manage
ment of the patient is to perform an enophthal
mos correction. Small fractures such as the ‘sagit
tal’ fracture type described above do not produce 
enophthalmos (Manson et ah, 1986a) and can be 
treated conservatively apart from performing 
monocular eye exercises to prevent adhesion for
mation such as shown in Fig. 7-27. When this type 
of patient is operated on anyway (placement of a 
plastic plate above the orbital floor) this can result 
in unnecessary complications when scar tissue 
forms around this plate [Fig. 7-35].

Scar tissue formation is the third and most 
important cause of motility impairment. An ex
treme example of complication after enophthal
mos correction is given in Fig. 7-36. This case has 
an iatrogenic cause of the orbital floor fracture 
(failed Caldwell-Luc approach resulting in dis
placement of the eye into the maxillary sinus) 
which was corrected for by means of an oversized 
silicone implant. This resulted in a correct posi
tion of the eye but a poor eye motility due to the 
fact that, as time passed, the complete inferior

Fig. 7-35. A plastic plate inserted for enophthalmos correc
tion is surrounded by adhesions causing motility impairment. 
This surgery was unnecessary, 
a. Coronal scan. b. Sagittal scan.

rectus muscle became attached to the implant by 
adhesions. The implant had to be removed and 
the floor had to be reconstructed with autograft 
bone.

a.

Fig. 7-36. Large silicone implant for enophthalmos correc
tion is connected to the inferior rectus muscle by adhesions 
over its entire length, 
a. Coronal scan. b. Sagittal scan.

Fig. 7-37. Migration of an undersized enophthalmos 
correction plate in connection with adhesion formation pos
terior to it.
a. Coronal scan. b. Sagittal scan.
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The larger (hinge) fractures with displacement 
of a part of the orbital floor produce enophthal- 
mos, and the correction is done with a teflon plate 
for the medium size fractures and a reconstruc

tion with autograft bone in the case of the large 
fractures. The size of the fractures can be esti
mated on the basis of the CT scan. The fact that 
the CT scans are not routinely reproduced in full-

Fig. 7-38. This enophthalmos correction plate covers only the part of the orbital floor directly underneath the globe (a,b,e,f) 
leaving the herniation of fat in the orbital apex unaffected (c,d). In addition to this, there is an adhesion between the plate and 
the inferior oblique muscle (a,e). 
a-d. Coronal scans, e-f. Sagittal scans.

Fig. 7-39. Unsuccessful (a) and successful (b) enophthal- Fig. 7-40. Successful enophthalmos correction (b) by
mos correction by means of plates in the same patient. means of autograft bone taken from the iliac bone.

a. Preoperative scan. b. Postoperative scan.
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size format often causes the surgeon to underesti
mate the fracture size, resulting in a plate that is 
too small [Fig. 7-39a] or one that has a wrong 
position [Fig. 7-37]. Migration of a plate can be

Fig. 7-41. Adhesions in the region of the inferior oblique 
muscle (arrow) after a zygoma reposition with a fixation to the 
infraorbital rim (arrowhead).

Fig. 7-42. Adhesions in the region of the inferior oblique 
muscle (arrows) after a fracture (amongst others) of the infra
orbital rim.
a. Coronal scan. b. Sagittal scan.

prevented by fixing it to the infraorbital rim by 
means of two osteosynthesis wires. A general 
problem with both plates [Fig. 7-38] and bone 
reconstructions [Fig. 7-32] is that it is difficult to 
reach the orbital apex.

When performing enophthalmos corrections, it 
has proven to be extremely advantageous to leave 
hyaluronic acid behind in the operative field to 
prevent new formation of scar tissue (Koornneef 
and Zonneveld, f987). An example of a success
ful enophthalmos correction by means of a plate is 
shown in Fig. 7-39b. Note the disappearance of 
the superior sulcus [Fig. 7-39a], A successful orbi
tal floor reconstruction by means of autograft 
bone is shown in Fig. 7-40. These cases demon
strate the value of direct sagittal CT in the follow
up of surgical treatment.

Scar tissue can attach the extraocular muscles 
to the globe, to the floor or to an implant and can 
cause motility impairment in all these cases. We 
have encountered such adhesions between the 
inferior rectus muscles and the orbital floor [Figs. 
7-23, 7-27, 7-28 and 7-34] and between the in
ferior rectus muscle and an implant [Figs. 7-35 
and 7-36]. Adhesions can, however, also occur in 
the region just inferior to the globe at the level of 
the aponeurosis of the inferior rectus muscle. In 
this case the inferior oblique muscle is involved 
and becomes attached to the globe and to the 
inferior rectus muscle and possibly also to the 
infraorbital rim. This may happen after a simple 
zygoma reposition and fixation to the infraorbital 
rim [Fig. 7-41] or in the case of a fracture of the 
infraorbital rim itself [Fig. 7-42]. Adhesions of the 
inferior oblique muscle and retrobulbar part of 
the inferior rectus muscle can, however, also 
occur in combination [Fig. 7-43].

When adhesions are minor, surgery is not 
necessary. This can explain the improvement of 
nontreated patients between one and six months 
after trauma (Putterman et al., 1974). If diplopia 
remains in extreme positions of gaze this can be 
corrected for by means of squint surgery on the 
unaffected eye. Other clinical tools to separate 
the minor from the major adhesion cases are the 
cover test and the forced duction test. If diplopia 
persists in the functional gaze positions the adhe
sions can be dissected. This is based on a new 
surgical technique using micro-surgery. The scar
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tissue is removed under optimum conditions 
(hemostasis, hypotension) and regrowth of scar 
tissue is prevented by leaving hyaluronic acid 
behind in the operative field in combination with

a regimen of monocular eye exercises (Koornneef 
and Zonneveld, 1987). The role of CT in this case 
is that it has shown the extent of the adhesions 
prior to surgery.

Fig. 7-43. Autograft bone reconstruction of the left orbital 
floor with adhesion formation in the area of inferior oblique 
and rectus muscles (arrowheads), 
a. Coronal scan. b. Sagittal scan.

Fig. 7-44. Medium size blow-out fracture of the left orbital 
floor without adhesions but with motility impairment caused 
by oculomotor nerve palsy (From: Zonneveld and Koornneef, 
1986).

Fig. 7-45. Combined fractures of the orbital floor (white 
arrow), the zygoma and the lateral wall (arrowheads), 
a. Coronal scan. b. Sagittal scan.

Fig. 7-46. Combined fractures of orbital floor (arrows) and 
medial wall (white arrow), zygoma (arrowheads) and infraor
bital rim (open arrow), 
a. Coronal scan. b. Sagittal scan.
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The fourth cause of motility impairment is a 
palsy of the oculomotor nerve (or abducens 
nerve). This is the only remaining possibility if the 
fracture is not fresh and the patient has no enoph- 
thalmos or adhesions while the motility impair
ment persists [Fig. 7-44]. In this case the patient is 
put on a monocular eye exercise regimen and is 
treated conservatively. This is another explana
tion for the improvement of nontreated patients 
between one and six months after trauma (Putter- 
man et al., 1974).

Finally we would like to show a few examples of 
combined orbital fractures that are relatively 
common [Fig. 7-21].

The first combination is that of orbital floor and 
zygoma. This group of 7 patients accounted for 
9.2% of all orbital trauma cases [Fig. 7-45],

The second combination is that of orbital floor 
and medial wall. This group of 8 patients 
accounted for 10.5% of all orbital trauma cases 
[Fig. 7-22],

The third combination is that of orbital floor, 
zygoma, medial wall and infraorbital rim. This 
group of 8 patients accounted for 10.5% of all 
orbital trauma cases and 34.8% of all floor frac

Fig. 7-47. Combined fractures of the orbital floor (white 
arrows), medial wall (arrowheads) and infraorbital rim (open 
arrow).
a. Coronal scan. b. Sagittal scan.

tures involving the infraorbital rim [Fig. 7-46].
The fourth combination is that of orbital floor, 

medial wall and infraorbital rim. This group of 4 
patients accounted for 5.3% of all orbital trauma 
cases and 17.4% of all floor fractures involving 
the infraorbital rim [Fig. 7-47].

Altogether there were 68 fractures of the floor 
(89.5% of the total number of trauma cases) 28 of 
which were pure blow-out fractures and 23 of 
which involved the infraorbital rim.

In a few cases of severe trauma the direct 
multiplanar CT scans were extremely helpful 
(Noyek et al., 1982) but we felt a need for more 
information. In these instances we have made an 
additional examination in the transverse direction 
with consecutive 1.5 mm scans and reduced tube 
output for a lower skin dose (about 40 mGy). On 
the basis of these scans 3-D reconstructions were 
performed using an experimental software pack
age (Lobregt and Kleine Schaars, 1987). The 
patient could be viewed from any direction [Fig. 
7-48] or internal views of the orbit could be recon
structed by making horizontal or vertical sections 
through the tissue volume prior to the 3-D recon
struction [Fig. 7-49], These 3-D reconstructions 
gave better overall information on the bony

Fig. 7-48. 3-D reconstruction showing multiple fractures 
and an old windshield trauma that left glass fragments be
hind (arrow). See Fig. 7-49 for details, 
a. Anterior view. b. Left anterior view.
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Fig. 7-49. 3-D reconstructions of a complicated case of orbital trauma. For internal viewing of the orbit, the 3-D image of the 
patient’s skull has been sectioned along the midsagittal plane (a,b) and the midtransverse plane (c,d).
a. Medial view showing a fracture of the nose (arrow) and a glass fragment in the eyelid (arrowhead). Imaging of the thin 

medial orbital wall is extremely difficult.
b. Lateral view showing the lateral wall fracture (arrows).
c. Superior view shows glass fragment in the eyelid (white arrow) and the fracture of the nose (arrowhead).
d. Inferior view shows absence of orbital floor (arrowheads) and medial wall fracture (white arrows).
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pathology while the multiplanar CT scans pro
vided excellent cross-sectional bony and soft 
tissue information [Fig. 7-42],

7.2.5 Discussion. The application of direct sagit
tal CT in the assessment of trauma of the orbital 
floor has been very successful. The only problem 
encountered were metal artifacts from dental fil
lings, molar crowns or other dental metal. Espe
cially in the case of fillings in premolars or crowns 
it was difficult to avoid the artifacts, even with the 
help of the additional foam wedge [Par. 6.2.3 and 
Fig. 6-12], In 62 of our 89 sagittal trauma exami
nations there were artifacts (70%); however only 
in one case were these so severe that the image 
became nondiagnostic. In order to cover a larger 
area of the orbital floor, the first sagittal scan was 
positioned at the level of the lateral canthus in
stead of the lateral margin of the iris. This was 
slightly less accurate in patients with an eye pros
thesis but overall it proved to be a successful 
method. It was generally no problem for the 
patients not to breathe, blink or swallow during 
the 9.6 s scan. Only elderly patients had problems 
in holding their breath and even then the images 
were still diagnostic.

High-resolution direct multiplanar CT proved 
to be very valuable in the visualization of the 
fractures themselves and the soft tissue problems 
associated with them. Small fractures could be 
visualized in cross section, especially when a 
bone window was used (window level at 300 H 
and window width at 3200 H). Large fractures 
could be visualized longitudinally such as medial 
wall fractures [Fig. 7-22b] or large fractures of the 
orbital floor [Fig. 7-31b and 7-34b], Transverse 
and coronal scans allowed for comparisons be
tween both orbits while transverse and sagittal 
scans provided additional detailed information on 
enophthalmos and the associated position of the 
extraocular muscles. Both coronal and sagittal 
scans proved to be extremely valuable in the 
assessment of scar tissue adhesions. Table 24 
summarizes the use of the different scan planes in 
relation to the different types of fractures.

As our patient population did not present with 
fractures of the optic canal, we took this data from 
the literature (Guyon et al., 1984; Unger, 1984). 
Table 24 shows that in general the patient need

TYPE OF SCAN PLANE
FRACTURE

TRANS
VERSE

CORONAL SAGITTAL

Orbital floor X X
Medial wall X X
Zygoma/ 
lat. wall

X X

Orbital roof X X
Infraorbital rim X
Supraorbital rim 
Nose X

X

Optic canal X X

Table 24. Relationship between preferred direct scan 
planes and the fracture type to be assessed.

not to be scanned in more than two planes, and in 
cases where a third plane is necessary for a more 
complicated combination of fractures, it requires 
only one or two scans instead of a complete series 
of scans.

Although it was possible to measure the size of 
the fractures, we have neither attempted to meas
ure or to estimate the volume of the prolapsed 
tissue which others have done (Hammerschlag et 
al., 1982b), nor have we measured the change in 
volume of the bony orbit (Manson et al., 1986b). 
We felt that it was not really relevant for the 
patient’s treatment as the enophthalmos dis
appears after reconstruction of the orbital floor. 
This is also in agreement with a volume study 
done by Bite et al. (1985) who came to the conclu
sion that the hypothesis that enophthalmos 
following trauma is caused by atrophy of periorbi
tal fat or loss of orbital soft tissues cannot be 
supported by their volume measurements. Sec
ondly, volume calculations could not in any case 
be performed accurately on the basis of direct 
multiplanar scans alone. The literature still does 
not present a simple answer for the measurement 
of intraorbital volumes, as some use special and 
sophisticated region growing software (Bite et al.,
1985). However, everyone agrees that the most 
accurate calculation must be based on a series of 
30 or 40 consecutive 1.5 mm scans (Bite et al., 
1985; Forbes et al., 1985) as we make them for
3-D reconstructions, but again we feel that this is 
too much of an effort for a simple volume calcula
tion which is not relevant for the treatment of the 
patient anyway.
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Based on our experience during the past five 
years we were able to design a management 
scheme for blow-out fractures of the orbital floor 
[Fig. 7-50], The first loop (F) shows the waiting 
time of about 14 days to allow hemorrhage and

Blow-out fracture

Edema or 
Hemorrhage

Fresh fracture?

no

Enophthalmos?

no I yes

Motility
impairment?

yes no

Adhesions?

yes no

Motility ir 
influence 
cover tes

npairment 
d by 
t?

yes t r no

V

Oculomotor 
nerve palsy

©—EH
©HU

1 Enophthalmos A
correction B

2 Conservative 
treatment

3 Monocular eye C
exercise D

4 Adhesion
dissection E

5 Squint surgery
on opposite eye F

Enophthalmos correction 
Minor fracture that does 
not require treatment.
End of treatment.
Oculomotor nerve palsy 
Diplopia correction by 
adhesion dissection 
Diplopia correction by squint 
surgery on opposite eye 
Fresh fracture

Fig. 7-50. Scheme for the management of blow-out frac
tures of the orbital floor. This scheme shows also that unsuc
cessful enophthalmos correction can be followed by adhe
sion dissection which, in turn, and when necessary can be 
followed by squint surgery.

edema to disappear. The second loop (A) allows 
for correction of enophthalmos. Those patients 
that have minimal fractures immediately end at 
B. Those with successful enophthalmos correc
tion do the same after a loop through A, and in 
the case of adhesion formation due to enophthal
mos correction they still get further treatment for 
their adhesions just as the other patients with 
motility impairment. If the CT scan fails to show 
adhesions the patient gets conservative treatment 
to let the oculomotor nerve palsy heal (C); when 
the adhesion is minimal, squint surgery is per
formed on the unaffected side (E) and if there is a 
significant adhesion it is removed surgically (D). 
There remains even a possibility to combine D 
and E when necessary. In all 68 patients with 
fractures of the orbital floor we never encoun
tered one with entrapment of the inferior rectus 
muscle. We therefore tend to consider this as a 
clinical interpretation rather than a distinct 
radiological finding.

In conclusion we may state that high-resolution 
direct multiplanar CT has proven to be a valuable 
tool in the diagnosis, evaluation and treatment of 
orbital trauma.
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GLOSSARY OF TERMS

algorithm Set of well-defined rules for solving a problem in 
a finite number of steps (e.g. image reconstruction), 

aperture Opening.
aperture (detector) Detector entrance window, 
aperture (patient) Opening in the gantry to admit the 

patient.
array Geometric arrangement of multiple elements (e.g. 

detectors, CT numbers).
artifact Errors in a reconstructed image that do not exist in 

the distribution of linear attenuation coefficients in the 
scanned object.

attenuation (X-ray) A decrease in the flux of a beam of 
radiation as a result of its interaction with the matter 
encountered (e.g. absorption, scatter), 

attenuation coefficient (linear) The percent change in flux 
devided by the change in distance as a beam of radia
tion traverses matter. Its value is determined by the type 
of matter traversed in combination with the energy of 
the radiation.

back projection Process of adding a single value to every 
element (pixel) along a line through the image (matrix). 
It is part of an image reconstruction process whereby the 
attenuation values (line integrals) are redistributed 
across the image along the same lines as they have been 
measured. Without the convolution process the 
backprojection yields a blurred image, 

beamhardening Process whereby the spectrum of energies 
present in an X-ray beam gradually looses more and 
more of the lower energies as they are more readily 
attenuated by the matter being traversed. As a result the 
mean energy that exits from the object is higher than 
that of the beam that enters the object. If this effect is 
not compensated for, it can produce artifacts, 

calibration Process of determining and compensating for 
the deviations from the ideal transfer function of the 
imaging device. In CT this means measurement of X-ray 
tube, detector and geometry characteristics and de
viations and compensating for them, including 
beamhardening in water-like substances, and in brain 
scans for the skull as well.

cathode ray tube Vacuum tube containing an electron gun 
and a phosphorescent screen. When electrons emitted 
from the electron gun strike the screen, the energy of the 
electrons is absorbed and light is emitted. In CT it is 
used as an electronic device to display an image or text, 

cine scanner CT scanner with a scan time in the order of 50 
msec, and therefore capable of repeating scans at a rate 
that is comparable to that of cine movies, used in 
particular for studies of the heart.

collimator Device for limiting the size of a radiation beam.
collimator (detector aperture) Collimator to limit the size 

of the detector entrance window width.
collimator (slice) Collimator used to vary the slice thick

ness.
computed tomography Measurement and reconstruction 

of a distribution of a physical parameter (linear attenua
tion coefficient) on the basis of a set of line integrals of 
this parameter. Being a tomographic technique it is 
restricted to a ‘slice’ of the object being examined 
(patient).

contrast-detail curve Representation in which the 
minimum contrast required to image a (disk-shaped) 
object detail is plotted versus the size of the object 
detail.

contrast resolution A quantitative measure of the ability of 
an imaging device to reproduce fine detail of relative 
low contrast (1% or less) in an object.

convolution Mathematical process in which two functions 
(convolution filter and profile of line integrals) are 
combined to form a third one (convolved profile). The 
process can be visualized by superimposing the filter on 
the profile, multiplying the corresponding elements of 
each function together and summing them up to form 
one element of the convolved profile. Then the filter is 
moved one step with respect to the profile and the 
process is continued until the convolved profile is com
pleted.

convolution filter The filter function used in the definition 
of ‘convolution’.

convolution kernel See ‘convolution filter'.
coronal plane A plane in the patient that is more or less 

parallel to the coronal suture. Also called ‘frontal’ 
plane.

CRT See ‘cathode ray tube’.
CT See ‘computed tomography’.
CT number Numerical representation of the effective 

linear attenuation coefficient within a pixel after conver
sion to the Hounsfield scale.

CT scanner Tomographic imaging device with an X-ray 
source that rotates around the patient to perform a set of 
transmission measurements on the basis of which a 
cross-sectional image is reconstructed by a computer.

CT scanner generation Type of scanner with a characteris
tic scanning geometry. The generation number is associ
ated with the order in which these scanner types have 
been introduced to the market.

curvilinear plane (MPR) Reformatted plane with a curva
ture around one of the major voxel axes. This type of
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MPR is most often used for coronal planes of the spine 
following its lordotic curvature. It has been incidently 
used for following and connecting both optic nerves 
through the optic chiasm.

cut-off frequency Spatial frequency where the amplitude 
of the convolution filter as defined in the frequency 
domain (especially the Ramp filter) returns to zero.This 
frequency is defined as being equal to twice the sampling 
frequency.

data acquisition Collection of all transmission measure
ment results during one scan, 

exposure time Duration of the radiation within one scan. 
For scanners with continuous radiation it is equivalent 
to the scan time. For systems with pulsed radiation it is 
the product of the pulse time and the number of views 
per scan.

field of view Size of the reconstructed image as measured 
in the patient.

focal spot Area on the anode of the X-ray tube from where 
the X-rays originate.

Fourier transform A mathematical transformation that 
converts the spatial representation of a signal or func
tion (e.g. profile, convolution filter, PSF) into the 
corresponding frequency representation, 

full width at half maximum Technique to determine the 
effective width of a distribution by taking the width of 
the distribution at the level half way the maximum 
height.

FWHM See ‘full width at half maximum’, 
gain A measure that relates the increase of the output sig

nal (e.g. detector output) to a given increase in the input 
signal (e.g. amount of radiation entering the detector in 
a given time).

gamma correction A digital intensity transformation per
formed on the gray level representation in a display 
system or multiformat camera to compensate for the 
non-linearities in the perceived display brightness or 
brightness of the film when shown on a light box. 

gas chamber detector Detector based on the ionization of a 
gas. For CT, use is generally made of pressurized xenon. 
It is the most common type of X-ray detector in third 
generation CT scanners. For a reference detector use 
can be made of non-pressurized gas (e.g. air), 

generation See ‘CT scanner generation', 
geometric enlargement Technique to change the scan 

geometry of a third generation CT scanner and the 
spatial resolution along with it by moving the yoke with 
X-ray tube and detector array along the line from the 
center of the focal spot to the isocenter. The yoke is 
fixed before scanning is resumed, 

heated object scale Range of display colors (white-yellow- 
orange-light red-dark red) with the advantage that the 
color change is consistent with the brightness impres
sion (as opposed to the rainbow scale). As a result it is a 
very useful scale to display the effects of shadow in a 
three-dimensional colored object, 

high-resolution CT CT technique with a spatial resolution 
better than 1 mm.

Hounsfield bars See ‘petrous bridging’.

FIounsField scale Linear scale of CT numbers defined by 
the value representing air being —1000 FI and the value 
representing water being 0 H.

hybrid scanner CT scanner that makes use of the geometry 
aspects of more than one CT scanner generation.

isocenter Point of intersection between the axis of scanner 
rotation and the scan plane.

line integral The integral (summation of values which are 
infinitesimally close to each other multiplied by the 
infinitesimal distance separating them) of a parameter 
(linear attenuation coefficient) of an object along a line 
(of a pencil beam).

luminance Light intensity per unit area.
MacroView reconstruction Image reconstruction tech

nique to improve the spatial resolution without chang
ing the scan geometry. It is based on reordering the line 
integrals from fan geometry into parallel geometry and 
then interweaving the two profiles that have been meas
ured in opposite directions. This results in half the 
number of profiles containing twice the number of line 
integrals each at half the original sampling increment 
which in turn results in smaller interpolation errors and 
therefore improved resolution.

mAs See ‘milliampere-second’.
matrix Two-dimensional array of numbers. In CT it is a 

square array that represents an image. It can also be a 
three-dimensional array of CT numbers used to perform 
a 3-D reconstruction.

matrix size Number of pixel rows or columns in an image 
matrix.

milliampere-second Product of the tube current and the 
exposure time. The radiation dose to the patient is 
directly proportional to the mAs-value of a scan.

modulation transfer function The frequency representa
tion (Fourier transform) of the point spread function 
that defines the relative frequency response of an imag
ing system. It can be interpreted as the system response 
(output modulation) to signals of a given range of spatial 
frequencies with 100% modulation.

MPR See ‘multiplanar reformatting’.
multiformat camera Camera to photograph images from 

an incorporated CRT with the capability to alter the 
number of images that can be distributed over the 
surface of one sheet of film.

multiplanar reformatting Postprocessing technique used 
to extract images of different planes from a stack of scan 
images by selectively combining lines of pixels from 
each scan image to form a new image in another plane. It 
includes interpolation and smoothing techniques to im
prove the image quality of the reformatted image.

noise Aspects of a signal that contain no information and 
tend to mask the useful information content of the 
signal. In CT it generally refers to the statistical noise in 
an image.

noise (‘frozen’) High amplitude noise fluctuations (rela
tive to the signal) in the detector signals after being 
‘frozen’ into the reconstructed image (in the direction of 
high attenuation).

noise (standard deviation) Mathematical expression to
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characterize the amplitude of the statistical variations of 
the CT numbers around the mean value. It is defined for 
a Gauss type of distribution in such a way that limits 
defined by the mean plus and minus the standard devia
tion will include 68.26% of the population of signal 
values. This is 95.44% and 99.74% respectively for 
limits at 2 and 3 times the standard deviation on both 
sides of the mean.

noise (statistical) Random signal fluctuations/variations, 
noise (structured) Noise with a specific pattern other than 

random signal variations.
nonlinearity Any deviation from a linear relationship be

tween parameters.
Nyquist frequency See ‘cut-off frequency’, 
offset Output signal in absence of an input signal (e.g. 

X-radiation).
orthogonal plane (MPR) Reformatted plane perpendicu

lar to the scan plane of the image stack and recon
structed in the direction of the pixel rows or pixel 
columns of the images in the stack, 

overflow Exceeding the maximum value of a limited 
number scale (e.g. range of possible CT numbers or 
attenuation values).

para-axial oblique plane (MPR) Reformatted plane in an 
oblique direction with the limitation that the obliquity is 
defined by a rotation around one of the orthogonal axes 
only.

partial volume averaging A phenomenon resulting from 
the fact that highly contrasting tissues are averaged 
within the slice thickness and within a voxel. Due to the 
nonlinearity of the logarithm used to convert measured 
radiation intensities to line integrals, this effect may 
result in inconsistent projection measurements and 
causes artifacts. It also causes blurring of tissue inter
faces that are obliquely intersected by the scan plane, 

pencil beam Narrow beam of X-rays. Also used to describe 
the beam that contributes to one transmission measure
ment only.

penumbra radiation Radiation external to the collimated 
beam dimensions primarily due to the finite dimensions 
of the focal spot.

petrous bridging Partial volume artifact in the area of the 
brain stem between the two mastoids or tympanic 
cavities in transverse or coronal scans, 

phantom Structure of defined geometry and composition 
with X-ray attenuation characteristics similar to those of 
a patient and designed for specific measurements 
(e.g.image quality determination) or to represent the 
patient during scanning experiments, 

photodiode Light sensitive diode, used to measure the 
light output from a scintillation crystal. This device is 
generally applied in fourth generation scanners, 

photomultiplier tube Special type of vacuum tube with 
multiple electrodes (dynodes) that amplify the current 
of electrons emitted by the photocathode. In combina
tion with a scintillator crystal this device was frequently 
used in first and second generation CT scanners, 

pixel Picture element. A single visible element of a dis
crete display system and as such the building brick of a

reconstructed image. Also used to designate a single 
element of an image matrix.

pixel size Size of a pixel as measured in the patient. It is 
calculated by deviding the field of view by the matrix 
size.

point spread function The transfer function that represents 
the output of an imaging system to an infinitesimal, 
high-amplitude point-shaped input, 

profile See ‘view’.
pulse time Duration of one X-ray pulse as used to measure 

one view in a third generation scanner.
PSF See ‘point spread function’.
quarter detector offset A shift of the fan beam detector in 

third generation CT scanners by one quarter detector 
spacing along its arc to generate a non-redundant data 
set in a full scan rotation, 

radiance Radiation intensity per unit area, 
radiation dose X-ray radiation energy absorbed by the pa

tient. Unless specified otherwise generally it means skin 
dose. It is measured in milli Gray (mGy).l Gray equals 
100 Rad.

Ramp filter Convolution filter with the shape of a ramp in 
the frequency domain. As it exactly compensates for the 
damping of higher spatial frequencies in the backprojec- 
tion it renders the most realistic reconstructed image, 

rotation increment In first and second generation scanners 
it is the rotation increment of the yoke between sub
sequent translations. In third and fourth generation 
scanners it is the X-ray tube rotation increment be
tween subsequent data acquisition cycles, 

sagittal plane Plane parallel to the patient’s plane of 
symmetry.

sample increment Center-to-center distance between two 
adjacent pencil beams in a profile, 

sample width Width of a single pencil beam that con
tributes to a single transmission measurement, 

scan plane Plane defined by the scanning motion of the 
center of the focal spot. The central ray is assumed to be 
perpendicular to the scanner’s axis of rotation, 

scan time Time that elapses from the start of the radiation 
at the start of the scan to the end of the radiation at the 
end of the scan, 

scanner See ‘CT scanner’.
scatter radiation Radiation that has been deviated from its 

initial course by its interaction with matter, 
scintillation crystal Transparent crystal (e.g. Sodium io

dide, Bismuth germanate or Cadmium tungstate) cap
able of converting X-ray energy into light, 

spatial resolution A quantitative measure of the ability of 
an imaging device to reproduce fine detail of relative 
high contrast (10% or more) in an object, 

steradian Unit of solid angle defined as the solid angle 
which encloses a surface on a sphere equivalent to the 
square of the radius of that sphere, 

three-dimensional surface rendering Postprocessing tech
nique that simulates a tissue surface in 3-D space by 
displaying it as if it is being illuminated or by applying 
any other method to create depth cues, 

view Set of line integrals that are processed together in
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convolution and/or backprojection. They may be mea
sured simultaneously but this is not mandatory, 

view increment angle Rotation angle between two adja
cent views.

volume scan Series of scans without patient movement be
tween scans, meant to be used as a 3-D matrix of CT 
numbers (e.g. for MPR or for 3-D surface imaging), 

voxel Volume in the patient represented by a pixel, 
window (display) Range of CT numbers being represented

by the range of gray levels between black and white 
during display of a CT image, 

window level Average of the maximum and minimum CT 
numbers of a display window, 

window width Difference between the maximum and 
minimum CT numbers of a display window, 

yoke Mechanical structure in the gantry that supports the 
X-ray tube and in all but the fourth generation scanner 
the detector(s) as well.



SUBJECT INDEX

The numbers behind the colon refer to page numbers only. When printed in boldface, the page number refers to 
an important passage, figure, table or definition. When the page numbers are followed by the letter T or F the 
reference concerns a table or figure respectively.

A

Abducens nerve (Nerve VI) (0-41):
148,148F,156T 

Acoustic meatus,
- internal (T-71) [see: internal acoustic 

meatus]
- external (T-39) [see: external 

acoustic meatus]
Acoustic neuroma: XI
- intracanalicular [see: intracanali- 

cular tumor, of the internal acoustic 
meatus]

Acuity, visual [see: visual acuity] 
Adhesion,
- by scar/connective tissue formation: 

XII, 163,171,173,174,176,177,179, 
181,183,184,184F

- dissection of: 179,184,184F
- of inferior oblique muscle: 179,179F
- of inferior rectus muscle: 173F-177F,
- prevention of,
- by hyaluronic acid: 179,180
- by monocular eye exercise: 177,

180,181,184F
Aditus ad antrum (T-41): 82F, 83,100, 

100F,108
Algorithm: 3,8,187
- algebraic: 3
- analytical: 3
- convolution [see: convolution] 
Ampulla of lateral semicircular canal

(T-30) [see: lateral semicircular 
canal, ampulla]

Ampulla of posterior semicircular 
canal (T-34) [see: posterior semi
circular canal, ampulla]

Ampulla of superior semicircular canal 
(T-32) [see: superior semicircular 
canal, ampulla]

Anatomy,
- correlative: XI, 77,116,141
- orbit: 141-155
------ coronal plane: 147-151
------ sagittal plane: 152-155
------ transverse plane: 142-147
- temporal bone: 77-115
------ axiopetrosal plane: 106-109
------ coronal plane: 88-93
------ inclined sagittal plane: 113-114
------ longitudinal plane: 109-113

Anatomy, correlative, temporal bone,
------ sagittal plane: 93-98
------ semiaxial plane: 98-102
------ semilongitudinal plane: 103-106
------ transverse plane: 78-88
- cross-sectional: 77,141,160
- normal: 77,141
- variations of: 77,84F, 85F, 90F,

116
- topographic: 77,141 
Angiography: 1,133
Angle between pencil beam and central 

ray of fan: 27
Angle of Citelli (T-126): 93F, 94F 
Angular vein (0-30): 144F 
Anode angle: 27,27F 
Anterior chamber (0-4): 145F, 151F, 

154F,156T
Anterior clinoid process (0-59): 146F 
Anterior condyloid foramen (T-134): 

107F
Anterior ethmoidal artery/vein (0-26): 

137F,145,156T
Anterior ethmoidal canal (T-75): 145, 

145F, 150,150F
Anterior inferior cerebellar artery 

(T-76): 85F
- meatal loop (T-75): 85F, 86 
Anterior lacrimal crest (0-55): 144,

144F
Anterior ligament of malleus (T-56) 

[see: malleus, anterior ligament] 
Anterior limb of stapes (T-15) [see:

stapes, anterior limb] 
Anthropological base plane [see:

plane, Frankfurt horizontal]
Antrum (T-42): 75,79F, 80F, 82F, 83F, 

85F, 86F, 88F, 93,93F, 101F, 102F, 
105F, 106F, 109,110, HOF, 111F, 
112F

Aperture: 187
- detector [see: detector, aperture]
- patient [see: patient, aperture]
Apex of petrous bone(T-114) [see:

temporal bone, petrous part, apex] 
Apical petrous cells (T-121): 79F, 80F, 

82F,86F,87F
Arcuate eminence (T-115): 91F 
Array: 187
- detector: 4,6,13,17 
Artefact [see: Artifact]

Articulation,
- atlanto-occipital (T-130) [see: 

atlanto-occipital articulation]
- incudomalleolar (T-8)

[see: incudomalleolar articulation]
- incudostapedial (T-13)

[see: incudostapedial articulation] 
Artifact: 2,13,117,187
- aliasing: 17,37
- beam hardening: 16
- CT-scale overflow: 15,15F, 189
- dental filling: 15,15F, 69,183
- - avoiding of: 134,138,138F, 139, 

139F, 158,159,173
- high-density: 15F, 138,138F, 139, 

139F
- fan: 13,14F
- fixation: 60
- lack-of-signal: 15,16F, 40,42
- induced by the shoulder: 42,72,136
- limited scanned area: 15
- misregistration: 41,45,158,158F
- motion: 3,6,14,15F, 41,75,139
- overshoot: 15,65
- partial volume: 11F, 12,16,16F, 37, 

40,41T, 133
- post mortem: 57
- ring: 3,6,7,13,14F
- partial: 13
- scatter: 16
Artronix, brain scanner: 6 
AS&E scanner: 6,156T 
Atlanto-occipital articulation (T-130): 

108F
Attenuation: 187
- coefficient: 187
- measurement: 3-5
- - X-ray, linear: 1,2,2F, 11,12
- profile: 9F
Attic (epitympanic recess) (T-40): 69, 

88,89F, 90,93,94F, 98F, 100F, 103F, 
104F,106F,108F,117

- lateral wall of (T-53): 69,89,89F,
100,100F,103F,104F,108,108F

Auditory tube (Eustachian tube): 69,
77,117

- bony part (T-50): 78,78F, 79,79F, 
97F,98,103,103F,109,110,110F, 
111F,113,113F,114,115T

- pharyngeal opening (T-51): 103F,
11IF,112F

191



Subject index

Auricle (T-143): 73,79F, 80F 
Autoradiography: 54 
Axiopetrosal plane [see: plane, 

axiopetrosal]
Axiopyramidal plane [see: plane, 

axiopetrosal]
Axis of rotation: 6,7

B

Back projection: 2,36,37,187 
Bandsaw: 57
- Exakt, diamond bandsaw: 61 
Barium enema: 1
Batch mode reconstruction: 76 
Batch mode scanning: 76 
Beamhardening: 2,187
- bone: 16
- soft tissue: 16
Blow-out fracture: 132,138F, 171,172, 

172F, 173,174F-178F, 181,184,184F 
Blurring,
- induced by partial volume averaging 

[see: partial volume averaging, 
blurring effect of]

- induced by smoothing convolution 
filter: 39

- interpolation-induced (MPR): 41, 
170

- motion-induced,
- by the patient [see: artifact, 

motion]
- by the scanner: 7
Body of incus (T-9) [see: incus, body]
Body scanner: 4,5,172
Bone conduction hearing loss: 124
- high frequency: 124
- middle frequency: 124 
Bone loss: 124
Bony erosion: 141,157 
Bony spiral lamina of cochlea (T-23) 

[see: cochlea, bony spiral 
lamina]

Brain, CT: 41,48,134 
Bronchography: 1 
Brooks’ law: 12

C

Cadaver study,
- anatomy: 61F, 80,142
- CT: 40F, 44F, 45F, 56F, 97F, 157F, 

172
Caldwell-Luc approach (failure of): 

177
Caldwell projection [see: radiographic 

projection, Caldwell]
Calibration: 1,2,5,6,14,187
- lack of: 13 
Camera,
- Canon A1:61T
- multiformat [see: multiformat 

camera]

Camera,
- Olympus OM-2N: 61T 
Canal,
- hypoglossal (T-92) [see: hypoglossal 

canal]
- Jacobson’s (T-136) [see: Jacobson’s 

canal]
- Morgagni (T-99) [see: Morgagni 

canal]
- of greater petrosal nerve (T-102)

[see: greater petrosal nerve, canal of]
- of superior vestibular nerve (T-98)

[see: superior vestibular nerve, canal 
of]

Canaliculi of cochlear nerve branches 
(T-27): 96,97F

Canon A1 camera [see: camera, Canon 
Al]

Cantho-meatalplane [see: plane, 
cantho-meatal]

Canthus: 133F 
Capture efficiency: 35 
Carboxy-methyl cellulose,
- gel: 55,58
- ice: 56F, 58,59 
Cardiac motion: 4
Carotid artery [see: internal carotid 

artery]
Carotid canal: 69
- ascending part (T-78): 78,78F, 79F,

88,89F, 96,97F, 113,113F, 114
- petrous part (T-79): 69,79,79F, 80,

80F, 103,103F, 104F, 110,111F,
115T, 142

Cathode ray tube: 17,19,187 
Cavernous hemangioma: XI, 168,

169F, 170
Cemax, CEMAX1000:44,44F, 45F 
Centering point, used in pluridirec- 

tional tomography: 66 
Central retinal artery: 156T 
CGR CE10000 scanner: 40T 
Chaussé III projection [see: projection, 

Chaussé III]
Check ligaments (0-17,0-18): 143,

144,144F, 156T 
Chemodectoma: XI 
Chiasmatic cistern: 167 
Cholesteatoma: XI
Chorda tympani, nerve (T-107): 37,76, 

108,108F,116
- posterior canal (T-106): 102F, 111, 

111F
Ciliary ganglion (0-40): 149F, 156T 
Cine scanner: 3,187 
Cisternography: 40,45,77,84
- air/gas: 45,77,84,85F, 86,87,116,117
- positivecontrast:45,168,168F, 170F 
Citelli, angle of [see: angle of Citelli] 
Cleavage operation of optic nerve

sheath meningioma [see: optic nerve 
sheath, meningioma, cleavage of] 

Clivus (involvement by meningioma): 
165

CMC [see: carboxy-methyl cellulose]

Cochlea: 69,80,81,88,95,98,110,
113,114,115,115T

- bony spiral lamina (T-23): 80,80F, 
113F, 114

- cupula (T-22): 81,96F, 97F, 103,104, 
104F

- first turn (T-20): 69,80,80F, 81,81F, 
82F, 89,89F, 90,90F, 91F, 92,95,
96F, 97F, 98,98F, 99,99F, 100F, 105, 
105F, 106F, 107,107F, 108F, 110, 
111F, 113F, 121

- modiolus (T-26): 96,97F, 99F
- scala tympani (T-24): 80F, 113F, 114
- scalavestibuli (T-25): 80F, 113F, 114
- second turn (T-21): 69,80,81,81F, 

82F, 83,83F, 85F, 89,89F, 97F, 98,
98F, 104,105F, 106F, 110,111F, 113, 
115T, 121

Cochlear aqueduct (T-38): 80,80F, 81, 
81F, 91,91F, 92,92F, 100F, 114,115

- entrance of: 100F
- proximal part of: 92 
Cochlear capsule [see: otic capsule,

cochlear part]
Cochlear nerve (T-95): 85F 
Cochlear otospongiosis [see: labyrin

thine otospongiosis]
Cochleariform process (T-60): 81,82F, 

89,89F, 98,109,115T 
Cold light source, Shott KL150B: 61T 
Collimator: 187
- detector aperture width: 5-7,33,34,

187
- slice: 187
Common crus (T-35): 86,86F, 92F, 93, 

95,96F, 100,100F, 101,101F, 102, 
105,106,106F, 108F, 109, 111, 112F, 
113,114

Computed tomography: 1,53,187
- history: 3 
Condyle,
- mandibular (T-133) [see: mandibular 

condyle]
- occipital (T-131) [see: occipital 

condyle]
- temporal (T-132) [see: temporal 

condyle]
Congenital malformation: XI, 45 
Continuous radiation: 7 
Contrast-detail curve: 11,13F, 18,187 
Contrast enhancement: 17,48,164 
Contrast medium,
- intrathecal: 40,45,77,86,167
- negative: 45,77,84,85F, 86,87, 

116,117
- - positive: 45,168,168F, 170F
- intravenous: 86,141,164,167 
Contrast resolution: 12,17,45,116,

121,187
Conventional tomography [see:

pluridirectional tomography] 
Convolution: 3,187
- filter: 30,31,31F,48T, 187
- edge-enhancement: 31,31F, 76,77 
-- Ramp: 31,31F, 47,76,141,189
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Convolution, filter,
- smoothing: 31F, 39
- kernel [see: convolution filter] 
Cornea: 154
Coronal plane [see: plane, coronal] 
Coronoid process of mandible (0-58): 

147F,148
Correlative anatomy [see: anatomy, 

correlative]
Covertest: 179,184F 
Cranial fossa, anterior: 153 
Cranial fossa, middle: 148,153 
Cranial vault: 143
Crista galli (0-57): 145F, 146F, 150F, 

151F
Cross-sectional anatomy: 53,54
- cryosectioning [see: cryo- 

section(ing)]
- formalin hardening technique: 53
- freezing method: 53,54
- milling technique: 53,54 
CRT [see: cathode ray tube]
Crura of stapes (T-15,16) [see: stapes, 

crura]
Cryomicrotome: 54,58
- knife holder: 58
- stage [see: microtome, stage] 
Cryosection(ing): X, XI, 53,55,56F,

58,59,116 
Cryostat: 58,58F 
CT [see: computed tomography]
CT densitometry: 121,122,124 
CT number: X, 2,12,16,17,123,124, 

187
CT scanner: 3,187
--generation: 1,3,13,33,187 
  first: 3
------ artifacts: 4
------ geometry: 3,4F, 5,10
------ scan time: 3,7T
------ body scanner: 4
- - fourth: 3,6,7,34,35
------ artifacts: 7
------ geometry: 7F, 10
------ scan time: 7T
- hybrid [see: hybrid scanner]
----second: 4,5
------ artifacts: 5
------ geometry: 4,4F, 5,10
------ scan time: 4
- third: 3,5,6,34
------ artifacts: 3,6,13
------ geometry: 5,6,8F, 10,33
------ scan time: 6
Cupping: 16
Cupula of cochlea (T-22) [see: cochlea, 

cupula]
Curved plane [see: curvilinear plane] 
Curvilinear plane: 41,187 
Cut-off frequency: 11,188

D

Data acquisition: 4-6,188

Data carrier: 14 
Decompression surgery,
- of endolymphatic sac [see: endo

lymphatic sac, decompression 
surgery of]

- of optic nerve sheath meningiopia 
[see: cleavage operation of optic 
nerve sheath meningioma]

- of orbit: 165,166F 
Deconvolution: 41 
Density measurement

[see: CT densitometry]
Density resolution 

[see: contrast resolution]
Dental filling artifact [see: artifact, 

dental filling]
Detection efficiency: 6,35 
Detector, X-ray: 1,3,4
- aperture: 26,33,187
- height: 29,33
- - width: 7,9,27,34,48
- collimator [see: collimator, 

detector aperture width]
- crystal, scintillation [see: scintillation 

crystal, detector]
- efficiency [see: capture efficiency/ 

detection efficiency]
- gain [see: gain, detector]
- gas chamber, Xenon: [see: xenon 

gas, detector]
- in first generation CT: 3
- in fourth generation CT: 6
- in second generation CT: 4
- in third generation CT: 6 
Diplopia: 171,179,184F
Direct multiplanar CT: X, XI, 25,41, 

117,157,158,163
- assessment of space occupying 

lesions: XII, 163
- coronal: 41,45
- abdomen: 42
------ lateral decubitus position: 42
------ sitting position: 42
--head:41 
  prone:134
------ sitting position: 41,42,42F
------ supine: 134
- - orbit: 131,134,158,163,170
- temporal bone: 65,66F, 88,137
- sagittal: 42,45
- abdomen: 42
- - head: 42,70
- - orbit: 132,134,158,168,183
- temporal bone: 65,66F, 93 
Direct sagittal neuro accessory: 70,72,

139,158
Display: 17,76,141
- memory: 2
- (sub)matrix: 141
- window [see: window, display]
Dorsal nasal artery: 156T 
Dose [see: radiation dose]
Drusen body: 170,170F 
Dulac-5 projection [see: projection,

Dulac-5]

Dulac-7 projection [see: projection, 
Dulac-7]

Dura mater (0-81): 84,149,150F, 165, 
167

E

Edema, in orbital trauma: 171,184,
184F

Edge-enhancement filter: 12,16,30, 
65,116

Effective pencil beam,
- height: 30F
- width: 9,9F, 26F, 27,28F, 32F 
Elscint, Exel 2000 scanner: 3 
Electron microscopy: 1
EMI,
- Mark I scanner: 2,3,34T, 131,156T
- 5000/5005 scanner: 4,34T, 54,65,156T
- 7070 scanner: 34T, 35,35F, 40T
- Topaz scanner: 3 
Endolymphatic sac, decompression

surgery of: XII
Enophthalmos: 159,170,170F, 171, 

175F,176F,177,177F,178,178F, 
179F,180F,181,181F,183,184F

- correction: 177,179,184,184F
- by autograft bone: 176F, 177,178, 

178F,179,180F
- by plastic plate: 172,177,177F,

178,178F,179
--- by silicone implant: 177,177F
Entrapment of,
- inferior rectus muscle 171,174,184
- orbital soft tissue: 171 
Epitympanic cells (T-123): 82F, 103 
Epitympanic recess (T-40) [see: attic] 
Ethmoidal foramen [see: anterior/

posterior ethmoidal canal]
Ethmoidal sinus (0-74): 137F, 142,

142F, 143F, 144,144F, 145F, 148,
149F, 150,150F, 154F, 155F 

Ethmoid bone, orbital plate of (0-49) 
[see: orbital plate of ethmoid bone] 

Eustachian tube [see: auditory tube] 
Examination range: 76,76T, 139 
Exophthalmos: 164F, 165,166F-169F, 
Exposure time: 39,188 
External acoustic meatus (T-39): 78,

78F, 79F, 80F, 89,90F, 91F, 93,93F,
94F, 99,99F, 100,100F, 101F, 102F,
103,103F, 104F, 108F, 109F, 115T

- anterior margin of: 71
- superior margin of: 68,70 
External periantral cells (T-119): 80F,

HOFlllF
External perisinusal cells (T-118): 86F 
Extraconal tumor involvement [see: 

space-occupying lesion, orbit, extra
conal]

Extrinsic ocular muscles: 148,165 
Eye lens [see: lens]
Eyelid (0-84): 140,143,143F, 145F,

151,151F, 152F, 153F, 154F, 170
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Eye motility impairment [see: ocular 
motility impairment]

Eye motion, study of: 137

F

Facial canal: 115
- first part (T-100): 83,83F, 84,84F,

89,89F, 90,95,96F, 98,99F, 104,
104F, 105,105F, 107,107F, 110,
11 IF, 115T

- mastoid portion (T-105) [see: facial 
canal, third part]

- petrous portion (T-100) [see: facial 
canal, first part]

- second genu (T-104): 81F, 91F, 92, 
92F, 94,94F, 101F, 109, 111, 111F

- secondpart (T-103): 82,82F, 84,
84F, 89,89F, 90,91F, 94F, 98,99,
99F, 100,100F, 101,101F, 104,104F, 
105,105F, 106F, 107F, 108,108F,
109F, 111, 112F, 113,113F, 115T

- third part (T-105): 69,78F, 79,79F,
91,92,92F, 93,94,94F, 102,102F,
109,109F, 112F, 113,115T

- tympanic portion (T-103) [see: facial 
canal, second part]

Facial nerve (N VII) (T-96): 83,84,
85F, 86,90

Facial nerve canal [see: facial canal] 
Facial vein (0-31): 151F 
Falciform crest (T-73): 90,90F, 98,

99F, 105,105F, 11 IF 
Fan-shaped geometry: 6,32F, 34F 
Field of binocular single vision: 176 
Field ofview:34T, 76,188
- orbit CT:48T
- temporal bone CT: 48T, 76 
Film: 18
- density: 18,19
- slide,
----Agfachrome 50Lprofessional: 61T
- Kodachrome25:61T
- X-ray: 1,18
First generation scanner [see: CT 

scanner, generation, first]
First part of facial canal [see: facial 

canal, first part]
First turn of cochlea (T-20) [see:

cochlea, first turn]
Flash,
- Olympus T32:61T
- Popular AC: 61T 
Flicker: 17 
Fluoroscopy:31
Focal spot: 1,27F, 33,188
- depth:27
- distance to axis of rotation: 7,33,

34T, 48
- distance to detector: 34T
- distance to slice thickness collimator: 

13,34T
- height: 27F, 29F
- length: 27

Focal spot,
- projected: 26
- size: 31
- large:27
- limitation of slice thickness [see: 

slice thickness, limitation by focal 
spot size]
- micro-: 31
- - small: 27,31,33,117,160
- width: 9,27
--- effective: 26,27
- FWHM of [see: focal spot, width, 

effective]
Follow-up of surgical treatment: 179 
Footplate of stapes (T-17) [see: stapes, 

footplate]
Foramen lacerum (T-80): 78F, 81F 
Foramen rotundum (0-63): 152,152F 
Foramen spinosum (T-135): 97F, 98 
Forced duction test: 179 
Fossa,
- anterior cranial [see: cranial fossa, 

anterior]
- middle cranial [see: cranial fossa, 

middle]
- nasolacrimal [see: nasolacrimal 

fossa]
- of geniculate ganglion (T-101) [see: 

geniculate ganglion, fossa]
- temporal [see: temporal fossa]
FOV [see: field of view]
Fourier transform: 3,188
Fourth generation scanner [see: CT 

scanner, generation, fourth] 
Fracture: 141
- blow-out [see: blow-out fracture]
- ofinferior orbital rim: 172,173,

174F, 181,183T
- oflateral orbital wall: 172,180F,

182F
- ofmedial orbital wall: 172,172F, 

173F, 175F, 179F, 180F, 181,181F, 
182F, 183T

- of nose: 183T
- of optic canal: 183,183T
- of orbital floor: XII, 132,140,163, 

170,171,181,183,183T
- conservative treatment of: 177, 

179,181,184,184F
- cross-wise: 175,175F
- - hinge: 175F, 176,176F, 178
- managementof [see: patient, 

management, fracture of the orbital 
floor]
- sagittal: 174,175,177
- with detached bony fragments: 

176,176F
- of orbital roof: 139F, 171,172F, 183T
- of supraorbital rim: 172F, 173,174F, 

183T
- oftemporalbone, longitudinal: 116
- of zygoma: 158,172,172F, 181,183T 
Frankfurt horizontal plane [see: plane,

Frankfurt horizontal]
Frontal bone (0-46): 146F, 147F, 149F,

151,151F, 153F, 155F
- zygomatic process of (0-47) [see: 

zygomatic process of frontal bone]
Frontal nerve (0-37): 148,148F, 149F, 

150F, 151F, 156T
Frontal process of maxilla (0-44) [see: 

maxilla, frontal process]
Frontal projection [see: projection, 

frontal]
Frontal sinus (0-70): 147F, 150F, 151F
Full width at half maximum: 188
- of attenuation distribution: 9,26
- of point spread function [see: point 

spread function, FWHM of]
Fundus of internal acoustic meatus 

(T-72) [see: internal acoustic meatus, 
fundus]

FWHM [see: full width at half 
maximum]

G

Gain, detector: 2,13,188 
Gamma correction: 17,19,188 
Gantry: 70
- tilt: 70,71,72,74,135,136,140 
Gas chamber detector: 188 
Gastro-intestinal motion: 4 
Gaze,
- downward: 137,137F
- lateral: 137
- medial: 137
- straightforward: 134,139,141
- upward: 137,159
- use of fixation marks: 139,140F, 141 
General Electric,
- first third generation body scanner 

(CT/T7800): 6
- 8800 scanner: 40T
- 9800 scanner: 40T
- mammographic scanner: 6 
Generation [see: CT scanner

generation]
Geniculate ganglion: 84
- fossa (T-101): 82F, 83F, 84,84F, 88, 

89F, 95,96F, 98,98F106,106F
Geometric enlargement: 5F, 6,10,13, 

26,31,32F, 33,34,40T, 117,160,188
- scanner designs without: 33 
Geometric magnification [see:

geometric enlargement]
Geometry,
- scan: 48
- X-ray: 29,33,34T, 35
- divergent [see: view, divergent]
- parallel [see: view, parallel] 
Glaser’s fissure (T-141) [see:

tympanosquamosal fissure]
Glenoid cavity of temporal bone 

(T-129) [see: temporal bone, glenoid 
cavity]

Glioma of the optic nerve: 163,164F 
Globe: 140,145,151,155,155T, 156T
- inferior pole: 141
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Globe,
- lateral margin: 152
- medial margin: 155
- posterior margin: 149
- superior pole: 147
Graves’ ophthalmopathy: XI, 137, 

138F,163,165,166F 
Grayscale,
- levels: 17
- nonlinearity: 18,19
Greater petrosal nerve, canal (T-102): 

82F, 84,84F
Greater wing of sphenoid bone (0-50) 

[see: sphenoid bone, greater wing] 
Groove to mixed nerves (NIX, X, XI) 

(T-91): 91F, 92,92F, 93 
Guillen projection [see: projection, 

Guillen]

H

Head holder [see: head rest]
Head of malleus (T-7) [see: malleus, 

head]
Head of stapes (T-14) [see: stapes, 

head]
Head rest,
- coronal: 70,71,75,134,137
- experimental: 70F, 72,75,75F, 159
- swiveled: 70F, 72,75
- sagittal: 72,72F, 136,140,141
- transverse: 70,71F, 134,134F 
Heated object scale: 44,188 
Herniation,
- of nucleus pulposis: 25
- of orbital tissue: 174,174F-176F, 

181F, 183
- volume determination of: 183 
High-resolution CT: X, XI, XII, 3-7,

16,19,25,27,30,33,37,45,47,65, 
77,116,122,124,163,170,188 

Hirtz: 69
Histochemistry: 54 
Hitachi, coronal scanning: 41 
Hounsfield: 1-3
- bars [see: petrous bridging]
- number [see: CT number]
- scale: 2,17,188
- unit: 2
Hyaluronic acid, use of [see: adhesion, 

prevention of, by hyaluronic acid] 
Hybrid scanner: 3,188 
Hyperostosis [see: hyperostotic 

meningioma]
Hyperostotic meningioma: 39F, 141, 

165,168,169F
Hypoglossal canal (N XII) (T-92): 91F, 

92,92F, 93,100F, 101F, 106F, 107F 
Hypophyseal fossa (0-60): 154F, 155F 
Hypotympanum (T-44): 78,78F, 90, 

101F, 104F

I

Image contrast, influence of slice 
thickness: 38

Image display [see: display]
Image matrix: 2,11,17,44,188
- 2-0:2,11,17
- 3-D: 44,158
- size: 188
- - 80x80:7T, 156T
- - 160x160:156T
- - 256x256:7T
- - 320x320:7T, 156T 
-- 512x512:7X17
Image photography [see: photography, 

of CT image]
Image quality: 8,18,19,157
- degradation of: 13,75
- improvement of: 25-48,157
- inMPR: 41,157F, 158F, 170 
Image reconstruction: 2,5,12,30,37,

76
- MacroView [see: Macro View, 

reconstruction technique]
- matrix [see: image matrix]
- MPR[see: multiplanar reformatting]
- multiplanar [see: multiplanar 

reformatting]
- optical: 3
- pipeline: 6,36
- zoom: 7,76
Image sharpness: 8,25,37,39,65,131 
Immobilization,
- patient: 3,8,41
- yoke: 33
Inclined sagittal plane [see: plane, 

inclined sagittal]
Incudomalleolar articulation (T-8):

82F, 113,115T,H7 
Incudostapedial articulation (T-13): 

108,108F, 115T
Incus: 74,83,99,108,108F, 113,117
- body (T-9): 81,82F, 85F, 89,89F, 93, 

93F, 94.94F, 99,100F, 103,103F,
108F, 113,113F

- lenticular process (T-12): 90F, 108F
- long process (T-ll): 62F, 80,80F,

81F, 85F, 90,90F, 94,94F, 99,104, 
104F, 105F, 108,108F, 110,11 IF,
113,113F, 115T

- posterior ligament (T-63): 81,82F
- short process (T-10): 81,82F, 90,

90F, 93,93F, 100,100F, 104,104F, 
105F, 108,108F, 109, HOF

- superiorligament(T-64):37F 
Inferior muscular arterial branch

(0-24): 148,149F
Inferior oblique muscle (0-13): 140, 

142,142F, 143F, 151,151F, 152F,
153F, 154,154F, 155T, 156T 

Inferior ophthalmic vein (0-29): 142, 
143,143F, 148F, 156X 

Inferior orbital fissure (0-66): 142, 
142F, 143,143F, 144F, 147,147F,
148,148F, 149F

Inferior rectus muscle (0-8): 136,
142F, 143,143F, 144F, 148F, 149F, 
150F, 151F, 153F, 154,155T, 156T, 
159,170,174

- aponeurosis: 154
Infraorbital canal/groove (0-68): 149F, 

150,150F, 152,153,153F, 173,175 
Infraorbital margin (0-45): 68,133, 

140,15 IF, 153F 
Infraorbital nerve: 153 
Infratrochlear artery: 156T 
Internal acoustic meatus (T-71): 69,77, 

81F, 82F, 83,83F, 84,84F-86F, 90,
90F, 91,91F, 97F, 98,98F, 99,99F, 
105,106F, 107F, 111, 112F, 115T

- bulging appearance of: 90F, 91,105, 
106F

- fundus (T-72): 90,90F, 91F, 96,99F, 
105,105F, 11 IF

- porus: 87
Internal carotid artery (0-25): 98,

143F, 145F, 152,152F
- calcified walls: 142,142F, 144,144F, 

153F, 154
- cavernous part: 144
Internal carotid canal [see: carotid 

canal]
Internal petro-occipital suture (T-139) 

[see: petro-occipital suture, internal] 
Interpolation, as part of back- 

projection: 36
Intersinusofacial cells (T-120): 78F,

94F
Interweaving of parallel views: 36 
Intracanalicular tumor: 25,77
- of the internal acoustic meatus: 77
- of the spinal canal: 25 
Intraconal tumor involvement [see:

space-occupying lesion, orbit, intra
conal]

Intraorbital pressure, increase of: 165, 
171

Inverse fan beam: 6 
Isocenter: 26,33,70,71,75,188

J

Jacobson’s canal (T-136): 97F, 98 
Joint [see: Articulation]
Jugular bulb (T-87): 79,79F, 107,107F, 

108X109,115
Jugular fossa (T-88): 69,79F, 91F, 92, 

92F, 96,97F, 100F, 101F, 102,102F, 
107F, 109F, 113,113F 

Jugular spine (T-89):92F 
Jugular tubercle (T-90): 91F, 92F

K

Knife sharpener, Shandon Autosharp 
IV [see: Shandon Autosharp IV, 
knife sharpener]

Koerner septum (T-124): 81,81F, 82F
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L

Labyrinth: 79,86,101 
Labyrinthine capsule [see: otic capsule] 
Labyrinthine otospongiosis: XI, 69,

121,122,124
- treatment of: 124
Lacrimal artery (0-22): 145F, 146,

146F,156T
Lacrimal bone (0-53): 144F 
Lacrimal canaliculi: 151 
Lacrimal gland (0-78): 137F, 145,

145F,146,146F,147,147F,150,
150F,151,151F,152F,153,153F,
155T, 156T, 160 

Lacrimal nerve: 156T 
Lacrimal sac (0-79): 143,143F, 144F, 151 
Lacrimal vein (0-32): 146,146F, 156T 
Lateral check ligament (0-18): 144F 
Lateral collateral vein (0-34): 144F, 

145F,150F,152,152F 
Lateral communicating vein [see:

lateral collateral vein]
Lateral ligament of malleus (T-57) [see:

malleus, lateral ligament]
Lateral orbital margin: 151 
Lateral orbital wall: 16,155T
- fracture of [see: fracture, lateral 

orbital wall]
Lateral palpebral ligament (0-16):

144F
Lateral process of malleus [see:

malleus, lateral process]
Lateral projection [see: projection, 

lateral]
Lateral rectus muscle (0-10):
- aponeurosis: 145
Lateral semicircular canal (T-29): 83, 

83F, 90,90F, 91,91F, 92F, 93,94, 
94F,95,95F,100,100F,101,101F,
104,105,105F,106F, 108,108F, 109, 
109F,111,111F,112F,113,113F,
115T

- ampulla (T-30): 83,83F, 95,95F, 99, 
100F,105F

Leitz Grundschlitten microtome: 54 
Lens (0-3): 145F, 151,151F, 154,

154F, 155,156T
- radiation dose [see: radiation dose, 

eye lens]
Lenticular process of incus (T-12) [see:

incus, lenticular process]
Lesser wing of sphenoid bone (0-51)

[see: sphenoid bone, lesser wing] 
Levator palpebrae superioris muscle 

(0-5): 138,146,148,148F, 149,
149F, 150,150F, 154,154F, 155,170 

Light visor: 70
- external: 71,72,75
- internal: 72,73,140 
Line integral: 1,2,188
Line of incidence: 66,66F, 67T, 68,

68F, 68T
Linear attenuation coefficient [see: 

attenuation coefficient, X-ray, linear]

LKB: 58
- 2250:58
— PMV 200 microtome: 58
— PMV 450MP microtome: 54,58, 

59F
- multirange microtome: 62 
Lockwood tendon of inferior oblique

muscle: 156T
Long posterior ciliary artery (0-23):

144,144F, 145F, 148,149F, 156T 
Long process of incus (T-ll) [see:

incus, long process]
Longitudinal plane [see: plane, 

longitudinal]
Longitudinal visualization: 42,43F, 

114,115,155,157,159,163,167,170 
Lumbar spine canal stenosis: 25 
Lumenography: 1 
Luminance: 17,188

M

Macro View, reconstruction technique:
36,36F, 37,37T, 37F, 76F, 108,117,
188

Maddox scheme: 176 
Magnetic resonance imaging: 53
- of the orbit: 171 
Mahoney’s projection [see: radio-

graphic projection, Mahoney]
Malleus: 74,83,107,107F, 113,117
- anterior ligament (T-56): 82F, 113,113F
- head (T-7): 82F, 85F, 88,89,89F, 94,

94F, 98,99F, 103,103F, 104F, 106,
107,107F, 109,110F, 113,113F, 114

- lateral ligament (T-57): 107F
- lateral process (T-5): 89F, 98,99F,

103,103F, 107,107F
- manubrium (T-4): 79,79F, 80F, 89,

89F, 94,94F, 99,100F, 104,104F,
107,108,108F, 110,111F, 113,113F, 
115T

- neck (T-6): 62F, 80,80F, 81F, 85F,
94F, 98,99F, 103F, 107,109,110F.
113,113F

- superior ligament (T-58): 89F 
Mammography: 1,6 
Mandible, coronoid process (0-58)

[see: coronoid process of mandible] 
Mandibular condyle (T-133): 78,78F,

93,93F, 94F, 95,98F, 103F, 106F 
Manubrium of malleus (T-4) [see:

malleus, manubrium]
Marrow of styloid process (T-128): 
mAs [see: milliampere-second]
Masseter muscle: 148
Mastoid air cells (T-117): 12,75,79,

92F, 93,93F, 106F, 111, 112F 
Mastoid part of temporal bone (T-116) 

[see: temporal bone, mastoid part] 
Mastoid pneumatization in Ménière’s 

disease: 124
Mastoid process (T-125): 92F, 93,93F, 

106F, 11 IF, 112F

Matrix [see: image matrix]
Maxilla (0-43): 150F-153F, 155F
- frontal process of (0-44): 144F,

145F, 151F
Maxillary nerve: 152 
Maxillary sinus (0-69): 142,142F, 143, 

147F, 148,149F, 150,150F-154F 
Meatal loop of anterior inferior 

cerebellar artery (T-75) [see: 
anterior inferior cerebellar artery, 
meatal loop]

Meckel’s cave: 152
- recessof(T-82) [see: recess of 

Meckel’s cave]
Medial check ligament (0-17): 144F 
Medial collateral vein (0-33): 143, 

143F, 144F, 145,145F 
Medial ophthalmic vein (0-28): 146, 

146F, 148F, 149F, 156T 
Medial orbital wall: 155T
- fracture of [see: fracture of medial 

orbital wall]
Medial palpebral ligament (0-15): 

144F, 151,151F
Medial rectus muscle (0-9): 137F, 144, 

144F, 145,145F, 148F, 149F, 150F, 
151F, 154F, 155,155F, 155T, 156T 

Medial wall of tympanic cavity [see:
tympanic cavity, medial wall] 

Ménière’s disease: XI
- idiopathic: 125,126,128 
Meningioma: XI, 168
- intracranial: 164
- ofoptic nerve sheath: 164
- of sphenoid: 165,166F
- retrobulbar: 168F 
Mesotympanum (T-43): 79,80F, 90,

91,105F 
Microtome,
- Leitz Grundschlitten [see: Leitz 

Grundschlitten microtome]
- LKB [see: LKB]
- sledge: 58
- stage: 57,58 
Milliampere-second: 39,188 
Minnesota Mining (3M), adhesive

tape:59
- type660 [see: tape, adhesive,

3M type 660]
- type 810 [see: tape, adhesive,

3M type 810]
- type 823 [see: tape, adhesive,

3M type 823]
Modified lateral projection,
- towards axiopetrosal plane: 124
- towards longitudinal plane: 124,125 
Modiolus of cochlea (T-26) [see:

cochlea, modiolus]
Modulation transfer function: 11,188 
Mondini malformation: 127 
Monocular eye exercise [see: adhesion, 

prevention of, by monocular eye 
exercise]

Morgagni canal (T-96): 82F, 106F, 111, 
112F
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Motility impairment, extraocular 
muscles [see: ocular motility, 
impairment]

Motion, patient: 5,75,139,158,183
- cardiac [see: cardiac motion]
- gastro-intestinal [see: gastro

intestinal motion]
- respiratory [see: respiratory motion]
Motion blur: 7,10
- by scanner motion: 7
MPR [see: multiplanar reformatting]
MRI [see: magnetic resonance 

imaging]
MTF [see: modulation transfer 

function]
Müller’s muscle (0-14): 142,143F, 148, 

148F, 152,152F, 156T
Multiformat camera: 18,188
Multiplanar reformatting: XI, 25,37,

41,45,117,136,156,157,160,172,188
- high resolution: 157
- oblique plane [see: oblique plane, 

MPR]
- standard: 157

N

Nasal bone (0-54): 144F, 145F 
Nasal cavity (0-72): 142,142F, 143,

143F, 145F, 147F, 148,149F, 150,
150F, 151F, 154F, 155F 

Nasal frontal vein: 156T 
Nasion: 68,133F
Nasion-biauricular plane [see: plane, 

nasion-biauricular]
Nasociliary nerve (0-39): 148,148F,

156T
Nasolacrimal canal (0-80): 140,142, 

142F, 143F, 147,151,151F, 155,
155F, 155T, 159 

Nasolacrimal fossa: 144 
Neck of malleus (T-6) [see: malleus, 

neck]
Neoplasm: 156T
Nerve II (0-36) [see: optic nerve]
Nerve III (0-38) [see: oculomotor 

nerve]
Nerve V (T-97) [see: trigeminal nerve] 
Nerve VI (0-41) [see: abducens nerve] 
Nerve VII (T-96) [see: facial nerve]
Nerve VIII (T-93,95) [see:

vestibulocochlear nerve] 
Neurofibromatosis: 170,170F 
Neuro-ophthalmicplane [see: plane, 

neuro-ophthalmic]
Noise: 1,8,12,37,39,45,47,48,131,188
- brightness amplitude: 17
- decrease of: 10,12,13,39
- electronic: 12
- ‘frozen’: 15,40,188
- increase of: 7,12,39
- power spectrum: 12
- standard deviation: 12,17,39,47,

47F, 117,188

Noise,

- statistical: 12,13,189
- structured: 12,189
- system: 13 
Nondestructive testing: 3 
Non-equidistant measurements: 5 
Non-equidistant backprojection: 37 
Nonlinearity: 189
Normal anatomy [see: anatomy, 

normal]
Nyquist frequency [see: cut-off 

frequency]

O

Oblique plane,
- direct scan or pluridirectional 

tomography of: 41
-MPrI41
--- para-axial: 41
- true: 41
Occipital condyle (T-131): 102F, 107F, 

108F
Occipital protuberance, artifact: 16, 

16F
Occipitomastoid suture (T-140): 76, 

86F, 93F
Ocular motility: 172
- impairment: XII, 170-172,176,177, 

181,184,184F
- vertical: 171 
Oculomotor nerve (0-38): 148,

148F-150F, 156T 
Offset, detector: 2,13,189 
Olympus OM-2N, camera [see:

camera, Olympus OM-2N]
Ohio Nuclear,
- Delta 50 scanner: 4
- Delta 2020 scanner: 156T 
Ophthalmic artery (0-20): 133,145,

145F, 148,148F, 149F, 150F, 153F, 
154F, 156T

- anterior: 156T
Optic canal (0-67): 144,144F, 147, 

148,153,154F, 155T, 159
- orientation: 134,159
- radiographic projection of: 171
- sagittal scan of: 134
Optic nerve (0-36): 137F, 144F, 145, 

145F, 147,147F, 148,148F, 149,
149F, 150F, 153F, 155,155T, 156T, 
158T, 167

- decompression surgery: 164
- displacement of: 163,165,169,170
- distal part: 133,158,159
- glioma: 163,164F
- incarceration: 163,165
- middle part: 133,158
- perineural enhancement: 167,167F, 

168F
- proximal part: 133,134,158,159
- sinuosity of: 133,159,170F
- stretching: 137F, 165,166F
- tumor invasion of: 164

Optic nerve sheath: 149
- meningioma: 163,164,164F, 165F, 170
- cleavage of: 164 
Optic neuritis: 163
Optical reconstruction [see: image 

reconstruction, optical]
Oral surgery: XI
Orbicularis muscle (0-19): 142,142F, 

143F, 147,147F, 152F-154F 
Orbit: 131,163
- apex:137,140,153,179
- connective tissue system: 144,171, 

171F
- CT: 25,131,156 
 history: 25,131
- technique: 48T
- decompression surgery [see: decom

pression surgery of the orbit]
- volume determination of: 183 
Orbital floor: 150,154,155T, 158
- fracture [see: fracture of orbital 

floor]
Orbital fracture(s): 157
- combination of: 172,173F, 180F,

181,181F, 182F, 183
- morphology: 172,173
Orbital muscle [see: Müller’s muscle] 
Orbital plate of ethmoid bone (0-49):

144F, 145F, 149,149F, 151F 
Orbital pneumography: X 
Orbital process of palatine bone 

(0-52): 142F, 153,153F 
Orbital roof: 155T, 158
- fracture [see: fracture of orbital roof] 
Orbital septum (0-83): 137F, 142,

142F, 147,147F, 151,151F, 155,
155T, 156T 

Orbital trauma: 183
- caused by a foreign body: 172,172F
- complex: 172,183
- edema [see: edema in orbital trauma]
- hemorrhage: 176,184,184F
- iatrogenic cause: 172,172F, 177
- requiring enucleation: 172F 
Orbital venography: X 
Orbitale: 133F
Orbitography, positive contrast: X, 171 
Orbitomeatal plane [see: plane, 

orbitomeatal]
Orthogonal plane (MPR): 41,189 
Orthopedic surgery: 43 
Ossicles: 69,89,103,116 
Ossicular chain luxation: XI, 116 
Ossicular disruption [see: ossicular 

chain luxation]
Osteoma: 141
Osteosynthesis wire, use of: 179 
Otic capsule: 104,121,122,122T, 123, 

124
- cochlear part: 122T
- enchondral layer: 122
- lucency [see: otic capsule, spongiotic 

foci]
- sclerotic foci (remineralized): 122, 

122T
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Otic capsule,

- spongioticfoci: 121,122,122T, 124
Oto(rhino)laryngology: XI
Otosclerosis: XI, 121,122
- cochlear [see: labyrinthine 

otospongiosis]
- fenestral: 121
Otospongiosis [see: labyrinthine 

otospongiosis]
Otospongiotic lesion [see: otic capsule, 

spongiotic foci]
Oval window (T-18): 69,82,91F, 100F, 

105,105F,108F,111F,115T, 116,117
- niche (T-46): 82,82F, 90,90F, 91F, 

95,95F,99,100F,104,105F,107
Overflow [see: artifact, CT-scale 

overflow]
Overshoot phenomenon: 31,31F

P

Palatine bone, orbital process (0-52) 
[see: orbital process of palatine bone] 

Palpebral ligaments (0-15, 0-16): 143, 
144F,156T 

Palsy,
- ofabducens nerve: 172F,181
- of oculomotor nerve: 172F, 180F, 

181,184,184F
Para-axial oblique plane, MPR: 189 
Pars flaccida of tympanic membrane 

(T-2):
Pars tensa of tympanic membrane 

(T-3):
Partial volume averaging: 11,12,37, 

157,170,189
- artifact [see: artifact, partial volume]
- blurring effect of: 12,37T,38,38F, 

39,39F, 42,45,65,79,89,90,98,99, 
115,128,150

Patient,
- aperture: 42,70,136,187
- - cone:42,70,72,137,160
- tunnel: 70
- diameter [see: patient size]
- examination: 75,139
- immobilization [see: immobilization, 

patient]
- instruction: 40,75,139
- management, fracture of the orbital 

floor: 163,170,177,184,184F
- motion [see: motion, patient]
- position: XI, 40,45
- lateral decubitus: 77
--modified: 75,137 
 for CT of the orbit: 137
------ for CT of the temporal bone: 75
- prone:71,72,77
- semi-prone/semi-lateral decubitus: 

72,74
--- supine: 70,75
- positioning: X, 19,40-42,68,70
- accessories: 70,70F, 134
- flexibility: 65,117

Patient, positioning,

--- for CT of the orbit: 132
------ coronal plane: 132,135,135F,

138F
------ landmarks: 140,141,147,152
------ sagittal plane: 132,135,136,

136F
------ transverse plane: 134,135F
— for CT of the temporal bone: 70, 

70F
------ coronal plane: 71,71F
------ axiopetrosal plane: 72,74F
------ inclined sagittal plane: 74,75,

75F
------ landmarks: 70-74,76T, 77
------ longitudinal plane: 73,74F
------ sagittal plane: 72,72F
------ semiaxialplane:73F,75
------ semilongitudinal plane: 72,73F,

75
------ transverse plane: 70,71F
— problems: 76,117,136,158,159
— technique: 70,134
— preparation: 13,75,139 
--- for CT of the orbit: 139
--- for CT of the temporal bone: 75
— size: 2,12,39,40,47F, 48
— throughput: 158
— use of lateral scanogram: 138F, 140, 

159
Pencil beam: 1-3,6,10,189
— FWHM of [see: effective pencil 

beam, width]
— geometry: 4,6,9,9F, 10F, 25,26,30
— height: 28
— attenuation distribution: 30
— divergence:28
— effective: 30F
— width: 9,10F, 26,26F, 33
— attenuation distribution: 26
— divergence: 26
— effective [see: effective pencil 

beam, width]
Penumbra radiation: 28,29,189 
Perception, visual: 18
— contrast: 12,17,48
----ofdisc-shaped details: 18,48
— depth:43
— cues: 43
------ binocular: 43,44
---------accommodation: 44
---------convergence: 44
---------stereopsis: 44
------ monocular: 43
---------dynamic: 43
---------static: 43
— ofvideo image: 17 
Perfusion fixation: 53 
Periaqueductal cells (T-122): 85F, 86 
Periorbita: 176
Petroaxial plane [see: plane, 

axiopetrosal]
Petromastoid canal (T-77): 85F, 86,

86F, 87,87F, 91,91F, 95,95F, 96,
96F, 97F, 108,108F, 111F, 113F, 115T

Petro-occipital suture, internal 
(T-139): 78F, 89F, 90F, 97F, 98F,
105F, 109,109F, 112F 

Petro-occipital suture, external [see:
occipitomastoid suture] 

Petrosquamosal fissure (T-138): 78, 
78F

Petrotympanic fissure (T-137): 93,93F, 
108F

Petrous bone (T-113) [see: temporal 
bone, petrous part]

Petrous bridging: 12,16,40F, 41T, 189 
Petrous part of temporal bone (T-113) 

[see: temporal bone, petrous part] 
Pfizer 200FS scanner: 42 
Phantom: X, 10,37,189
- anthropomorphic: 39
- materials: 10,37 
Philips Polytome: 56F, 57 
Philips Tomoscan 300:6,33,42 
Philips Tomoscan 310/350: X, 33,34,

34T, 35,40,40T, 42,70,76,77,117, 
134,156T 

Photodiode: 6,189 
Photography, of CT image: 17,18,76, 

141
- test pattern: 18 
Photomultiplier tube: 6,189 
Picker 1200 SX scanner: 34T, 35,35F,

40T, 156T
Pixel: 2,2F, 11,17,36,189
- size,9,11,17,44,48,116,131,189 
Plane: 41
- ABP [see: plane, anthropological 

base]
- anthropological base [see: plane, 

Frankfurt horizontal]
- axiopetrosal: 65,66F, 68T, 69,74F, 

78X106,121,124,125
- canthomeatal: 133F
- coronal: 41,65,66F, 68T, 68F, 69,

71,78T, 84,88,134,140,157,183T, 
187

----prone position: 70,71,134,159
- sitting position: 41
- supine position: 134
- Frankfurt horizontal: 68,69,133, 

133F, 135,159T
- inclined sagittal: 65,66F, 68T, 69,74, 

78X113,117
- longitudinal: 65,66F, 68T, 69,73, 

78X109,117
- nasion-biauricular: 66,66F, 68,70, 

71,79,133F, 137,159X
- neuro-ophthalmic: 133,133F, 134, 

159X
- oblique [see: oblique plane]
- orbitomeatal: 132,133,133F, 159X
- orientation: 41,133F, 159X
- orthogonal [see: orthogonal plane, 

MPR]
- sagittal: 41,65,66,66F, 68X, 72,72F, 

78X, 93,124,134,157,183X, 189
- orbit: 135,136
------ arm through aperture: 136
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Plane, sagittal, orbit,

------ no arm through aperture: 136
------ oblique plane: 136
------ semi prone/semi lateral decubi

tus: 136
------ use of special table (at the rear of

the gantry): 136,137 
------ use ofstandard table top: 136
- parallel to the optic nerve: 136
- temporal bone: 69,72
- scan [see: scan plane]
- semiaxial: 65,66,66F, 68T, 69,72, 

73F,781,98,106,121
- semilongitudinal: 56F, 66,66F, 681, 

69,72,73F,781,103,121
- transverse: 41,42,65,66F, 68,681,

76,77,78,781,133,134,140,157,
158,1831

- Virchow [see: plane, Frankfurt 
horizontal]

Plastic and reconstructive surgery: XI, 43 
Pluridirectional tomography: 41,53, 

54,67T,68F, 116,117,156
- of the orbit: 39,171,172
- of the temporal bone: X, 56F, 65,66, 

69,77,121,122,124,126
- lineof incidence [see: line of 

incidence]
Pneumatization [see: temporal bone, 

pneumatization] 
Pneumo-encephalography: 1 
Point spread function: 11,189
- FWHMof: 11 
Porion: 133F
Pöschl projection [see: axiopetrosal 

plane]
Post-enucleation socket syndrome: XI 
Posterior ampullary nerve: 111 
Posterior canal for chorda tympani 

nerve (T-106) [see: chorda tympani, 
nerve, posterior canal]

Posterior ethmoidal artery/vein: 156T 
Posterior ethmoidal canal (0-76): 145F 
Posterior lacrimal crest (0-56): 144,

144F
Posterior ligament of incus (T-63) [see:

incus, posterior ligament]
Posterior limb of stapes (T-16) [see:

stapes, posterior limb]
Posterior semicircular canal (T-33): 69,

81,81F, 82,82F, 83F, 85F, 86,86F,
92F, 93,95,95F, 96F, 101,101F, 102, 
102F, 105,106,106F, 109,109F.
112F, 113,113F, 114,115T

- ampulla (T-34): 81F, 82F, 83,95,
96F, 101,101F, 105,106F, 108F, 109, 
112F, 113F

Preaponeuroticfatpad (0-85): 147, 
147F, 154F 

Profile [see: view]
Projection [see: radiographic 

projection]
Promontory (T-68): 90,100F, 105,

105F, 107F, 110,115T 
Prusak's space (T-55): 100F, 103F, 104F

Pseudotumor: 156T, 163,168,169F 
PSF [see: point spread function] 
Pterygomaxillary fissure (0-64): 152F 
Pterygopalatine fossa (0-61): 142, 

142F, 143F, 147,147F, 148,148F,
152,152F, 153,153F 

Ptosis: 170 
Pulmography: 1 
Pulse time: 188,189 
Pulsed radiation: 7 
Pyramidal eminence (T-67): 62F, 81, 

81F, 92,115,115T

Q

Quarter detector offset: 10,17,37,189

R

Radiance: 29,189 
Radiation,
- continuous: 7
- dose: 12,19,37,39,45,189
- in CTofthe orbit: 133,138,

157-159
- in CT of the temporal bone: 117
---- skin: 41,47,48,117 
  peak:39
- decrease: 181
- - eye lens: 39,117,133,137,140,158
- increase: 13 
--- volume: 157
- penumbra: 29F
- pulsed: 7 
Radio astronomy: 1 
Radiographic projection: 67T, 68F, 69
- Caldwell: 67T, 68F, 159T, 171
- Chaussé: 67T, 68F
- Dulac-5:67T, 68F
- Dulac-7:67T, 68F, 117
- frontal [see: plane, coronal]
- Guillen [see: plane, semiaxial]
- lateral: 67T,68F
- Mahoney: 67T, 68F, 132,133F,

159T, 173
- Pöschl [see: plane, axiopetrosal]
- steep Stenvers: 69
- Stenvers:-superointernal trans

orbital: 67T, 69
- transnasion: 67T, 68F
- transorbital: 67T, 68F, 69
- Water: 67T,68F, 171,173 
Radiography, projection: X, 53,67T,

68F,172
- direct magnification: 31
- stereoscopic: 171
Ramp filter [see: convolution filter, 

Ramp]
Rearranging divergent into parallel 

beam geometry: 6,36 
Recess of Meckel’s cave (T-82): 81F, 82F 
Reconstruction, image [see: image 

reconstruction]

Recti muscles: 177,183
- aponeurosis: 151,155 
Refresh rate/frequency: 17 
Reid’s base line: 133,159T 
Reordering [see: rearranging] 
Resolved detail size [see: spatial

resolution]
Respiratory motion: 4,183 
Retinoblastoma: XI 
Retrobulbar orbital fat (0-86): 146F, 

149F, 150F, 153F, 156F 
Rotation increment angle [see: view 

increment angle]
Round window (T-28): 81,81F, 90, 

91F, 95,96F, 99,105,105F, 115T, 
116

- niche(T-47):69,80F,81,82F,95, 
96F, 100,100F, 110,111F, 116

S

Sacculary nerve, foramen for: 111 
Sagittal plane [see: plane, sagittal] 
Sample increment: 8F, 9,10,10F, 28F, 

30,32F, 33,189
- decrease: 33,34,36 
Sample width: 8F, 9,9F, 10,30 
Sampling rate: 7
Scala tympani (T-24) [see: cochlea, 

scala tympani]
Scala vestibuli (T-25) [see: cochlea, 

scala vestibuli]
Scan geometry [see: geometry, scan] 
Scan parameters [see: technique 

factors]
Scan plane: 66,71,72,115T, 189 
Scan procedure: 45,46F, 139 
Scan time: 3,4,48T, 189 
Scanned area: 15,33 
Scanner [see: CT scanner]
Scanogram: 70,71,132,133F. 138F,
140
Scatter radiation: 6,189
- rejection: 6 
Scatica: 25
Scintillation crystal, detector: 6,189 
Sclera (O-l): 144F, 146F, 147F, 150F, 

151,156T
Sclerosis [see: otosclerosis]
Scutum (T-54): 89,89F, 93,93F, 99, 

100,100F, 104F
Second generation scanner [see: CT 

scanner, generation, second]
Second genu of facial canal (T-104) 

[see: facial canal, second genu] 
Second turn of cochlea (T-21) [see:

cochlea, second turn]
Segmentation [see: tissue segmen

tation]
Semiaxial plane [see: plane, semiaxial] 
Semicanal of tensor tympani muscle 

(T-61) [see: tensor tympani muscle, 
semicanal]

Semicircular canal: 115,116
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Semilongitudinal plane [see: plane, 
semilongitudinal]

Sensorineural hearing loss: 124 
Shandon Autosharp IV knife 

sharpener: 60
Shape of anatomic structure:
- conical: 114F, 115
- disk: 114F, 155
- filiform: 114F, 125T, 127,128,155
- flat: 114F, 115,155
- funnel: 125T, 126
- infundibuliform: 114F, 115,126,155
- membranous: 114F, 115,155
- spherical: 114F, 115,155
- spiral: 114F, 115
- toroidal: 114F, 115
- tubular: 114F, 115,125T, 127,155 
Sharpness [see: image sharpness]
Short process of incus (T-10) [see:

incus, short process]
Siemens,
- Somatom DR3 scanner: 40T
- Somatom DRH scanner: 34T 
Sigmoid sinus (T-83): 85F, 112F, 113 
Sigmoid sulcus (T-84): 79F, 81F, 82F,

83F, 85F, 87F, 93,93F, 94F, 96F,
97F, 111

Signal-to-noise ratio: 17,40 
Slice: 1,2
- geometry: 26,29F, 160
- increment: 44,136,157
- level: 77,78,78T, 141
- thickness: 7X8,11,26,30,37,48, 

48T, 131
- - collimator: 13,29,33,33F, 39,131, 

160,172
- height: 28,33
- - decrease: 7,12,25,37,39,48,131, 

132F, 156
- increase: 12,37
- influence on MPR: 41
--- limitation by focal spot size: 30
- - of MPR: 41
- - thin: XI, 13,39,65,117,170 
Smoothing filter: 12
Space occupying lesion: 45
- intracanalicular [see: intra- 

canalicular tumor]
- optic nerve: XII, 163
- orbit: XI, 163,164,170
- congenital: XI
- extraconal: 168,168F, 170
- intraconal: 163,167,167F, 169F
- retrobulbar: 163-169
- related to the optic nerve: 163-170 
Spatial frequency: 2,31
Spatial resolution: 7T, 8-10,16,17,25, 

26,45,47F, 48T, 116,117,121,189
- improvement of: 25,30,48,65,131, 

132F, 156
- in Macro Vie w: 48T
- lack of: 65
- measurement of: 10 
Specimen: 53
- embedding: 54

Specimen, embedding,

- in polyurethane foam: 54
- in plastic: 54
- fixed: 60,61F, 77,113F
- fresh: 60,61F, 77
- mounting: 57
- photography: 60,61T
- preparation: 55
- sectioning,
- block sectioning: 57,57T
- collection of 20 micron slice: 59,

59F
--- cryosectioning [see: cryo-

section(ing)]
- staining: 54,77
--- Goldner's collagen staining: 61
- hematoxilin-eosin staining: 61 
--- Mallory-Cason staining: 61,62F
- methylene blue staining: 62 
Sphenoid bone,
- greater wing (0-50): 142,143F-146F, 

149F, 152F
- lesser wing (0-51): 144F-146F, 147,

147F, 152F, 153,153F
Sphenoid (involvement by menin

gioma): 165
Sphenoidal sinus (0-73, T-81): 81F,

82F, 103F, 137F, 142,142F, 143,
143F, 144F, 147F, 148,153F-155F

- septum: 142
Sphenopalatine foramen (0-62): 147,147F 
Spheno-parietal sinus (0-71): 144F 
Spiral lamina of cochlea (bony) (T-23)

[see: cochlea, bony spiral lamina] 
Spongiosis [see: otospongiosis]
Squamosal suture (T-142): 105F, 112F 
Squamous part of temporal bone 

(T-109) [see: temporal bone, squa
mous part]

Squint surgery on unaffected eye: 179,
184,184F

Staining of specimen sections [see:
specimen, staining]

Stapedius muscle (T-66): 62F, 92,92F,
94,94F, 115T, 116

- tendon (T-65): 94F
Stapes (T-14,15,16,17): 37,76,76F,

116
- anterior limb (T-15): 85F
- crura (T-15,16): 81,115T
- footplate (T-17): 48,85F, 116
- head (T-14): 62F, 81,85F
- posterior limb (T-16): 85F
Steep Stenvers projection [see: projec

tion, steep Stenvers]
Stenvers projection [see: projection, 

Stenvers]
Steradian: 189
Styloid process (T-127): 91,91F, 95,

95F, 97F, 100F-102F, 105,105F,
106F, 109F, 111, 112F, 113

- marrow of (T-128): 91,91F, 97F,
101F, 102F, 109,109F, 111, 112F

Stylomastoid foramen (T-108): 91F,
92,92F, 94F, 102F, 112F, 113

Subarachnoid space (0-82): 132,144F, 
149,150F, 165,167

- widening of: 165 
Subarcuate artery: 87 
Subarcuate fossa: 87 
Subarcuate sinus: 87,87F
Sulcus of inferior petrosal sinus (T-85):

78F, 90F, 91F, 106F 
Sulcus of superior petrosal sinus 

(T-86): 92F, 107F
Superior cerebellar artery (T-74): 85F, 

87
Superior ligament of incus [see: incus, 

superior ligament]
Superior ligament of malleus [see:

malleus, superior, ligament]
Superior muscle complex (0-7): 145F, 

146,146F, 147,147F-149F, 151,
151F, 153F, 156T

Superior oblique muscle (0-12): 137F, 
145F, 146,146F, 147,147F, 149F,
150,150F, 15 IF, 154F, 155,155F, 
155T, 156T

Superior oblique tendon, reflected part 
(O-ll): 137F, 146,146F, 147,147F, 
151F, 153F, 154,154F, 155T, 156T

- fibrous tissue: 147
Superior ophthalmic vein (0-27):

137F, 144F, 145F, 146,146F, 147, 
147F, 148,148F, 149,149F-151F,
153F, 154,154F, 155T, 156T 

Superior orbital fissure (0-65): 144, 
144F-146F, 147,147F, 148,148F 

Superior otobasion: 133,133F 
Superior rectus muscle (0-6): 136,146, 

148,149,149F, 150,150F, 154,154F, 
155T, 159,170

Superior semicircular canal (T-31): 
85F-87F, 88,88F, 90,90F, 91,91F,
92F, 93,95,95F, 96F, 99,100,100F, 
101F, 104,105,105F, 106,106F, 107, 
107F, 108,108F, 109,110F-112F,
113,115T

- ampulla(T-32): 86,86F, 90,90F, 95, 
95F, 99,100F, 105F, 107,107F, 113F, 
114

Superior vestibular nerve: 83
- canal of (T-98): 83,83F 
Superointernal transorbital projection

[see: projection, superointernal 
transorbital]

Supraorbital artery (0-21): 149F, 156T 
Supraorbital margin (0-48): 140,151F,

153F
Supraorbital nerve: 156T 
Supratrochlear artery: 156T 
Supratrochlear nerve: 156T 
Surgical planning: 43,69
- endaural approach: 69
- lateral orbitotomy: 170
- transmastoidal approach: 69 
Suture,
- internalpetro-occipital (T-139) [see: 

petro-occipital suture, internal]
- occipitomastoid (T-140) [see:

200



Subject index

Suture,

occipitomastoid suture]
- squamosal (T-142) [see: squamosal 

suture]
Swivel [see: table swivel]

T

Table swivel: 70,70F, 72,75,77,78,
137

Tape, adhesive: 59
- 3M type 660:59
- 3M type 810:59
- 3M type 823:59 
Technique factors: 45,47,48
- forCTof the orbit: 48T
- for CT of the temporal bone: 48T 
Tegmen tympani (T-69): 69,99,100F,

103F, 104F, 113F, 115T 
Tegmen antri (T-70): 93F, 100, 

100F-102F, 105F, 106F 
Temporal bone: 65,121
- CT: 25,65,117
--- history: 25,65
--- technique: 48T
- glenoid cavity (T-129): 78,78F, 85F, 

93F, 94F, 98F, 106F
- mastoid part (T-116): 12,16,93F
- petrous part (T-113): 72,81F, 85F, 

97F
- - apex (T-114): 86F
- pneumatization: 83,83F, 85F, 116
- apical [see: apical petrous cells]
- - lack of: 83F, 125
--- mastoid [see: mastoid air cells]
- periaqueductal [see: periaqueduc

tal cells]
- squamous part (T-109): 76,89F, 91F, 

92F, 98F, 106F
- tympanic part (T-110):78F, 93,95, 

101F, 103F, 108F
--- vaginal process of tympanic bone

(T-lll): 88,89F, 94,94F, 100F,
101F, 109F

- zygomaticprocess (T-112): 78F 
Temporal condyle (T-132): 93F, 94F 
Temporal fossa: 142,148 
Temporalis muscle: 148 
Temporomandibular joint: XI, 93,98 
Tendon of stapedius muscle (T-65):

62F
Tendon of tensor tympani muscle 

(T-59): 62F, 80F, 81,81F, 98,99F,
107,115T

Tensor tympani muscle (T-62): 62F, 
80F, 81,81F, 88,89F 98,98F, 99F, 
103,104F, 110F, 113F, 114,115T,
116

- tendon (T-59) [see: tendon of tensor 
tympani muscle]

- semicanal (T-61): 79,79F, 103F 
Third generation scanner [see: CT

scanner, generation, third]

Three-dimensional surface rendering: 
X, XI, 25,42,44F, 45F, 117,158,
159,160,172F, 181,182F, 189 

Tissue composition: 8 
Tissue contrast: 39,47F, 48
- low: 40
- reductionby freezing: 55
- relative to noise: 39
Tissue interface: 42,47,137,163,165, 

173
- orientation: 42,43F, 65 
Tissue segmentation: 44
- bone: 44
- soft tissue: 44
TMJ [see: temporomandibular joint] 
Tomoscan [see: Philips Tomoscan] 
Torus tubarius (T-52): 103F, 11 IF,

112F
Toshiba, geometric enlargement: 33 
Toxicology: 54 
Tragion: 68,133F 
Tragus (T-144): 72,73,79F, 80F 
‘Tram-track’ sign: 167,167F, 168F 
Translation of X-ray tube and detector: 

3-5
Transmission measurement: 1 
Transorbital projection [see: projec

tion, transorbital]
Transverse plane [see: plane, 

transverse]
Transverse visualization: 42,43F, 114, 

115,155,157 
Trauma: 45
- orbital [see: orbital trauma]
- temporal bone: XI, 116
- spine: 25
Trigeminal cavity [see: Meckel’s cave] 
Trigeminal nerve (N V) (T-97): 85F,

87,152
Trochlea (0-77): 137F, 140,147,147F, 

151,151F, 155,156T
- cartilagenoustissue: 147 
Tube, X-ray: 1,3,7
- cooling: 160
- current: 39
- position: 6,14,33
- overloading: 13,33,39,117 
Tumor: 45,156T
- intracanalicular [see: intra- 

canalicular tumor]
- intra-ocular: XI, 141
- invasion by: 142
- pseudotumor [see: pseudotumor]
- varix [see: varix]
Tympanic annulus: 78
Tympanic bone (T-110) [see: temporal 

bone, tympanic part]
Tympanic cavity (T-45): 69,78,79,82, 

90,93,95,96F, 98,99F100F, 109
- medial wall: 69,107 
Tympanic membrane (T-l): 79,89,

89F, 98,99F, 100,100F, 101,101F, 
103,108,108F, 115,115T

- parsflaccida(T-2): 103,103F, 107, 
107F

Tympanic membrane,

- parstensa(T-3): 100F, 103,103F
- umbo: 99 
Tympanic nerve: 98 
Tympanic part of temporal bone

(T-110) [see: temporal bone, 
tympanic part]

Tympanic sinus (T-48): 80,81,82F, 
85F,92,95,95F,101,101F,102F 

Tympanic sulcus (T-49): 79, 79F, 103 
Tympanoplasty: XI 
Tympanosquamosal fissure (T-141): 

78,78F,93,94,94F,108F

U

Ultrasound imaging: 53 
Undersampling: 17,76

V

Vaginal process of tympanic bone 
(T-lll) [see: temporal bone, 
tympanic part, vaginal process of 
tympanic bone]

Valsalva maneuver: 77,141,141F 
Varix: 141,141F 
VAX 750:44 
Velcro® strap: 70,71,134 
Vestibular aqueduct (T-36): 69, 86, 

86F,95,97F,101,101F,102,102F, 
109,109F,115,115T,125

- distal portion: 86,125,128
--- congenital malformation of: 126,

126F
- obliteration of: 125,125T 
 bony: 125,128
------ fibrous: 128
- - length of: 125,126 
--- shape of: 125T
- visualization in Ménière’s disease: 

XII, 95,121,124,125,125T
------ classification of: 125T, 127,128
- external aperture (T-37): 83F, 109, 

109F,125T
- isthmus: 126
- peripheral portion [see: vestibular 

aqueduct, distal portion]
- proximal portion: 48,116,125 
Vestibular nerve (T-94): 85F 
Vestibule (T-19): 69,81F, 82,82F, 83,

83F,85F, 86,90,91F,92,95,96F,99, 
100F,101F,105,105F,107,107F, 
108,108F,110,111,111F-113F, 114 

Vestibulocochlear nerve (N VIII) 
(T-93): 84,85F 

Videosignal: 17,18
- interlaced: 17,18
- non-interlaced: 17,18 
View: 2-6,26,36,189
- divergent: 26,36,76
- in first generation CT: 5
- in fourth generation CT:6
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View,
- in second generation CT: 5
- in third generation CT:6
- increment angle: 4,8F, 9,10,30,76, 

117,189
- parallel: 5,36
- reordering of divergent into parallel 

[see: rearranging divergent into 
parallel beam geometry]

Virchow plane [see: plane, Frankfurt 
horizontal]

Visual acuity: 17
- decrease of: 165
Visual perception [see: perception, 

visual]
Vitreous body (0-2): 137F, 141,143F, 

144,144F-146F, 151,151F-155F
Volume scan: 3,190
Vorticose vein (0-35): 145,145F, 156T
Voxel: 2,2F, 11,16,44,190
- orientation: 42
- volume: 7T

Voxel, volume,
--- reduction: 25,131,132F

W

Window, display: 17.18F, 76,141,190
- level: 17,76,190
- orbit: 141,183
- temporal bone: 76
- Macro View: 76
- standard: 76
- width: 17,76,190

X

X-ray detector [see: detector, X-ray] 
X-ray fan: 2-6,26,36 
- solid angle of: 33,33T, 40T, 160 
X-ray film [see: film, X-ray]
X-ray geometry [see: geometry, X-ray]

X-ray tube [see: tube, X-ray] 
Xenon gas, detector: 6

Yoke:3-5,33,140,190

Zoom reconstruction [see: image 
reconstruction, zoom]

Zygomatic arch: 148 
Zygomatic bone (0-42): 142F, 144F, 

145F, 147F-151F
Zygomatic fracture [see: fracture, 

zygoma]
Zygomatic process of frontal bone 

(0-47): 137F, 146,146F, 147,147F 
Zygomatic process of temporal bone 

(T-112) [see: temporal bone, 
zygomatic process]



SAMENVATTING

Dit proefschrift beschrijft de ontwikkeling en de 
toepassing van speciale hoge resolutie computer 
tomografische (CT) technieken ten behoeve van 
radiologisch onderzoek van het os temporale en 
de orbita.

De ontwikkelings geschiedenis van CT sedert 
1972 wordt beschreven in termen van de ont
wikkeling van de scan geometrie (scanner genera
tie), verzamelen van de meetgegevens en de 
beeld reconstructie, -weergave en -fotografie 
(Hoofdstuk 1).

Met de basis principes van de CT beeldvorming 
in gedachte is het mogelijk na te gaan welke 
afwegingen er kunnen worden gemaakt ten aan
zien van het realiseren van een goede beeld
kwaliteit onder reële en practische omstandighe
den met als voorwaarde dat de sub-millimeter 
details in het os temporale en in de orbita kunnen 
worden zichtbaar gemaakt (Hoofdstuk 2).

Het fundament van dit proefschrift wordt 
gevormd door een combinatie van de best 
mogelijke hoge resolutie scan parameter keuze 
enerzijds en de flexibiliteit in het positioneren van 
de patient, die het mogelijk maakt het scan vlak 
loodrecht op weefselovergangen van interesse te 
plaatsen of juist parallel aan bepaalde lang
gerekte anatomische structuren (direct multipla- 
nare scan techniek), anderzijds.

Alhoewel deze techniek een groot aantal 
anatomische structuren beter afbeeldt, blijft het 
probleem dat de radioloog meestal niet of onvol
doende bekend is met de anatomie zoals deze zich 
in alternatieve doorsnede vlakken voordoet. 
Daartoe is een cryomicrcotomie techniek toege
past op ongefixeerde diepgevroren anatomische 
preparaten (en waar mogelijk ook nog verbeterd) 
teneinde anatomische doorsnede beelden te ver
krijgen die kunnen worden gecorreleerd met de 
direkt multiplanare CT scans (Hoofdstuk 3).

De keuze van specifieke scan vlakken, het 
positioneren van de patient in die vlakken, het 
voorbereiden en onderzoeken van de patient, de 
normale CT anatomie in vergelijking met de cryo- 
anatomie worden apart besproken voor het os 
temporale (Hoofdstuk 4) en de orbita (Hoofd
stuk 6).

Tevens worden enkele clinische toepassingen 
besproken. In het os temporale wordt de waarde 
van de hoge resolutie CT techniek aangetoond in 
gevallen van cochleaire otospongiose en de af
beelding van het vestibulaire aqueduct in patiën
ten lijdend aan de ziekte van Ménière (Hoofdstuk 
5) en in de orbita wordt dat gedaan aan de hand 
van gevallen waarbij de oogzenuw betrokken is 
bij ruimte innemende processen en bij het onder
steunen van de behandeling van fracturen van de 
orbita bodem (Hoofdstuk 7).
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Nomenclature of the temporal bone

NOMENCLATURE 
OF THE TEMPORAL BONE

Nomenclature of the temporal bone
Both the english (left column) and latin (right column) nomenclatures are given. The numbers refer to 
those used in Figures 3-8 and 4-15 through 4-91. When applicable, these numbers have also been used 
in the subject index and are preceded by a ‘T’.

1 Tympanic membrane 1 Membrana tympani 41 Aditusad antrum 41 Aditus ad antrum 77 Petromastoid canal 77 Canalis petro- 111 Vaginal process of tym 111 Processus vaginalis
2 Pars flaccida of tym 2 Pars flaccida mem- 42 Antrum 42 Antrum tympani mastoideus panic bone partis tympani

panic membrane branae tympani 43 Mesotympanum 43 Mesotympanum 78 Carotid canal (ascend 78 Canalis caroticus (pars 112 Zygomatic process of 112 Processus zygo-
3 Pars tensa of tympanic 3 Pars tensa membranae 44 Hypotympanum 44 Hypotympanum ing part) ascendens) temporal bone maticus ossis

membrane tympani 45 Tympanic cavity 45 Cavum tympani 79 Carotid canal (petrous 79 Canalis caroticus (pars temporalis
4 Manubrium of malleus 4 Manubrium mallei (40,43,44) part) petrosa) 113 Petrous part of tempo 113 Pars petrosa ossis
5 Lateral process of 5 Processus lateralis 46 Oval window niche 46 Fossulafenestrae 80 Foramen lacerum 80 Foramen lacerum ral bone temporalis

malleus mallei vestibuli 81 Sphenoidal sinus 81 Sinus sphenoidalis 114 Apex of petrous bone 114 Apex partis petrosae
6 Neck of malleus 6 Collum mallei 47 Round window niche 47 Fossulafenestrae 82 Recess of Meckel’s 82 Recessus cavi Meckeli 115 Arcuate eminence 115 Eminentia arcuata
7 Head of malleus 7 Caput mallei cochleae cave 116 Mastoid part of tempo 116 Pars mastoidea ossis
8 Incudomalleolarjoint 8 Articulatio incudo- 48 Tympanic sinus 48 Sinus tympani 83 Sigmoid sinus 83 Sinus sigmoideus ral bone temporalis

mallearis 49 Tympanic sulcus 49 Sulcus tympani 84 Sigmoid sulcus 84 Sulcus sinus sigmoidei 117 Mastoid air cells 117 Cellulaemastoideae
9 Body of incus 9 Corpus incudis 50 Bony part of auditory 50 Pars ossea tubae 85 Sulcus of inferior pe 85 Sulcus sinus petros! 118 External perisinusal 118 Cellulae perisinusales

10 Short process of incus 10 Crus breve incudis tube (Eustachian tube) auditivae (Eustachii) trosal sinus inferioris cells externae
11 Long process of incus 11 Cruslongum incudis 51 Pharyngeal opening of 51 Ostium pharyngeum 86 Sulcus of superior pe 86 Sulcus sinus petrosi 119 External periantral cells 119 Cellulae periantrales
12 Lenticular process of 12 Processus lenticularis auditory tube tubae auditivae trosal sinus superioris externae

incus incudis 52 Torus tubarius 52 Torustubarius 87 Jugularbulb 87 Bulbus venae jugularis 120 Intersinusofacial cells 120 Cellulae intersinuso-
13 Incudostapedial joint 13 Articulatio incudo- 53 Lateral wall of attic 53 Paries lateralis 88 Jugular fossa 88 Fossajugularis faciales

stapedia recessus epitympani 89 Jugular spine 89 Processus intraju- 121 Apical petrous cells 121 Cellulae apicis partis
14 Head of stapes 14 Caput stapedis 54 Scutum 54 Scutum gularis temporalis petrosae
15 Anterior limb of stapes 15 Crus anterius stapedis 55 Prussak’s space 55 Area Prussaki 90 Jugulartubercle 90 Tuberculum jugulare 122 Periaqueductal cells 122 Cellulae peri-
16 Posterior limb of stapes 16 Crus posterius stapedis 56 Anterior ligament of 56 Ligamentum mallei an 91 Groove to mixed nerves 91 Pars nervosa foraminis aquaeductae
17 Footplate of stapes 17 Basis stapedis malleus terius (N IX,X,XI) jugularis 123 Epitympanic cells 123 Cellulae epitympanicae
18 Oval window 18 Fenestra vestibuli 57 Lateral ligament of 57 Ligamentum mallei 92 Hypoglossal canal 92 Canalis hypoglossi 124 Koerner septum 124 Septum Koerneri
19 Vestibule 19 Vestibulum malleus laterale (NXII) 125 Mastoid process 125 Processus mastoideus
20 Cochlea (first turn) 20 Basis cochleae 58 Superior ligament of 58 Ligamentum mallei 93 Vestibulocochlear 93 Nervus vestibulo- 126 Angle of Citelli 126 AngulusCitellii
21 Cochlea (second turn) 21 Canalis spiralis coch malleus superius nerve (N VIII) cochlearis 127 Styloid process 127 Processus styloideus

leae 59 Tendon of tensor tym 59 Tendo musculi tensoris 94 Vestibular nerve (N VIII) 94 Nervus vestibularis 128 Marrow of styloid pro 128 Medulla processus
22 Cochlea (cupula) 22 Cupula cochleae pani muscle tympani 95 Cochlear nerve (N VIII) 95 Nervus cochlearis cess styloidei
23 Bony spiral lamina of 23 Lamina spiralis ossea 60 Cochleariform process 60 Processus coch- 96 Facial nerve (N VII) 96 Nervus facialis 129 Glenoid cavity of tem 129 Fossa mandibularis

cochlea cochleae leariformis 97 Trigeminal nerve (N V) 97 Nervus trigeminus poral bone
24 Scala tympani 24 Scala tympani 61 Semicanal of tensor 61 Semicanalis musculi 98 Canal of superior ves 98 Area vestibularis 130 Atlanto-occipital 130 Articulatio atlanto-
25 Scala vestibuli 25 Scala vestibuli tympani muscle tensoris tympani tibular nerve utriculoampullahs articulation occipitalis
26 Modiolus of cochlea 26 Modiolus cochleae 62 Tensortympani muscle 62 Musculus tensor tym 99 Morgagni canal 99 Canaliculus singularis 131 Occipital condyle 131 Condylus occipitalis
27 Canaliculi of cochlear 27 Canaliculi ramorum pani (Morgagni!) 132 Temporal condyle 132 Tuberculum articulare

nerve branches nervi cochleae 63 Posterior ligament of in 63 Ligamentum incudis 100 Facial canal (first part/ 100 Canalis facialis (pars 133 Mandibular condyle 133 Processus condylaris
28 Round window 28 Fenestra cochleae cus posterius petrous portion) petrosa) mandibulae
29 Lateral semicircular 29 Canalis semicircularis 64 Superior ligament of in 64 Ligamentum incudis 101 Fossa of geniculate 101 Fossula ganglion geni- 134 Anterior condyloid 134 Foramen canalis con

canal lateralis cus superius ganglion culi foramen dylaris anterius
30 Ampulla of lateral semi 30 Ampulla ossea lateralis 65 Tendon of stapedius 65 Tendo musculi stapedii 102 Canal of greater petro 102 Canalis nervi petrosi 135 Foramen spinosum 135 Foramen spinosum

circular canal muscle sal nerve majoris 136 Jacobson’s canal 136 Canaliculus nervi
31 Superior semicircular 31 Canalis semicircularis 66 Stapedius muscle 66 Musculus stapedius 103 Facial canal (second 103 Canalis facialis (pars tympani

canal anterior 67 Pyramidal eminence 67 Eminentia pyramidalis part/tympanic portion) tympanica) 137 Petrotympanic fissure 137 Fissura petrotympanica
32 Ampulla of superior 32 Ampulla ossea anterior 68 Promontory 68 Promontorium 104 Second genu of facial 104 Canalis facialis (genu 138 Petrosquamosal fissure 138 Fissura petrosquamosa

semicircular canal 69 Tegmen tympani 69 Tegmen tympani canal secundum) 139 Internal petro-occipital 139 Fissura petro-
33 Posterior semicircular 33 Canalis semicircularis 70 Tegmen antri 70 Tegmen antri 105 Facial canal (third part/ 105 Canalis facialis (pars suture occipitalis interna

canal posterior 71 Internal acoustic 71 Meatus acusticus mastoid portion) mastoidea) 140 Occipitomastoid suture 140 Suturaoccipito-
34 Ampulla of posterior 34 Ampulla ossea meatus internus 106 Posterior canal for 106 Canaliculus chordae mastoidea

semicircular canal posterior 72 Fundus of internal 72 Fundus meatus acustici chorda tympani nerve tympani 141 Tympanosquamosal 141 Fissura tympano-
35 Common crus 35 Crus osseum commune acoustic meatus interni 107 Chorda tympani 107 Chorda tympani fissure squamosa (Fissura
36 Vestibular aqueduct 36 Aqueductus vestibuli 73 Falciform crest 73 Crista transversa 108 Stylomastoid foramen 108 Foramen stylo- (Glaser’s fissure) Glaseri)
37 External aperture of 37 Apertura externa 74 Superior cerebellar ar 74 Arteriacerebelli mastoideum 142 Squamosal suture 142 Sutura squamosa

vestibular aqueduct aqueductus vestibuli tery superior 109 Squamous part of tem 109 Pars squamosa ossis 143 Auricle 143 Auricula
38 Cochlear aqueduct 38 Aqueductus cochleae 75 Meatal loop of anterior 75 Arteriacerebelli inferior poral bone temporalis 144 Tragus 144 Tragus
39 External acoustic 39 Meatus acusticus inferior cerebellar artery anterior (arcus meatus) 110 Tympanic part of tem 110 Pars tympanica ossis

meatus extern us 76 Anterior inferior cere 76 Arteriacerebelli inferior poral bone temporalis
40 Attic (epitympanic 40 Recessus epitym- bellar artery anterior

recess) panicus
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Nomenclature of the orbit

NOMENCLATURE 
OF THE ORBIT

Nomenclature of the orbit
Both the english (left column) and latin (right column) 
those used in Figures 6-9 and 6-15 through 6-39. When 
in the subject index and are preceded by an ‘O’.

nomenclatures are given. The numbers refer to 
applicable, these numbers have also been used

1 Sclera 1 Tunica fibrosa bulb! 39
2 Vitreous body 2 Corpus vitreum 40
3 Lens 3 Lens 41
4 Anterior chamber 4 Camera anterior bulbi 42
5 Levator palpebrae 5 Musculus levator pal 43

superiohs muscle pebrae superioris 44
6 Superior rectus muscle 6 Musculus rectus

superior 45
7 Superior muscle com 7 Complexus musculi 46

plex (Nos. 5 + 6) superioris 47
8 Inferior rectus muscle 8 Musculus rectus

inferior 48
9 Medial rectus muscle 9 Musculus rectus 49

medialis
10 Lateral rectus muscle 10 Musculus rectus 50

lateralis
11 Superior oblique ten 11 Tendoobliquus 51

don (reflected part) superior
12 Superior oblique 12 Musculus obliquus 52

muscle superior
13 Inferior oblique muscle 13 Musculus obliquus 53

inferior 54
14 Müller’s muscle 14 Musculus orbitalis 55
15 Medial palpebral 15 Ligamentum palpebrale

ligament mediale 56
16 Lateral palpebral 16 Ligamentum palpebrale

ligament laterale 57
17 Medial check ligament 17 (no latin equivalent) 58
18 Lateral check ligament 18 (no latin equivalent)
19 Orbicularis muscle 19 Musculus orbicularis 59

oculi
20 Ophthalmic artery 20 Arteriaophthalmica 60
21 Supraorbital artery 21 Arteriasupraorbitalis 61
22 Lacrimal artery 22 Arteria lacrimalis 62
23 Long posterior ciliary 23 Arteria ciliaris posterior

artery longus 63
24 Inferior muscular arte 24 Ramus muscularis 64

rial branch arteriae ophthalmicae
25 Internal carotid artery 25 Arteria carotis interna 65
26 Anterior ethmoidal ar 26 Arteria/Vena

tery/vein ethmoidalis anterior 66
27 Superior ophthalmic 27 Venaophthalmica 67

vein superior 68
28 Medial ophthalmic vein 28 Venaophthalmica 69

medialis 70
29 Inferior ophthalmic vein 29 Venaophthalmica 71

inferior 72
30 Angular vein 30 Vena angularis 73
31 Facial vein 31 Vena facialis 74
32 Lacrimal vein 32 Vena lacrimalis 75
33 Medial collateral vein 33 Venacollateralis

medialis 76
34 Lateral collateral vein 34 Vena collateralis

lateralis 77
35 Vorticose vein 35 Vena vorticosa 78
36 Optic nerve 36 Nervus opticus 79
37 Frontal nerve 37 Nervus frontalis 80
38 Oculomotor nerve 38 Nervus oculomotorius 81

Nasociliary nerve 
Ciliary ganglion 
Abducens nerve 
Zygomatic bone 
Maxilla
Frontal process of 
maxilla
Infraorbital margin 
Frontal bone 
Zygomatic process of 
frontal bone 
Supraorbital margin 
Orbital plate of ethmoid 
bone
Greater wing of 
sphenoid bone 
Lesser wing of 
sphenoid bone 
Orbital process of 
palatine bone 
Lacrimal bone 
Nasal bone 
Anterior lacrimal crest

Posterior lacrimal crest

Crista galli 
Coronoid process of 
the mandible 
Anterior clinoid process

Hypophyseal fossa 
Pterygopalatine fossa 
Sphenopalatine 
foramen
Foramen rotundum
Pterygomaxillary
fissure
Superior orbital fissure 

Inferior orbital fissure
Optic canal 
Infraorbital canal 
Maxillary sinus 
Frontal sinus 
Spheno-parietal sinus 
Nasal cavity 
Sphenoidal sinus 
Ethmoidal sinus 
Anterior ethmoidal
canal
Posterior ethmoidal
canal 
Trochlea 
Lacrimal gland 
Lacrimal sac 
Nasolacrimal canal 
Dura mater

39
40
41
42
43
44

45
46
47

48
49

50

51

52

53
54
55

56

57
58

59

60 
61 
62

63
64

65

66
67
68
69
70
71
72
73
74
75

76

77
78
79
80 
81

Nervus nasociliaris 
Ganglion ciliare 
Nervus abducens 
Os zygomaticum 
Maxilla
Processus frontalis 
maxillae
Margo orbitalis inferior 
Os frontale 
Processus zygomati- 
cusossis frontalis 
Margo orbitalis superior 
Lamina orbitalis ossis 
ethmoidalis 
Ala major ossis 
sphenoidalis 
Ala minor ossis 
sphenoidalis 
Processus orbitalis 
ossis palatini 
Oslacrimale 
Os nasale 
Crista lacrimalis 
anterior
Crista lacrimalis 
posterior 
Crista galli
Processus coronoideus 
mandibulae 
Processus clinoideus 
anterior
Fossa hypophysea 
Fossa pterygopalatina 
Foramen spheno- 
palatina
Foramen rotundum 
Fissura pterygo- 
maxillaris 
Fissura orbitalis 
superior
Fissura orbitalis inferior 
Canalis opticus 
Canalis infraorbitalis 
Sinus maxillaris 
Sinus frontalis 
Sinus sphenoparietalis 
Cavum nasi 
Sinus sphenoidalis 
Sinus ethmoidalis 
Canalis ethmoidalis 
anterior
Canalis ethmoidalis
posterior
Trochlea
Glandula lacrimalis 
Saccus lacrimalis 
Canalis nasolacrimalis 
Dura mater

82 Subarachnoid space 82 Spatium
subarachnoidale

86 Retrobulbar orbital fat 86 Corpus adiposum
orbitae (pars retro-

83 Orbital septum 83 Septum orbitale bulbaris)
84 Eyelid 84 Palpebra
85 Preaponeurotic fat pad 85 Corpus adiposum 

orbitae (pars prae- 
aponeurotica)
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STELLINGEN

1. De uitspraak van Turski et al. en Hammerschlag et al. 
dat sagittale beelden van respectievelijk het os tempo
rale en de orbita slechts verkregen kunnen worden 
door middel van multiplanar reformatting is onjuist. 
Direkt sagittale CT scans van het os temporale en de 
orbita kunnen zelfs routinematig worden vervaardigd.

- P. Turski, D. Norman, J. DeGroot, R. Capra: High-resolution 
CT of the petrous bone: direct vs. reformatted images. AJNR, 
3 (1982) 391-394.

- S.B. Hammerschlag, S. Hughes, G.V. O'Reilly, M.H. 
Naheedy, C.L. Rumbaugh: Blow-out fractures of the orbit: a 
comparison of computed tomography and conventional radiog
raphy with anatomical correlation. Radiology, 143 (1982) 487- 
492.

- Dit proefschrift, hoofdstukken 4 en 6.

2. De uitspraak van Zilkha dat multiplanar reformatting 
het direkt scannen in het coronale en sagittale vlak 
overbodig kan maken, geldt niet voor gecompliceerde 
pathologie waarbij kleine of subtiele weefselover- 
gangen een rol spelen en heeft derhalve in 
omgekeerde vorm een grotere geldigheid (mits de 
juiste CT scanner beschikbaar is).

- A. Zilkha: Multiplanar reconstruction in computed tomogra
phy of the orbit. Computerized Radiol., 6 (1982) 57-62.

- Dit proefschrift, hoofstukken 5 en 7.

3. Inklemming van de inferior rectus spier in een frac
tuur van de orbitabodem als verklaring voor 
motiliteitsbeperking van het oog berust op een 
klinische interpretatie die door modern CT onderzoek 
niet kan worden bevestigd.

- J.M. Converse, B. Smith: Editorial on the treatment of blow
out fractures of the orbit. Plast. Rec. Surg., 62 (1978) 100-104.

- Dit proefschrift, hoofdstuk 7.

4. Bij het CT onderzoek van orbitabodem fracturen kan 
niet verwacht worden dat transversale scans een 
wezenlijke bijdrage leveren aan de diagnostiek.

- Dit proefschrift, hoofdstuk 7.

5. Hoge-resolutie direkt multiplanare CT, mits gecom
bineerd met een direkte betrokkenheid van zowel de 
radioloog als de refererend klinicus, kan bij gecom
pliceerde of gedetailleerde aandoeningen de 
mogelijkheid bieden voor een doeltreffende indi
viduele diagnostiek en daardoor ook individuele 
therapie.

- Dit proefschrift.

6. Computer tomografie (CT) en kernspin tomografie 
(MRI) zijn complementaire beeldvormende tech
nieken.

7. Uit de hoek tussen het vlak van het laterale halfcir
kelvormige kanaal en het vlak door de achterzijde van 
de clivus (welke uit sagittale scans kunnen worden 
bepaald), in vergelijking tussen de huidige mens en 
fossiele hominiden (Australopithecus africanus), kan 
worden afgeleid dat bij de laatsten de nek ongeveer 
twintig graden minder verticaal verliep en het hoofd 
dus verder naar voren geplaatst moet zijn geweest dan 
bij de huidige mens.

- F.W. Zonneveld. J. Wind: High resolution computed tomogra
phy of fossil hominid skulls: a new method and some results. In: 
RV. Tobias Ed.: The past, present and future of hominid 
evolutionary studies. Alan Liss, New York (1985) 427-436.

8. Drie-dimensionale reconstructies gebaseerd op hoge- 
resolutie CT scans kunnen een belangrijke bijdrage 
leveren aan de analyse vap complexe craniofaciale 
misvormingen.

- EW. Zonneveld, J.C. van der Meulen et al.: Three-dimension
al imaging and manipulation of CT data. Part II. Clinical 
applications in orthopaedic and caniofacial surgery. 
Medicamundi, 32/3 (1987).

9. Onderzoek protocollen dienen te worden gebruikt om 
onnodige variabiliteit tussen onderzoeken tegen te 
gaan en niet als middel om het onderzoek geheel aan 
de laboranten over te laten.

10. Bij enucleatie dient een primair implantaat aange
bracht te worden. Dit voorkomt de ernstige cos
metische problematiek van het post-enucleatie socket 
syndroom.

11. Bestudering van het ”oor-deel” bevordert het vinden 
van de ”oor-zaak”.

12. Niet arbeidsverdeling maar arbeid zelf creëert 
werkgelegenheid.

13. Het doen van goed onderzoek en het effectief pro
testeren tegen bezuinigingsmaatregelen zijn in één 
persoon niet verenigbaar. Dit is er mede de oorzaak 
van dat dit type maatregelen meestal een averechtse 
uitwerking hebben.

14. Promoveren is een asociale bezigheid met een (zie 
stelling 12) sociaal resultaat.

Stellingen behorend bij het proefschrift:
’’Computed Tomography of the Temporal Bone and Orbit.
Technique of Direct Multiplanar, High-resolution CT and
Correlative Cryosectional Anatomy”.

F. W. Zonneveld.
20 oktober, 1987.
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