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ABSTRACT 3

A RELOCATABLE HEAD FRAME FOR
THE GEOMETRIC CORRELATION OF
BRAIN IMAGES AND THEIR INTEGRATION
WITH STEREOTACTIC PROCEDURES

ABSTRACT

Brain images from Co!mputen'sed Tomography (CT), Magnetic Resonance Imaging (MRI), Magnetic
Resonance Spectroscopy (MRS), and Positron Emission Tomography (PET), contain complementary
anatomical and physiological information. The precise geometric correlation of these different imaging
modalities and their integration with stereotactically guided procedures is of critical importance for

neurological research, diagnosis and treatment.

Classical stereotactic surgery has required an invasive method of fixation to the head which has been a
definite constraint on the frequency with which a frame may be applied for multiple imaging and guided
procedures. The problem of integrating multiple brain images with stereotactic procedures has been solved
by the development of a stereotactic frame which can be rigidly fixed to the head non-invasively and which
is accurately relocatable. Brain images are spatially matched with reference to the frame in a 3D computer

matrix and can be displayed in any combination or form.

The system has been tested and applied in a number of clinical settings including lesion biopsy and
correlation of histology with image data, functional thalamotomy, serial follow up of gliomas and focused

irradiation of brain tumours and arterio-venous malformations.
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THE PROBLEM

Brain images from X-ray Computerised Tomography (CT), Magnetic Resonance Imaging (MRI), Magnetic
Resonance Spectroscopy (MRS), Positron Emission Tomography (PET), and Single Photon Emission
Tomography (SPECT) contain complimentary anatomical and physiological information. The precise
geometric correlation of these different imaging modalities and their integration with stereotactic guided
procedures is of critical importance for neurological research, diagnosis and treatment. At present there is

no practical method for such integration.
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HISTORICAL BACKGROUND

1. Brain Imaging

X-Rays

The discovery of X-Rays by Roentgen in 1895 heralded a new era in the practice of medicine. The value
of being able to ’see into the body’ in a painless and non destructive way was immediately appreciated and
rapidly utilised in many fields. As early as the end of the nineteenth century Rontgengrams of the skull had
been obtained, and attempts to demonstrate or localise brain tumours had been made. Church (1899) for
instance described a case in which Xrays showed what appeared to be a nodular tumour. At necroscopy
a tumour of the same appearance was found.

In 1896 the Swedish physician Stenbeck (1900) obtained lateral and antero-posterior views of the skull of
a patient with gunshot wounds to the head. With these combined views a bullet was localised to the occipital
region and successfully removed at surgery. This case was reported by Henschen (1897) at a congress in
Moscow and was probably the first case in which an intracranial lesion was exactly localised with Xrays
and treated successfully by surgery.

The Rontgenographic appearance of the skull as well as some changes produced by intracranial tumours
were known by the second decade of the twentieth century. However a review by Heuer and Dandy (1916)
revealed that of one hundred consecutive brain tumours proved at operation the tumour was distinguishable

on radiographs in only six cases. An additional nine had been detected because of bone destruction.

Ventriculography

Although air had been observed in the cranium following fractures (Luckett 1913), the use of air as a
contrast medium for examination of the intracranial spaces was not suggested until 1918. Dandy,
successfully introduced air directly into the human ventricular system and later via lumbar puncture without
ill effect. In his report Dandy (1918) concluded that ’ from the data obtainable from the combination of
intraventricular and intraspinous injections, it is difficult to see how intracranial tumours can escape
location.’

Air ventriculography subsequently became widely used. The distortion and displacement produced in the
ventricular system by expanding or atrophic lesions allowed conclusions to be drawn about the site and size
of intracranial lesions. In addition, the identification of the anterior and posterior commissures of the third
ventricle provided internal landmarks to aid target localisation for functional neurosurgical procedures
(Talairach et al. 1957). The technique was not without serious complications and there were a number of
early fatalities. Despite Dandys confidant predictions of its diagnostic value a review of the literature by
Grant (1925) revealed that among 392 patients examined by ventriculography a correct diagnosis was
obtained in only 124.

In order to improve radiodiagnostic definition lipid soluble (Sicard and Forestier 1922) and later water
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soluble contrast media (Kandel and Chebotaryova 1972) were introduced for ventriculography, but again
they were not without complication and did not significantly contribute to the specificity or sensitivity of

neurological diagnosis.

Angiography

The Portuguese neurologist Moniz (1927), proposed the introduction of contrast agents either intravenously
or by mouth by which the brain could become directly visible on the roentgenogram. After experiments
using different contrast agents injected intravenously into dogs and then into human subjects ( who were
either insane or had grave neurological disturbances) he successfully obtained views of the cerebral vessels
with sodium iodide. In 1936 Loman and Myerson (1936) reported the use of direct carotid puncture to
introduce contrast into the cerebral circulation. Subsequently selective and highly selective angiographic
techniques were developed (Lindgren 1956).

Cerebral angiography was initially employed in much the same way as ventriculography in that the
displacement of vessels or abnormal vasculature would indicate the anatomical site of a cerebral lesion. The
initial lack of safe contrast materials however limited its use to patients in whom pneumography did not
give definite information regarding the presence of an expanding lesion. Nowadays with safer contrast
agents it is primarily reserved for those patients suspected of having vascular malformations and

occasionally as a pre operative method for mapping the vascular relations and supply of tumours.

Radio isotopes

Moore et al. (1950) reported the use of radioisotopes to detect intracranial tumours. They used I'*! which
is a negatively charged gamma-emitter that will not normally cross the blood brain barrier. When the blood
brain barrier is breached as occurs in the presence of a tumour the isotope accumulates within it. By
injecting I'* intravenously and applying a geiger counter over the head a tumour could therefore be crudely
localised.

During the latter part of the 1950’s and the 1960’s scintillation counters and gamma-cameras were
developed and short lived isotopes such as ®™Tc and '"*In were introduced. The technique for measuring
regional blood flow using gaseous '¥Xe was also developed. The images produced by these latter methods
however had poor spatial resolution and a high false negative rate for detecting tumours (Isherwood and
Testa 1984).

Computerised Tomography

Not until the 1970’s did diagnostic imaging again witness an epoch-making development of similar
magnitude to Roentgen’s discovery. The evolution of modern computers coupled with the development of
a mathematical solution to image construction using a quantitative tomographic technique (Hounsfield 1973
and 1980) sparked a literal revolution in medical imaging. Within the decade several new imaging
modalities were brought into clinical practice, including Xray Computed Tomography (Ambrose 1973),
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but of course this information is not presented as an image.
In Single Photon Emission Computed Tomography (SPECT) the pixel intensity reflects the energy emitted
from inhaled or injected gamma-emitting radioisotopes or radiopharmaceuticals in the tissue under

examination. -

Positron emission tomography makes use of short lived isotopes that emit positrons. When these are
annihilated by colliding with electrons they give rise to high energy gamma rays which are emitted at 180°
to each other. A ring of crystal detectors connected to an electronic coincidence circuit is used to register
only rays detected simultaneously at points opposite to one another. Using mathematical techxiiques similar
to those employed in xray CT, emission events are recorded from many angles of view and the two

dimensional distribution and magnitude of the gamma radiation is computed.

These imaging methods can each provide unique information about the structure under consideration. The
advantages and limitations of each modality depend on the particular medical or biological information
sought. CT and MRI images of the brain clearly determine anatomic and morphological features but provide
little functional information. MRS, PET and SPECT on the other hand display elements of brain function
and metabolism which can be quantified in vivo but delineate anatomy poorly.

Structural Imaging
The advantage of CT over MRI in neuroimaging is that CT will demonstrate cortical bone that is poorly seen
on MRI. The freedom from bone artifact on MR images, however makes MR more useful in demonstrating

tumours in the middle and posterior cranial fossae and enplaque dural lesions.

It is possible to identif); a tumour type with a high degree of confidence on both CT and MR images. CT
is better than MR in demonstrating those tumours containing calcification, but the characteristic variation
in T, and T, relaxation times gives MR greater specificity in identifying a number of other tumour types.
For example neoplasms such as those containing hydrogenated triglycerides or haemorrhage have short T,
relaxation times whereas the solid cholesterol in many epidermoids give a very long T, relaxation time

(Hadley and Paterson 1989). Metastases tend to have a short T, relaxation time on MR.

The high contrast differences of most tumours caused by increased T, and T, relaxation times give MR an
increased sensitivity compared to CT. This is particularly so in identifying low grade gliomas. A
disadvantage of MR imaging tumours is that extensive peritumoural oedema produces a similar increase in
T, and T, signal to that of the tumour mass which can make it difficult to separate the two processes. The
intravenous injection of the MR contrast agent Gadolinuim (GADTPA)' will assist in identifying the margin

'(Magnevist® Schering Health Care, UK)
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between solid tumour and oedematous brain in those tumours with neovascularity in much the same way as
contrast enhanced CT (Earnest and Kelly 1988).

MR has now become an alternative to CT for the investigation of nearly all intracranial disorders (Bradley
and Bydder 1990). It is superior to CT in the assessment of hydrocephalus (Guthrie and Davis 1989) and
demyelination (Ormerod et al. 1987),and will readily distinguish aneurysms, AVM’s, benign cysts and fatty
lesions from tumours which can often be difficult using CT alone.

MR has a further advantage over CT in that it provides information about the patency of the extra cranial
and major intracranial vessels. Rapidly flowing blood is seen as a ’flow void’ on MR images, and with
appropriate sequencing projectional angiograms may be produced. This three dimensional assessment of
cerebral vessels is on the brink of competing with conventional angiography (Masaryk et al 1989).

Functional Imaging
Magnetic Resonance Spectroscopy has been used primarily as a research tool in the study of normal and
abnormal brain function. 'P) MRS detects phosphate containing compounds including Phosphocreatinine
(PCr), Adenosine Triphosphate (ATP), Inorganic Phosphate (Pi), Phosphomonoester (PME), and
Phosphodiester (PDE). In addition the chemical shift of inorganic phosphate can be used to quantify tissue
pH. ('P) therefore provides information concerning tissue energy metabolism and phospholipid metabolism.
Proton ("H) MRS detects the protons in tissue metabolites such as the amino acids lactate, N-acetyl
aspartate,aspartic acid and choline. (**C) MRS can be used to monitor metabolic pathways and (*’F) MRS

can be used to measure concentrations of fluoride - containing drugs.

Ischaemia and infarction have been associated with diminished concentrations of PCr and ATP and an
increase in the break down products of Pi. The ischaemic area around infarcted brain shows high lactic acid
concentrations (Berkelbach Van der Sprenkel et al. 1988). Phosphorous spectroscopy has been used to
demonstrate that in patients with temporal lobe epilepsy the pH of the affected lobe is alkaline compared to
the normal pH of 7.0. Such findings occur even when there is no significant abnormality seen on MRI
(Hubesch et al. 1989) |

Brain tumours are associated with increased intracellular pH (Hubesch et al. 1990). The amino acid N-
acetylaspartate which is abundant in neural tissue has been shown to be reduced in brain tumours, in addition
there may be increased peaks for aspartic acid and choline (an important component of phospholipid
metabolism). Specific alterations in the concentrations of these metabolites may make it possible to accurately
diagnose the type and grade of a brain tumour. (Bruhn et al. 1989, Gill et al. 1989, 1990).

The applications of PET and SPECT in brain research and diagnosis are ever increasing. The rate limiting
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step with both modalities is primarily the development of suitable radio labelled compounds. Positron
emitting isotopes include 'O, "'C, '®F, '*N and ™"Br. Their short half lives generally necessitate an on-line
cyclotron for the PET method. In contrast SPECT allows the use of a wider variety of radionuclides and
labelled compounds with longer half lives where an on-line cyclotron is not & prerequisite.

The most important advantage of PET compared to SPECT is the ability to correct for loss of signal due
to tissue attenuation of the emitted gamma rays. This has meant that SPECT remains primarily a qualitative
imaging technique, whereas PET will provide quantitive imaging of regional function and ’biochemistry
within the brain using tracer kinetic modelling. The considerable expense of the PET technique has however
confined its use to a few specialised centres and therefore limits its general diagnostic application.

SPECT has had its greatest application in mapping regional cerebral blood flow and perfusion. These can
be quantified using freely diffusible agents such as the inert gasses '**Xe and '®'"Kr. Alternatively tracers
such as '2I N-isopropyl-p-iodoamphetamine (IMP) and Hexamethylpropyleneamine oxime (HMPAO) can
be used. These are extracted in proportion to flow and then trapped in cerebral tissues providing an
essentially static distribution during the scanning procedure.

Using these methods variations in regional blood flow in the brain in response to various physical and
medical stimuli have been studied (Lassen et al. 1978). Blood flow changes in various disease states such
as stroke, epilepsy, tumours and trauma have also been assessed. (Bonte et al. 1982, Raynaud et al. 1987,
Bushnell et al. 1989).

A number of labelled tracers have been used in SPECT imaging to identify and define binding to
neurotransmitter receptors (Drayer et al. 1982). As more research in the area of brain function continues
and biochemical details regarding neurotransmitters are discovered, more of the receptor sites of the
estimated 100 to 200 neurotransmitters will become likely candidates for imaging using suitably labled
agents. This will provide not only a better understanding of normal brain function but will enable specific

abnormalities and biochemical imbalances in disease to be evaluated non invasively.

To date most PET studies have been directed towards elucidation of normal and pathologic physiology and
have been performed in a research environment. PET has been used extensively to map regional changes
in cerebral blood flow brought about by specific tasks or manipulations using flow tracers such as oxygen'*
labelled water or ['?’NJammonia. These techniques facilitate functional mapping of the human cortex (Reivich
1982) and have been applied to the study of biochemical and psychiatric disorders (Reiman et al. 1984).

PET will provide quantitative images of the density and / or affinity of several important post-synaptic
receptors ( Dopamine D, and D, receptors, central and peripheral type of benzodiazepine binding sites,
serotonin, SHT, U opiate and muscarinic receptors). It can also be used to investigate the presynaptic
dopamine reuptake siteé and the activity of key enzymes of the catecholamine system (Wagner et al. 1983).
In addition to the investigation of neurological and mental diseases, this approach is being increasingly used

during drug therapy to measure the occupancy of a given receptor in the brain.
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With increasing experience it has become apparent that PET studies are useful not only in understanding
normal function and pathological functional changes but also in diagnosis, prognostication and treatment
planning as part of the clinical evaluation of individual patients.

In most diseases chemical changes occur prior to anatomic changes. PET can detect functional abnormalities
before anatomic changes have occurred, as for example in epilepsy (Engel et al. 1982). Focal abnormalities
may be identified with PET when CT and MRI show no abnormality and even when EEG data are unable
to identify a unique focus. PET scans obtained in patients with partial seizures demonstrate zones of
hypometabolism in 70% during the interictal period using 18 Fluro-2-deoxyglucose (FDG), (Kuhl et al.
1980). PET is also capable of detecting carriers of the Huntingdons gene before the disease presents
clinically, (Kuhl et al. 1982). More recently it has been suggested that Parkinson disease and Alzheimer
disease may also be detected preclinically by changes in the pattern of resting cerebral metabolism, (McGeer
et al. 1986).

A further area where PET has provided important clinical information is in patients with Gliomas. The
evaluation of glucose metabolism in brain tumours using FDG has been used extensively in diagnosis and
management. PET-FDG is able to distinguish high grade malignant gliomas (III & IV) from slower growing,
low grade tumours (I & II), (Di Chiro 1986). PET-FDG can differentiate necrosis due to treatment
(radiotherapy or chemotherapy) from recurrent tumour when CT and MRI are unable to differentiate between
them, (Di Chiro et al. i987).

The assessment of tumoral protein synthesis has been attempted with a number of amino acids. 'C-
Methionine is taken up by high and low grade gliomas and will define the extent of viable tumour more
precisely than CT and MR scanning (Mosskin et al. 1989). However its mechanism of uptake appears to be
related mainly to its capillary transport rather than to increased amino acid requirements for protein
synthesis.

More recently it has been possible to image peripheral benzodiazepine receptors using !C-ligands, (Junck
et al. 1989). These may be involved in regulation of glial cell proliferation. Tumour cells proliferation may

theoretically be quantified in vivo by the use of [''C]-thymidine which is currently being assessed.
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2. Correlation of multiple brain images

At the present time many patients undergo more than one type of brain imaging during their diagnostic
work up. This is because a combination of images will often describe an abnormality more fully than the
images obtained with any single modality. In addition patients with progressive neurological disorders or
undergoing treatment will be monitored by repeating images using the same modality. These images from
different studies are generally correlated qualitatively in the mind of the physician or surgeon reviewing
them. However the image data from CT, MRI, MRS, PET and SPECT are in digital form and it is
therefore possible to correlate these data quantitatively by computer.

The ability to precisely match this complimentary information and display it in a desired combination and
form is of the utmost importance for neurological research, diagnosis, treatment planning and monitoring.
Such quantitative correlation will for example facilitate the study of basic structure / function relationships
in normal subjects and in those with physiological or behavioral disturbances. Epileptic foci localised with
PET or SPECT may be correlated with CT or MR images and allow accurate surgical planning. The
correlation of CT with MR imaging would be useful in defining CT detected skeletal lesions or
calcifications in the context of an MR depiction of soft tissue anatomy. This combination would also be
useful in radiotherapy planning where MRI may best demonstrate the anatomy of the target lesion, but
where CT is needed to provide a map of the radiation attenuation coefficient so that dose distributions can
be calculated.

Functional images of brain tumours using PET or MRS may provide the most accurate information as to
the tumour type, grade and extent of spread. PET will also differentiate radionecrosis from recurrent
tumour. When these images are correlated precisely with CT or MRI this information can be placed in its
anatomical context for accurate treatment planning or monitoring. The correlation of PET or SPECT studies
with MR or CT would be useful in planning and evaluating tumour therapy using radiolabelled monoclonal
antibodies.

The precise matching of serial images using the same modality will enable a chosen parameter to be
measured repeatedly at the same location in the brain and so allow truly objective comparison. This would
be of value in monitoring tumour growth or metabolism in response to therapy, but could of course be
applied to quantitative monitoring of a large number of progressive neurological diseases such as multiple
sclerosis, Parkinsons disease, or Alzheimers disease. A potential future application would be in monitoring
the viability of grafted neural tissue using PET imaging where areas of new innervation could be precisely

defined anatomically.
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Routine clinical imaging studies are not (and often can not be) performed with rigorous attention to
reproducible patient positioning. Even under ideal conditions using crossed laser alignment with surface
landmarks on the head, repositioning accuracy at best approaches 5 mm. Correlations at this level of
accuracy are not of sufficient value to motivate their use. The potential advantages from using all of the
available information in multiple imaging studies are therefore not realised. Image correlation with a three
dimensional accuracy to within the voxel size of the matched image with the lowest spacial resolution
should in my view be regarded as the gold standard. Examples of the voxel sizes for the different imaging
modalities are 0.5 x 0.5 x 1.5 mm for CT, 1 x 1 x 3 mm for MRI, 10 x 10 x 10 mm for MRS, 4 x 4 x
7 mm for PET and 10 x 10 x 10 mm for SPECT. Thus correlation of CT with CT images should idealy
be achieved to within 1-2 mm, CT with MRI to within 3mm etc.

To achieve geometric correlation of multiple brain images with this level of accuracy, any technique must
take into account the position of the patients head during different studies and variability between imagers
in their form of data éollection. Image data from the different modalities will vary in the axial slice
fhickness, intersection gap, section number, matrix size and pixel size. In addition the data from different
imagers will vary in their computer formats and so will generally require reformatting prior to being

entered into a suitable computer programme for correlation and display.

IMAGE CORRELATION METHODS

Methods by which multiple brain images may be correlated fall into two groups and are shown in (fig 1).
In the first group the patients head is precisely repositioned in each imager and data collected from a
defined base line. This ensures that the image volumes are aligned without variation in rotation or
translation.

When the image data is reformatted so that it can be read by an appropriate computer algorithm, coordinate
transformation requires only the rescaling of the image sets. Rescaling involves the adjustment of pixel size

and reslicing of the image volumes to match a selected ’primary image’.

In the second group, patients heads are randomly positioned in each imager and so when the image sets are
reformatted and processed by the computer, coordinate transformation requires the ability to scale, rotate
and translate image volumes in three dimensions.

Geometric correlation of images in this instance depends upon matching anatomical or applied reference
points visible on all the image sets to the 3D coordinates of those same reference points on a selected
’primary image’. When each image set has been manipulated into the desired 3D orientation then it is
resliced to match the primary set.
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Figure 1. Methods of correlating multiple brain images

Examples of these two principle methods are reviewed below.

1. PRECISE REPOSITIONING OF THE HEAD IN IMAGERS

Calibrated crossed lasers mounted on the gantry of each of the described biomedical imagers are routinely
used to define the position in space and the isocentre of the imaging plane. Precise repositioning of the head

in the imaging plane can be achieved by aligning the crossed lasers to anatomical or applied reference
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points on the head. Alternatively the head can be reproducibly fixed to the scanner couch using a head

holder which is repositioned using the crossed laser system.

i. The use of anatomical reference points

As mentioned previously surface landmarks on the head such as the outer canthi and external auditory meati
can not be defined with sufficient accuracy to allow precise realignment with a crossed laser system.
However, Conner et al. (1975), Du Boulay et al. (1978) and Conti et al. (1982), have described video
subtraction systems which will effectively match thousands of reference points on the external surface of
the head and enable the head to be repositioned with a high degree of accuracy. The systems employ a wall
or floor mounted video camera which bears a fixed relationship to the imager and is used to record an
image of the patients head when they are correctly positioned.

When the patient returns for a comparable scan the head position is adjusted to its former location using
a television picture which displays a static negative image of the former head position superimposed on the
dynamic positive image of the patients head. When the two images cancel by subtraction then the head is
in the same position as before.

Total cancellation of the two images may not be possible because of differences in hairstyling or minor
alterations in facial expression, but despite this the system is claimed to have a repositioning accuracy in
the order of + 1mm. This degree of accuracy is however likely to decrease when images are separated by
a period of time since surface contours of the face will alter. This is particularly so when patient are
undergoing treatment such as steroid medication.

Although this method has been described for comparison of repeated images from the same imaging
modality (CT or PET) it would be theoretically possible to use the method to compare images from
different modalities. By using a headrest that was interchangeable between the different imagers and
positioning it exactly in each imager using crossed lasers the position of the video camera mounting in each
imaging facility could be adjusted to have an identical relationship to the positioned head rest. The position
of a patients head in the head rest in one imager could then be compared with that in another using video

subtraction.

ii. The use of applied reference points

The use of reference points or lines marked on the skin to reproducibly align the head with crossed laser
system is generally unsatisfactory due to movement of the skin over the skull with changes of facial
expression. Skin marking is also unsuitable for long term follow up studies. Vogl et al. (1989) described
the use of skin marking to define the base line imaging plane on patient heads but were able to more
accurately adjust and correct the orientation of the head by the use of a curved spirit level that was stuck
to the forehead and zeroed in each imager. With this system a geometric correlation between CT and
SPECT images was achieved with an accuracy of between one and two millimetres. Because the skin marks

and spirit level must remain on the patient continuously to allow comparison of images, the technique is
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obviously unsuitable for comparing images separated by a prolonged period.

To overcome the disadvantages of marking the skin Miura et al. (1988) and Meltzer et al. (1990) have used
patient specific face masks formed from thermoplastic material. The heat softened material is applied over
the forehead, orbital margins and bridge of the nose and sets when it cools. Reference marks are made on
the mask for cross laser alignment. In addition a radio-opaque reference system is stuck to the mask which
facilitates the identification of the slice position.

Miura et al. have used this system to correlate images from CT and PET. V-shaped tubes fitted on each
side of the mask acted as the image localiser system and were filled with ®Ge - line sources for PET
localisation, and steel wires for CT localisation. Using two video cameras, hard copy of the slice matched
CT and PET images were then scaled with reference to the radio-opaque reference points using an
appropriate zoom. The images could then be superimposed by mixing the images and displaying them on
a television screen. The accuracy of this correlation was < 2mm in slice positioning and < 1° in slice
angle.

Meltzer et al. used a series of fluid filled tubes visible on MR as a localising system on the mask. From
a sagittal MR image a plane of interest (eg. parallel with a line joining the anterior and posterior
commissures) was planned and defined by its relationship to the localising device. The plane of interest was
marked on the mask and coplanar images taken after cross laser alignment. CT, MR, and PET images were
correlated using this technique. Phantom studies demonstrated than accuracy and reproducibility of imaging

plane selection of within 1mm and 1°.

An alternative head repositioning method in which a reference system is located on the head has been
described by Kingsley et al. (1990). This employs a relocation device comprising a small mirror and a
spirit level attached to a mouth piece containing a patient specific dental impression. By zeroing the
horizontal spirit level and correcting the head position so that a beam of light reflected from the vertically
positioned mirror strikes the same target, head repositioning with no significant flexion, extension or
canting can be achieved. Head repositioning in the scanner is then dependant upon moving the couch to the
desired starting position with reference to gantry mounted lasers.This system has been described for use
with repeated CT imaging and has been shown to have a repositioning accuracy of within 1mm with
cooperative patients. It would however be possible to match images from other modalities using an identical
set up. A shortcoming of this repositioning method is that it requires a high degree of patient compliance
and would not be suitable for children, confused, drowsy or anaesthetized patients because it is dependant

on them biting on the mouth piece of the relocation device and keeping their head still.

With all the methods described above some form of head restraint is required during image acquisition,
even for the most cooperative patients. For however accurately the head can be positioned at the beginning

of each study, any movement that subsequently occurs will increase the error in image correlation.
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Conventional head rests are U-shaped and despite padding and velcro bands they will not adequately
immobilise the head. This is particularly so for PET studies where the image acquisition time may be up
to 2 hours. Head immobilisation in conventional head rests is assisted by the use of a deflatable bean bag
which is moulded around the head and then evacuated. This method has been described by a number of
groups including Kingsley et al. (1990). Although it minimises movement it does not prevent it because the
bag contracts away from the head. A variety of head holders which also provide the means of head
repositioning have been described and are outlined below.

iii. The use of head fixation devices

To achieve accurate head repositioning and fixation in a variety of imagers a head holder should ideally
hold the head rigidly and yet comfortably in a desired and precisely reproducible position. It should be well
tolerated by patients for the full duration of each imaging procedure . The head holder should be able to
accept the full range of head sizes and be simple to apply and remove. Its repositioning accuracy should
be maintained over many months or years for follow up studies. There should be fixation points on the
holder for rigid attachment to a variety of scanner couches and it should have reference markers on it for
cross laser alignment. Finally it should be constructed of materials that cause no artefact on biomedical

images. The following head fixation devices fulfil these criteria to & variable degree.

Moulded head rest
Kearfott et al. (1984) have described a head holder in the form of a patient specific head rest. This is made
by pouring polyurethane resin and catalyst between an injection moulded polystyrene shell and a protective
latex sheet. The patients head is placed in the form while the resin expands and sets. The large surface area
of contact of the mould with the patients head provides comfortable restraint. When fixed to a scanner
couch and used in conjunction with a crossed laser system it will give a repositioning accuracy in the region
of 2mm. The accuracy of this system however is limited because the mould does not hold the head with
sufficient rigidity and is constructed of a material that is itself compressible and easily deformed. The head
can slide in the mould and the scalp can slide over the skull. In addition any changes in the patients hair

style between repositionings will further add to the inaccuracies of the system.

Moulded head / face masks
Head fixation using moulds of the head and face have been developed by Fox et al. (1985) and Lyman et
al. (1989). Fox employs an acrylic hemicylinder attached to the scanner couch which is padded with shape
assuming foam. Patients are then positioned in the head holder and immobilised by applying a pre made
face mask formed of thermoplastic material that is fastened to the head holder by hinged arms with quick
release clasps. A localiser system attached to the head fixation device consisting of an acrylic plate
containing steel wires is used to define the position of the head in the scanner using crossed laser system.

The radio-opaque wires also enable the scan slice position to be transferred to a lateral skull Xray.
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The accuracy of head repositioning using this system is said to be high but has not been quantified in this
paper. The head holder was designed primarily for repeated PET studies and for indirect correlation of PET
images with reference brain slices in a stereotactic atlas.

The AC-PC line which is the reference plane for a number of stereotactic atlases has been shown to bear
a close relationship to the glabella-inion line (Takase et al. 1977, Tokunga et al. 1977) which can be
identified on a lateral skull radiographs. The likely position of the AC-PC line can therefore be calculated
and drawn on a lateral skull radiograph allowing the direct transfer of PET coordinates to the stereotactic

atlas.

This method of indirect correlation between an
image and a stereotactic atlas could be applied to
other imaging modalities and therefore facilitate
comparison between images. However, the
method assumes ’normal’ anatomy and does not
take account of inter subject variability or
structural abnormalities and is therefore of

limited value

The head fixation device developed by Lyman et

al. (fig.2), comprises a mask of the head which

is made in two halves from a thermoplastic that

is modelled around the patient while in its Figure 2 Lymans head fixation device

softened form. Holes are made in the face mask half for the eyes, mouth and nostrils. The head mask is
secured within a cylindrical Lucite frame to which side plates are attached, each containing radio-opaque
reference markers made of copper wire in the form of a cross set at 45° to the vertical. These reference
markers or fiducials, are visible on radiographs and CT and are interchangeable with plates containing
plastic beads filled with olive oil that can be visualised on MRI images.

The frame is by definition a stereotactic frame in that a 3D coordinate system may be established within
it with reference to the fiducials. Measurements in the AP (or y) direction, the lateral (or x) direction and
the vertical (or z) direction are made from the mid point between the two laterally positioned fiducial
crosses. Three dimensional image coordinates are established with reference to the positions of the fiducial
markers visualised on each image.

The head fixation device can be secured to a variety of biomedical imagers or to a radio-surgery couch
using separate interfacing adapters. Image correlation is achieved by fixing the head in a defined position
in each imager using cross laser alignment. The image data is reformatted and placed in a computer for
coordinate transformation between the images. This requires the rescaling of images and the matching of
slice positions which is accomplished with reference to the fiducials visible on the images. The system also

allows the transfer of coordinates between cerebral angiograms and CT or MR images. The head frame was













































































































































































































































































































































































































































































































































