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The use of virtual 3D CT in diagnosing 
some intracranial diseases

Zastosowanie wirtualnej 3D TK w diagnostyce 
niektórych schorzeń śródczaszkowych

Dynamic development of computerised tomography techniques has increased 
their diagnostic potential. The use of thin, high resolution sections and of multi- 
planar reconstructions has been commonly recognised and gained considerable 
status in the diagnostics of many human organs.

2D CT pictures do not always provide full information about spatial configu­
ration of complex anatomical structures under both normal and pathologic condi­
tions (12).

3D CT techniques supplement the diagnostics with spatial pictures (4, 14, 
21,23).

The aim of the paper is presentation of own experiences in the use of 3D CT 
reconstructions for simulated assessment of normal and pathological intracranial 
structures.

MATERIAL AND METHODS

The material comprises 33 subjects of both sexes, aged 4-76 years, examined in our depart­
ment, mainly because of injuries ( 16 patients) and other diseases according to the commonly accepted 
procedural algorithm (17). The equipment used was AR.T. by Siemens with 512 x 512 pixel matrix.

In 9 patients Ultravist was administered intravenously to show mutual relations of pathologic 
changes to adjacent vascular structures.

In 3D CT reconstructions values of-150 H.u. level were used for bone structures. For tumoral 
changes well enhanced by contrast medium and for vessels these values ranged from 50 to 150 H.u. 
(mean 100 H.u.). For visualising the ventricular system and hypodensive intracranial changes the 
levels used were from 0 to 35 H.u. (mean 17.5 H.u.).
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The reconstructed picture was rotated in optional axes and set at selected angles to obtain optimal 
projections. Selected fragments of pictures were cut off along selected planes or from the front revealing 
the examined spaces. Possibilities of lighting the pictures from different directions were used obtain­
ing optimal exposition of pathologic structures.

RESULTS

3D CT reconstructions revealed in full scope normal structures of the skull as well as the size, 
shape of bone defects connected with the frontal sinus (Fig. 1). 3D CT reconstructions showed in 
1 patient the spatial shape of numerous calcifications in various projections defining their relation to 
the cranial vault (Fig. 2). Reconstructions cut off from above, especially in oblique projections, 
localised them also in relation to the base of the cranium.

In 4 cases the compound fractures of the pyramid were shown which were well visible in projec­
tions from the posterior fossa of the skull (Fig. 3). In 2 other cases a linear fissure of pyramid fracture 
visualised on thin high resolution sections was not visible on thin high resolution layers in 3D recon­
structions, 3D technique let visualise in 2 patients a fissure running within the structures of the base 
of posterior cranial cavity (Fig. 4). Displacement of blow-in bone fragments of the skull cover was 
recognised in 3 patients. In 3 cases posttraumatic and postoperative defects were shown obtaining in 
projections from the inside of the skull good spatial assessment of adjacent structures (Fig. 5). In 
conditions after craniotomy the character of the edges of defects was reconstructed. In 2 cases of 
gunshot wounds the bullet trajectory was localised within the cranial cavity as well as its numerous 
tiny fragments (Fig. 6).

In 2 patients the use of the third dimension visualised bone damages which were not recognisable 
by means of other imaging techniques and had been caused by a perisellar tumour (Fig. 7).

There were also obtained spatial pictures of tumour soft tissue masses which got intensely 
enhanced by contrast. Such pictures were obtained in 2 cases of meningiomas one of them being 
localised within the cerebellopontine angle (Fig. 8).

In 1 case of a small aneurysm of the arteria cerebri anterior no diagnostically valuable spatial 
pictures were obtained. However, in osteoma of temporal squama virtual 3D CT revealed the mor­
phology of its surface with the sulcus of cerebral gyri. (Fig. 10).

Pathologic masses localised above the level of the base of the cranium were visualised by supe­
rior and lateral projections as was shown in the case of the recurrence of a perisellar tumour (Fig. 9).

In 3 cases of congenital hydrocephalus spatial pictures of widened cerebral ventricles were 
obtained. In 1 patient porencephaly communicating with big post-inflammatory hydrocephalus was 
recognised (Fig. 10). 3D CT reconstructions were twice used to assess subarachnoid cysts. In 2 
subjects spatial reconstructions of 25-30 H.u. level were likewise used for visualising the extent of 
ischaemic infarctions (Fig. 11).

DISCUSSION

3D CT reconstructions improve the imaging of spatial relations by simulating direct visualisation 
of the lesion. They do not replace conventional sections but supplement them in the regions of com­
plex anatomical structures (3,4,14,23). In complicated injuries accurate assessment of the morphol­
ogy on sections is difficult (4).
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The course of fracture fissures, both within the vault and base of the skull, is better seen on spatial 
reconstructions than on a single 2D CT picture. Likewise, the degree of blow-in of bone fragments is 
better visualised in the spatial perspective. Localisation of intracranial bone fragments as well as of 
foreign matter of traumatic origin is more precise in the technique under discussion. The precise 
observation of the course of fissures on 2D CT sections, as well known, is difficult because of com­
plex architecture of the base of the cranium (17).

In the assessment of complex lesion to the temporal bone the value of 3D CT is unquestionable 
(9). Simulated 3D CT, however, enables better understanding of the topography of the lesion (1,2,3, 
9). The temporal bone is believed to be the region especially predisposed for 3D reconstruction in the 
high resolution programme.

In big bone defects 3D CT is used to determine the size and shape of the bone graft (7,9).
The revealing of the extent of erosion of cranial bone structures caused by infiltration or tumour 

impression and resulting from other pathologic processes is optimal in three-dimensional reconstruc­
tions. In neoplastic diseases they reveal the extent of bone destruction (8).

Soft and hard programmes were produced for three-dimensional imaging of soft tissue and bone 
defects. The authors used appropriate reconstruction levels for visualising different structures.

Good quality pictures were obtained in tissues of big difference of density, especially those con­
taining calcifications. Good imaging of osteomas and hiper vascularised tumours resulted from the 
possibility of setting a high reconstruction level which enabled the assessment of the relation of tu­
mour to bone structures. Sophisticated computer programmes of 3D CT reconstruction make it possi­
ble to reconstruct the base of the skull and relationship of bone structures, tumour, vessels and brain 
ventricles in a single imaging (Fig. 6). This is especially the case with base fronto-temporal tumours, 
often eliminating angiography (5). It is then essential to visualise the relationship of the tumour and 
vessels. CT angiography of cerebral arteries using spatial reconstructions requires the use of a spiral 
tomograph. Unfortunately, the authors have not obtained better visualisation of the vessels by means 
of 3D technique with a conventional tomography.

The reduction of the reconstruction level to 0 H.u. enables spatial imaging of cysts, cystic parts of 
tumours and the ventricular system, especially when it is widened. The setting of the level in our 
conditions at 30 H.u., however, made it possible to reconstruct extensive ischaemic areas though the 
3D CT picture cannot contain more details than two dimensional sections (7).

3D pictures can be rotated in optional axes and set at selected angles the reconstructed picture 
during rotation being watched on the monitor screen. It is possible to cut off fragments of the spatial 
picture and ground lighting it from different directions. Thus, the depth dimension is revealed which is 
essential in the analysis of cranial bone structures since axial sections do not give the impression of 
spatial depth (22).

It should be added that from spatial pictures the measurements of anatomical distances and vol­
umes can be directly obtained (8). Geometrical accuracy and optimal visualisation of lesions is diffi­
cult to reconstruct by means of other techniques.

There is emphasised the usefulness of 3D CT in the assessment of congenital multiformations 
cerebri, especially incomplete division of the forebrain, Crouzon-Aperta and Tracher-Collins syn­
drome in children, fronto-ethmoid meningocele, cranial neurofibromatosis, craniosynostosis (1, 13, 
15,16,18).

Congenital cerebral defects are assessed by means of the soft tissue algorithm. In the fronto- 
-nasal form of meningocele asymmetries of the vault and base of the skull were found and cranio- 
-facial defects. 3D CT visualises aplasia and agenesis of bone structures (1, 20). The benefits of 3D 
CT in recognising developmental and traumatic cranio-facial abnormalities are also known (18).
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The usefulness of 3D reconstructions is recognised in diagnosing, planning and neurosurgical 
stereoscopic treatment as well as of otolaryngologic diseases (10, 11, 19). Thorough assessment of 
spatial topography facilitates the choice of the optimal operative technique (12).

The disadvantages of the technique include the presence of pseudodefects when the reconstruc­
tion level has been set too high as well as the lack of reconstruction of tiny fissure-like and non- 
-displaced fracture fissures and subtle erosive changes (2, 3).

CONCLUSIONS

1. Virtual 3D CT can be used in the assessment of various intracranial patho­
logies enriching assessment possibilities of 2D CT axial sections and multiplanar 
reconstructions.

2. Spatial 3D CT pictures supplement 2D CT axial sections and planar recon­
structions but cannot be a sole, independent examination.

3. Spatial reconstructions enable showing on a single picture of complex ana­
tomical relations visible on numerous two-dimensional sections, and observation 
of the rotated picture makes possible the choice of the optimal projection for per­
forming the documentation.

4. In the pathology of bone structures of complex anatomical regions thin two- 
-dimensional section of high resolution should be enriched by virtual pictures of 
computerised tomography.
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Otrz.: 1999.09.10

STRESZCZENIE

W materiale 33 chorych przedstawiono możliwości diagnostyczne wirtualnych rekonstrukcji 
3D TK w ocenie niektórych schorzeń śródczaszkowych. Uzyskano lepsze uwidocznienie złożonych 
stosunków przestrzennych podstawy czaszki, zwłaszcza w rozległych destrukcjach kostnych oraz 
złamaniach wielokierunkowych kości skroniowej. Uwidaczniano wzajemne stosunki guza i otacza­
jących naczyń po iniekcji kontrastu. Lokalizację guza ułatwiało wykorzystanie wymiaru głębi prze­
strzennej. Rekonstrukcje 3D TK dają możliwość uwidocznienia poszczególnych części układu 
komorowego w dowolnym rzutowaniu. Ocena stosunków przestrzennych uszkodzenia i otoczenia 
ułatwia wybór optymalnej strategii postępowania, zwłaszcza w stereoskopii neurochirurgicznej.
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EXPLANATIONS OF FIGURES

Fig. 1. Irregular bone defect of the base of the frontal lower part of the skull caused by expansive 
increase of mucocoele of the right frontal sinus.

Fig.2. Intracranial calcification of postinflammatory aetiology.
Fig.3. Fracture fissure running transversely through the pyramid of the left temporal bone (ar­

row).
Fig.4. Fracture fissure running through the occipital bone on the left side (fracture of the base) 

(arrow).
Fig.5. Condition after craniotomy, projection from the inside of the skull.
Fig.6. Gunshot wound. Numerous, tiny fragments of the bullet and intracranial bone fragments, 

visible inlet opening and fracture fissure (arrow).
Fig.7. Raising and destruction of the posterior clinoid process on the left side by a small ade­

noma of hypophysis (arrow).
Fig.8. Meningioma of the right cerebellopontine angle (point).
Fig.9. Giant osteoma of temporal squama.
Fig. 10. Extensive defects of cerebral tissue within frontal lobes of porencephalic origin. Con­

siderable widening of the ventricular system (post-inflammatory hydrocephalus).
Fig. 11. Ischaemic focus in the right cerebral hemisphere (arrows).


