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The authors present the results of 9-year work with 3D CT in orthopaedics and musculoskeletal traumatology.
In the years 1990-1998, the method was used in the examination of 59 patients (27 males, 20 females, and 12
children). The place of 3D CT in clarifying areas of complex musculoskeletal anatomy for operative treatment is
discussed and presented as a contribution to the indication conference. According to the authors’ experience, in
many cases 3D CT increases the quality of diagnostics. Most of all, it helps the surgeon in operation planning. 3D
reconstructions are particularly valuable in proximal humerus fractures, spine fractures and tumours, acetabulum
fractures, as well as in conditions after hip dysplasia, LCPD and coxa vara adolescent.

INTRODUCTION

In 1972, Sir Godfrey Newbold Hounsfield introduced
a new radiological technique called Computer Axial
Tomography Scanning. Soon after introducing computed
tomography (CT) into practice, an idea to create three-
dimensional images from CT scans appeared. The new
approach was accepted to such an extent that by the end
of 1980s 3D reconstructions software was supplied to-
gether with commercially produced CT appliances as a
supplement.

Experience with the appliances and the possible use
of 3D reconstructions in clinical practice were pub-
lished abroad in 1980s and in our country at the begin-
ning of 1990s.!:3361113.1421.2327 Three-dimensional CT
scans reconstructions bring impressive and clear images
of various areas of the musculoskeletal system. Com-
pared to standard CT scans 3D images usually offer no
new diagnostic information. However, their clearness
enables easier spatial orientation, which is particularly
valuable during manu armata treatment. In co-opera-
tion with doctors from the Clinic of Radiology, Teach-
ing Hospital in Olomouc, we examined patients with
orthopaedic diseases and skeletal traumas. Several years
ago we also started co-operation with doctors from the
department of radiology of the Military Hospital in
Olomouc.

MATERIAL AND METHODS

In 1990, 3D CT became a part of paraclinical exami-
nation methods at the Department of Orthopaedics in
Olomouc. By the end of 1998, 59 patients were exami-
ned for more exact diagnoses and for determination of
proper operation strategies. The group consisted of 27

males, 20 females and 12 children. The patients’ ages
were between 6 and 59; average 32.6 years. Structure of
the group according to indications: 9 spine fractures, 5
proximal humerus fractures, 5 scaphoid fractures, 8 pel-
vis fractures, 12 acetabular fractures, 8 tumours, 5 Legg
— Calve — Perthes disease (LCPD), 4 coxa vara adoles-
cent (CVA), 3 conditions after congenital hip dysplasia
(CHD). 46 patients underwent surgery, i. €. 77.8%.

In all patients, conventional radiography was per-
formed at first. After the evaluation, three-dimensional
CT was indicated. Stress was placed on useful of the
examination for surgical intervention. Certain restraints
were imposed in children and mainly in little girls due to
gonad protection, that was difficult to deal with. Check-
up reconstructions were not performed to decrease the
load of radiation.

To examine most patients, original software was used.
This enables only registration and imaging of surfaces
or structures with the significantly different from that of
the surrounding area — the so-called surface rende-
ring.”® At present, 3D reconstruction possibilities are
widening. Surface rendering (SR) is being replaced by
volume rendering (VR). Thus, all data without a thresh-
old value are processed. However, the threshold value
can be added at any time, i. e. images of any tissue can
be obtained using special techniques. So from skeleton
imaging 3D CT has proceeded to soft tissues recon-
structions.*!

Compared to VR, surface rendering offers more
effective surface images, but these contain a higher rate
of artifacts. Volume rendering is better at imaging sub-
cortical pathology with a minimum of artifacts.!”” There
has been a significant increase in the speed of process-
ing which now takes 3-5 minutes. The subsequent ma-
nipulation with images such as e. g. a spatial rotation or
a threshold change practically takes place in real time.
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Special reconstruction procedures provide a number of
clear images that are close to the reality.!

RESULTS

When comparing examinations of various areas in-
cluded in our set, 3D CT proved to be the most valuable
in proximal humerus fractures, spine fractures and tu-
mours, acetabular fractures, as well as in pelvis frac-
tures and tumours. 3D reconstruction was also useful
detailed description of intra-articular interrelations —
CHD etc. It was less valuable examination of the hip in
children with LCPD and CVA. 3D CT seemed to have
no practical value in scaphoid fractures and pseudo-
arthroses. During the pelvic and iliac examination of
children two fundamental problems were observed. The
first was to find a compromise between imaging quality
and the necessity of strict gonadal protection which is
particularly difficult especially in little girls. The other
problem was to ensure absolute patient’s calmness du-
ring the exposition. Therefore, we recommend exami-
ning children under sedation. Higher quality
reconstructions can be obtained by processing data from
spiral CT appliances that shorten the examination and
lower the risk of artifacts caused by both voluntary and
involuntary movements of the patient. The last series of
our examinations were performed on spiral CT.

Check-up examination could be performed only af-
ter metallic material extraction. Otherwise CT scan 3D
reconstructions show a “melting metal” phenomenon
and the images are difficult to analyse. No discrepancy
was found in the set after radiological and perioperative
findings were compared.

3D CT examples from the set — see figs. 1, 2, 3 and 4.

DISCUSSION

First 3D CT images in domestic literature speciali-
zed in orthopaedic diseases and musculoskeletal trauma
were published by members of our team in 1991-1992.615
Over the last 9 years and in agreement with literature,
we could verify that, in case of correct indication, this is
a valuable radiological method.!:>7%1316. 232829 Radiolo-
gists state that 3D reconstructions provide standard
data in a different way rather than giving new informa-
tion.'"™ Other authors claim that the difference be-
tween 2D and 3D CT is analogous to that between
mono and stereo sound in music or to that between
coloured and black and white photographs.”

We would like to emphasise that, as well as other
authors, 3D CT is a valuable help in preoperative prepa-
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ration when it functions as a database for surgical navi-
gation.>”!*15 At present, radiological departments are
being equipped with new fast spiral CT appliances of
the 3 and 4" generations that provide larger amounts
of high-quality overlapping scans. This has a favourable
effect on the final 3D-image quality.”? Equipment pro-
viding 3D images is no longer part of CT appliances but
is designed as a separate console. Data for it can be also
loaded from diskettes, not only from CT but also from
MR, US and nuclear medicine examination.”® Further
development and wider possibilities can thus be ex-
pected.®® The development will be supported by higher-
quality data, new 3D processing procedures and various
examination modalities data integration. Most of all,
there will be communication between working stations
using 3D reconstructions of all modalities for more
exact study of individual cases, production of exact mo-
dels of different parts of a skeleton and simulated ope-
rations in virtual reality.*® Thus, 3D CT is becoming of
greater importance not only for science and research
but also for education.”

There is a question of comparison between CT /3D
CT and MR /3D MR. Generally, an opinion is accepted
that 3D CT has the merit of high spatial accuracy and
good quality of bone imaging. MR more sensitively
differentiates between soft tissues and bone marrow."
Magnetic resonance is more useful in femoral head
necrosis in adults, LCPD, chondral fractures, ruptures
of menisci, tendons and ligaments including knee ante-
rior cruciate ligament, foot area tendons and talus ar-
ticulation. MR is exact in describing synovial fluid
distribution as well as rheumatoid arthritis pannus.??®

CONCLUSION

It is very difficult to define an overall contribution of
3D CT to orthopaedics and musculoskeletal traumatolo-
gy. Most radiologists claim that there is only little im-
portance. Based on our results, we believe 3D CT may
occasionally serve as the main diagnostic method influen-
cing the patient’s treatment. 3D reconstructions are
particularly valuable in proximal humerus fractures,
shoulder joint luxations, spine fractures and tumours,
acetabulum fractures, pelvis fractures and tumours as
well as in conditions after hip dysplasia. Lower value
was noted in LCPD and coxa vara adolescent and low
value in scaphoid fractures and pseudoarthroses. At
present, 3D reconstructions serve as a basis for simu-
lated operations in virtual reality, production of exact
models of joints and bones, robotization of total hip
arthroplasty. They are becoming of greater importance
not only for science and research but also for education.
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Fig. 1a. Left acetabulum luxation fracture with femoral head poste-  Fig. 1d. Comparative CT scans of acetabulum and luxated femoral
rior luxation and off-broken posterior edge proximal dislocation. head.

Fig. 1b. View from below of empty acetabulum and luxated femoral = Fig. 2a. Vertebral body burst fracture with L1 end plate off-broken
head. edge.

Fig. 1c. Similar view from below taken at a side angle. Fig. 2b. L1 body 3D reconstruction with clear fracture lines and with a
fragment dislocated dorsally to spinal canal. A view from below.
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Fig. 2c. 3D reconstruction with deformed end plate and a spinal canal ~ Fig. 3c. Similar image.
narrowing fragment.

Fig. 3a. Clear 3D image + scans at different planes. Osteolytic proc-  Fig. 3d. Osteolytic process from left below. Central luxation.
ess affecting left pubis and reaching as far as acetabulum.

Fig. 4a. 3D reconstruction of left hip joint with clear acetabulum
insufficiency. Front and right views.

Fig. 3b. 3D image with complete lytic dissolution of pubis.
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Fig. 4b. Front view and view from below of postdysplastic acetabulum.

Fig. 4c. Rear view of left hip joint 3D reconstruction.

Fig. 4d. Side angle view from rear, above and left of left hip joint 3D
reconstruction. Clear acetabulum insufficiency.
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