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INTRODUCTION

In most orthopaedic surgeries the relation between
the image provided, the patient, and the surgical tool
depends solely on the experience and ability of the
surgeon. No direct connection between the surgical
object (i.e. the patient) and the virtual object (i.e. the
image) is present. However, use of information inherent
to the image is a crucial contributor to surgical success.
The missing link can be provided by Computer
Assisted Orthopaedic Surgery (CAOS) which allows to
display the tool used at the patient in the image in real
time. Thus, a system fbr advanced, image-guided
orthopaedic surgery based on a generahzed concept has
been developed and undergone accuracy and in vitro

tests. In a first clinical application in

spinal

instrumentation surgery, the system assists the surgeon
during the insertion of transpedicular lumbar and sacral
screws. This study describes early clinical results
obtained in several trial clinics. The system has been
further adapted to be suitable fbr hip osteotomies and
ninimal-invasive spine surgery. The introduction of the

new modules to the operation theater and initial
will be reported.

experience

GENERALIZED CONCEPT

time display of a surgical tool is placed in the CT irnage
of the patient during surgery. Thus, the surgeon has an
instant assessment of the location and the orientation of
his instrument.

CLINICAL EXPERIENCE WITH CAOS

The insertion of pedicle and sacral screws still
remains a key problem in spinal sur_qery. The CAOS
system described was used to assist the surgeon to
enchance the navigational precision in the pedicle as
well as to optimize the depth of the anchoring.
After successful completion of an accuracy and an in
vitro study, the CAOS system was applied in theatre in
24 cases of transpedicular spine stabilizations during an
introductory phase. 108 screws were inserted rnostly in
the lumbosacral spine. All implants were cornponents of
the Universal Spine System made fiom titanium. Two
orthogonal x-rays were used fbr postoperative evaluation
of the screw placements.
During the introductory phase it was intended to
complete the transt-er of computer assisted surgery into
the operating theatre reality. This included positioning of
the CAOS components, in particular, selecting the
optimal places fbr camera, Central Control Unit (a cart
designed to hold the computers), and CAOS tools in
theatre. Furthermore,

The basic principles of stereotaxis and flrst devices
were established early this century, which conceptually
already allowed fbr guided localization of surgical
objects within body parts without direct access to their
interior. However, only recent technology transf-er tiom
rnedical imaging, computer science, and space
digitization allowed fbr an implementation into

the design of all tools

was

evaluated and adapted to the requirements in this phase.
The introductory phase resulted in solne design
changes fbr tools and software, an improved rnatching
algorithm, and an optimized computer assisted surgical

routine. The average time required tbr the matching
procedure decreased

from 8.5 min. in the first 12
l2 patients. These data

patients to 6.5 min. in the second

fbr both system engineers

computer assisted surgery.

illustrate the learning curve

It is assumed, that all surgical components involved
may mechanically be treated as rigid bodies and their

and the surgeons. No neurological complications or
symptoms were observed in any of the 24 patients. Two
superficial wound inf'ections occurred which resolved

complete motion is tracked by an optoelectronic motion
analysis system. Basic components of such a surgical
system are: (a) one surgical object, e.g. the vertebra,
equipped with a so-called dynamic ref-erence base, (b) the

with antibiotic treatment. The postoperative x-ray control
as well as the fluoroscopic evaluation directly after
insertion of the screws did not indicate any rnisplaced

associated virtual object, e.g. its tomographic image,

screws.

and (c) one surgical tool. However, this concept may be
generalized incorporating various navigational, surgical,
and virtual objects. Furthermore, other objects can be
considered which provide an advanced man-machine
interfäce or may be used tbr computer assistance of the
implant periphery.
Once all components are transferred into a single, the
stereotactic, coordinate system it is possible to visuahze a
navigator within the virtual object. For example, a real-

Since January 1995, the system is used in fbur
medical centers worldwide fbr the purpose of detailed
evaluation. A standardized fbllow-up study evaluating
the clinical success rate is currently perfbrmed
incorporating 3D CT reconstructions.

New designs and procedures introduced fbr the
clinical realization of periacetabular osteotomies as well
as minimal-invasive spine surgery were supported by the
generalized concept. All tools and procedures have been
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realized and cadaver studies are performed. Clinical data

The system is based on a versatile concept and thus

should allow for extensions and

from a few cases are available.

improvements.
Examples already in clinical trial include advanced man-

DISCUSSION AND CONCLUSIONS

machine interfaces and implant periphery such as

a

semi-automatic contouring device.

After introduction in the field of neurological surgery
several years ago, computer assisted surgery has recently
shown to be an accurate link between image data
acquired and surgical action in orthopaedic surgery as
well. The successtul transition from a laboratory setup of
a technique fbr computer assisted spinal surgery to a
system for routine clinical use has encouraged us to
apply CAOS to further regions.
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Computer assisted orthopaedic surgery

was

successfully applied clinically to a specific orthopaedic

problem. The encouraging results and the high
acceptance among surgeons have sparked additional
developments which will lead to advanced techniques fbr
other anatomical areas and may provide the basis fbr
minimal-invasive keyhole-type surgical approaches.
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