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ABSTRACT
Recently, the authors have used the computer-

generated three-dimensional (3-D) CT moving im-
ages for preoperative planning and screw/pin in-
sertion in more than 28 cases involving plate and
screw fixation of complex acetabular fractures. The
authors also used stereolithography (wax or plas-
tic 3-D model of bony anatomy) to develop a com-
puter-generated “clip on” interpositioning template
for accurate placement of plate and screws. Ap-
plication of these new technologies gives the sur-
geon precise information about the fracture pat-
terns and provides an ef fective means for
preoperative planning and accurate fixation of ac-
etabular fractures. The accuracy of the 3-D vir-
tual presentation of the anatomy is impressive and
was substantiated by phantom studies.
Postoperation CT revealed no case of screw pen-
etration in the joint. Among other benefits over
conventional surgical technique, the computer-as-
sisted surgery provided decreased operative time
and morbidity, decreased radiation exposure, and
obviated the need for oblique, inlet and outlet
roentgen views of the pelvis for preoperative plan-

ning. A case report specifically demonstrates pre-
operative planning for reconstructoin of acetabu-
lar fracture.

INTRODUCTION
Recent studies emphasize the need for improvement

over less-than-ideal techniques presently used in ortho-
paedic surgery for insertion of surgical implants.2, 8, 11

The placement of screws with inadvertent penetration
of the hip joint has been well documented both for com-
plex acetabular fractures and posterior wall fractures.1, 5

A technique for precise plate and screw placement re-
quires knowledge of the three-dimensional anatomy of
the patient. Surgeons cannot be expected to improve
without accurate evaluation of their performance.

Orthopaedic surgeons are just beginning to consider
the advantages of the computer in three-dimensional
guidance for insertion of pins, screws and correction of
the bony anatomy. Advances in radiology combined with
the advances in computer technology have made the
3-D representation of anatomic structures in living sub-
jects easily obtainable using CT and MRI. Despite these
advances, the application of this technology for improv-
ing surgical precision in orthopaedic procedures has
not yet been widely applied to clinical practice. Com-
puter-assisted surgery has been utilized for such pro-
cedures as pedicle screw placement in spine surgery,
total joint arthoplasty, knee ligament reconstruction,
percutaneous fixation of minimally displaced transverse
acetabular fractures, anterior column fractures and
iliosacral fractures.2-4, 7, 10, 11, 14-16 Surgical applications us-
ing arising technologies in stereolithography (wax or
plastic 3-D model of bony anatomy) have recently been
explored in other specialty areas such as maxillofacial
surgery.9, 12, 13, 17, 19

Recently, the authors have used computer image
guidance for preoperative planning and screw/pin in-
sertion in more than 28 cases involving plate and screw
fixation of complex acetabular fractures.2 The authors
also used stereolithography to develop a computer-gen-
erated “clip on” interpositioning template for accurate
placement of plate and screws. The templates can be
used, among many other applications, for surgery of
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the spine, pelvis and bones of the extremity. In the past
two years the authors have been working closely with
the Human Assisted Technology Division of the Sandia
National Laboratory on techniques to replicate the ex-
act bony anatomy using sterolithography-modeling tech-
nologies.

In this study we first report on the advantages of the
computer-generated 3-D moving representations of the
bony anatomy over traditional x-ray evaluation in sur-
gery of the acetabulum. This will be followed with a
case report that specifically demonstrates preoperative
planning for reconstruction of acetabular fracture. This
case report will also demonstrate a technique to pro-
duce total hip replacement acetabular components with
personalized template guidance. A system like this may
increase the indications for primary total hip arthro-
plasty after acetabular fracture, recently outlined by
Mears and Velyvis,20 by improving techniques for com-
ponent stabilization.

MATERIALS AND METHODS
This study used computer-generated 3-D moving rep-

resentations of the bony anatomy to plan the screw
trajectories and to carry out the surgical stabilization
procedure after fracture reduction. A preoperative 3mm
spiral CT scan of the pelvis was obtained using a Picker
CT 5000 scanner. The images were transferred via
Picker 2000 workstation and Exabyte 820 tape drive to
a personal computer. Materialise Interactive Medical
Image Control System (MIMICS) software (Materialise

USA, Ann Arbor, MI) allows interface of the 3-D CT
information with the stereolithography equipment to
produce a plastic/wax model of the deformed or frac-
tured bony anatomy. In addition, the software has seg-
mentation capabilities that were used to subtract the
proximal femurs and extraneous bowel or bladder dye.
The accuracy of the 3-D virtual presentation of the
anatomy was substantiated by a phantom study. Mul-
tiple 2mm lead spheres (BBs) were glued to the pelvic
surface, and the model was CT scanned using standard
3mm helical collection of data. The computer data was
transferred into the ViewPoint/Voyger™ Image Guid-
ance System, and both 4.0 and 6.0 versions of the soft-
ware were tested for accuracy of the predicted target
registration error.6

The authors also used stereolithography to develop
a computer-generated “clip on” interpositioning template
for accurate placement of plate and screws. The implant-
positioning template was designed based on creation
of mirror image of the 3-D computer representations of
the patient’s anatomy along with virtual surgery proce-
dure, and the template was fabricated from methyl meth-
acrylate using rapid prototyping techniques. This tem-
plate was then placed on the patient’s anatomy as a
guide to precisely locate and direct the hardware (im-
plant) into the bony structure. Because the template
would fit the patient’s anatomy, the surgeon would have
a hands-on simple method of guiding surgical tools in
3-D space.

Figure 1. Rendered 3-D CT images of the pelvis from the case
patient who fell 30 feet, sustaining a transverse and posterior
hemitransverse and anterior column acetabular fracture. The four
components of the fracture are (1) ischial, (2) anterior column, (3)
superior wall and (4) iliac. Bowel and bladder dye and both proxi-
mal femurs are removed to better demonstrate the fracture.

Figure 2. Three rotated rendered 3-D CT images of the case study
pelvis. Further segmentation allowed removal of the sacrum and
contralateral hemi-pelvis. Three proposed screw trajectories (la-
beled 1, 2 and 3) have been added to the images and are visible
through the translucent bone.
(A) Posterior view. (B) Transfemoral head inferior-lateral view. (C)
Medial view. (1) Superior-posterior screw trajectory, (2) Superior-
anterior screw trajectory, (3) Posterior column screw trajectory.



G. A. Brown, K. Firoozbakhsh, R. J. Gehlert

22 The Iowa Orthopaedic Journal

The ability to create proposed trajectories for screw
insertion prior to surgical intervention has become a
standard for stabilization of acetabular fractures in the
senior author’s practice. The current image-guided sur-
gical equipment, such as the ViewPoint/Voyger™ IGS
(Z-KAT, Inc., Florida), provides capabilities for virtual
creation of these trajectories. The Picker 2000 and 6000
workstations give adequate 3-D representations of the
anatomy, but segmentation is not as easy and trajec-
tory planning is not a true option.

Screw trajectory planning was performed using two
of the object features of the MIMICS software. The point
feature was used to select entrance and target points
on each fracture fragment. This provides x, y, z loca-
tion of these two points in the 2-D and 3-D CT data and
can be modified in increments of 0.001 mm. The trajec-
tories were created by transferring the x, y, z location
of the two points to the cylinder creation option of the
software. This would create a cylinder of a desired ra-
dius (3mm in the case report) connecting the entrance
and target points. Lengthening the trajectories, as is
shown in this example case, is possible through data
extrapolation.

CASE STUDY
A 30-year-old male fell 30 feet, sustaining a transverse

and posterior hemitransverse and anterior column ac-
etabular fracture—classified as a 62-B3.3,a1 type frac-
ture by the Orthopaedic Trauma Association.18 In addi-
tion to the fixation obtained from the screws inserted
in pre-assigned trajectories, a pre-contoured plate was
used to further stabilize the anterior column, and two
percutaneous screws were inserted into the superior
fracture fragment. The virtual acetabular replacement
trajectories suggested by Figures 3B and 4A, 4B, 4C
were not used in the fixation of this young 30-year-old
patient but would be a consideration if this patient were
to be treated with total hip replaceent. The ideal radius
for the spherical acetabular replacement cup was taken
from the contralateral nonfractured acetabulum and was
matched to the radius of the remaining arc of the frac-
ture segments on the fractured side. The virtual screw
trajectories were created using the x, y, z location of
the center of the sphere as the entrance point, and the
x, y, z locations of the target points were chosen in the
most secure location within each of the fractured seg-
ments. All three trajectories were aimed toward the
center of the acetabular component while maximizing
fixation within each of the major fracture fragments.

Figure 3. Isolated views of hemisphere pelvis demonstrating proposed trajectories for acetabular repair and acetabular replacement. (A)
Enlarged views of the three proposed repair screw trajectories. The ischial and anterior column segments are removed and the proximal
femur reinserted to demonstrate that all screw trajectories would easily be extra-articular after fracture reduction. (B) Transfemoral head
view of the fractured acetabulum to show the three proposed trajectories for fixation if a primary total hip replacement would have been
considered for this patient.
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RESULTS
Figure 1 is a rendered 3-D image of the segmented

pelvis with a left acetabular fracture dividing the joint
into four parts. Rotation and segmentation capabilities
of the 3-D data allowed precise understanding of the
fracture anatomy before surgery. This eliminated the
need for oblique, inlet and outlet roentgen views of the
patient prior to surgery. The accuracy of the 3-D vir-
tual presentation of the anatomy was impressive and
was substantiated by the phantom study.6 Computer-
predicted target registration error was a close repre-
sentation of the actual error for predicted target regis-
tration error values of less than 2mm.2, 6

In all cases, intraoperative postfixation fluoroscopy
confirmed the precise plate placement and demon-
strated that the screw trajectories missed the hip joint
by a safe distance. The accuracy of plate and screw
placement supports the technique of using computer-
reversed contralateral intact anatomy and application of
the interpositioning template. Fluoroscopy was only
needed for confirmation of fracture reduction and screw
location. Post-operation CT also revealed no case of
screw penetration in the joint. Furthermore, the soft-
ware capabilities easily allowed elimination of the metal
artifact. Among other benefits over conventional surgi-
cal technique, the computer-assisted surgery provided
decreased operative time and morbidity, decreased ra-
diation exposure,2 and obviated the need for oblique,
inlet and outlet roentgen views of the pelvis for preop-
erative planning.

DISCUSSION
Accurate reduction of fractures, smaller incisions and

less invasive techniques for surgery have universal ap-
peal from the patient’s aspect and have been shown
quite advantageous for patient care. Application of com-
puter-generated 3-D CT moving images and fixation tra-
jectory planning for complex acetabular fractures gives
the surgeon precise information about the fracture pat-
terns and provides an effective means for preoperative
planning and accurate fixation of acetabular fractures.
It also helps to better fix acetabular components used
for reconstruction when total hip replacement is needed.

The authors have used computer-generated 3-D mov-
ing representations of the bony anatomy to plan screw
trajectories and to carry out surgical stabilization pro-
cedures after fracture reduction in patients with com-
plex acetabular fractures. In more than 50 consecutive
cases, intraoperative evaluation of the fracture patterns
has confirmed the improvement in this technology over
those obtained using traditional radiology techniques.
Intraoperative fluoroscopy confirmed precise plate place-
ment and demonstrated that all screw trajectories
missed the hip joint. Fluoroscopy time during surgery
was reduced significantly because it is only needed for
confirmation of fracture reduction and screw location.
The accuracy of the 3-D virtual presentation of the
anatomy using 3-D CT is impressive and has a number
of benefits when compared to conventional surgical
technique. The computer-assisted surgery provides
decreased operative time and morbidity, decreased fluo-
roscopic radiation exposure during surgery,2 and obvi-
ates the need for oblique, inlet and outlet roentgen views
of the pelvis for preoperative planning.

A number of image-guided surgical systems now of-
fer implant trajectory guidance and segmentation capa-
bilities. The MIMICS software, which was developed
as an interface between the CT/MRI data and solid
model producing (rapid prototyping) equipment, is quite
useful for preoperative planning. Postoperatively, the
software provides precise 3-D moving visualization of
the metal hardware location within the anatomic struc-
ture. Furthermore, it allows elimination of the metal
ar tifact. We are currently using life-size wax
stereolithographic replicas of the fractured pelvis,
interpositioning screw trajectory guidance templates,
and computer models of the reversed nonfractured con-
tralateral hemi-pelvis for reconstruction of all surgically
treated acetabular fractures with excellent results.

Figure 4. Three rotated views of the segmented rendered 3-D pel-
vis with a sphere representing the proposed size and ideal location
for an acetabular replacement component. (A) Same view as Fig-
ure 3A with proposed acetabular replacement trajectories instead
of acetabular repair trajectories. (B) Same view as Figure 3B with
sphere and femoral head. (C) Same view as Figure 3B with femoral
head removed.
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