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Abstract

Background: The microTargeting™ platform (MTP) stereo-
taxy system (FHC Inc., Bowdoin, Me., USA) was FDA approved
in 2001 utilizing rapid-prototyping technology to create cus-
tom platforms for human stereotaxy procedures. It has also
been called the STarFix (surgical targeting fixture) system
since it is based on the concept of a patient- and procedure-
specific surgical fixture. This is an alternative stereotactic
method by which planned trajectories are incorporated into
custom-built, miniature stereotactic platforms mounted
onto bone fiducial markers. Our goal is to report the clinical
experience with this system over a 6-year period. Methods:
We present the largest reported series of patients who un-
derwent deep brain stimulation (DBS) implantations using
customized rapidly prototyped stereotactic frames (MTP).
Clinical experience and technical features for the use of this
stereotactic system are described. Final lead location analy-
sis using postoperative CT was performed to measure the

clinical accuracy of the stereotactic system. Results: Our se-
ries included 263 patients who underwent 284 DBS implan-
tation surgeries at one institution over a 6-year period. The
clinical targeting error without accounting for brain shift in
this series was found to be 1.99 mm (SD 0.9). Operating room
time was reduced through earlier incision time by 2 h per
case. Conclusion: Customized, miniature stereotactic
frames, namely STarFix platforms, are an acceptable and ef-
ficient alternative method for DBS implantation. Its clinical
accuracy and outcome are comparable to those associated
with traditional stereotactic frame systems.

Copyright © 2010 S. Karger AG, Basel

Background

Deep brain stimulation (DBS) is a well-established
surgical therapy for movement disorders, and its applica-
tions are rapidly expanding into other illnesses such as
depression, obsessive compulsive disorder, pain and epi-
lepsy [1-3]. The success of DBS depends on the neurosur-
geon’s ability to implant electrodes into strategic intra-
cranial targets with extreme precision. Due to the small
size and depth of the targets, DBS surgery requires the use
of stereotactic methodology to locate intracranial struc-
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tures in a 3-dimensional space with millimetric accuracy.
To achieve this degree of accuracy, DBS surgery has tra-
ditionally utilized stereotactic frames, such as the Leksell
(Elekta AB, Stockholm, Sweden) or Cosman-Roberts-
Wells (CRW; Integra Radionics, Burlington, Mass., USA),
that are mounted to the patient’s skull and affixed to the
operating table. These frames serve not only as the fidu-
cial system to translate the target coordinates from the
patient’s image space to their physical space, but also as a
rigid fixation method with precise, 3-dimensional posi-
tioning that allows the surgeon to place the electrodes at
the desired target [4, 5]. In most DBS implant centers, in-
traoperative awake physiological mapping is routinely
used to verify targeting accuracy and make relatively mi-
nor corrections in the final placement of the DBS elec-
trode. The use of traditional stereotactic frames for DBS
surgery typically requires the awake patient to undergo
reference image acquisition, intraoperative mapping and
electrode implantation within the time that the frame is
affixed to the patient’s head. While this represents the
‘gold standard’ in stereotactic DBS surgery, several alter-
native stereotactic methods have arisen to enhance pa-
tient comfort, surgical efficiency (namely the amount of
continuous time required for the patient to undergo
frame application, mapping and DBS electrode place-
ment), and options for bilateral simultaneous mapping
and electrode implantation.

An alternative stereotactic method is to create a cus-
tomized surgical targeting fixture, also referred to as a
STarFix (surgical targeting fixture) platform, that can be
manufactured with relatively short turnaround (3 days
typically) by a rapid-prototyping technology. The senior
author (P.K.) began using this method for stereotaxy
when first introduced to this system in 2002 as the micro-
Targeting™ platform (MTP) incorporating STarFix guid-
ance by FHC Inc. (Bowdoin, Me., USA), which was ap-
proved for human use by the FDA in 2001. The system
includes planning software, bone fiducial markers, and
the manufacturing of a customized, miniature stereotac-
tic frame (MTP) that couples with the bone fiducials.
Since 2002, we have provided input and tested several it-
erations of this system over the years. Although previous
papers from our institution have documented details re-
garding the clinical accuracy of the system based on im-
aging results and virtual testing [6, 7], we have yet to re-
port on the general clinical use of this method of stereo-
taxy for DBS cases. Although a number of clinical centers
in the USA and Europe have begun using this method of
stereotaxy, there is no paper that describes the initial clin-
ical experience in a large and varied population of DBS
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Fig. 1. Virtual computer-aided design diagram of a single, trajec-
tory MTP frame. Four key data points are needed to manufacture
an MTP: (1) bone fiducial anchor location; (2) bone fiducial an-
chor orientation; (3) target; (4) trajectory to target (determined by
an entry point selection). In addition, orientation of the trajectory
with respect to AC-PC and midline are also included in the com-
puter-aided design file. This assures that the MTP is exactly
aligned with patient anatomy, thereby allowing surgeons to easily
move the trajectory in parallel or orthogonal directions with re-
spect to the midline. Figure courtesy of Ron Franklin, FHC Inc.

patients using this system. Furthermore, since this meth-
od of stereotaxy has rapidly evolved over the past 8 years,
there is value in publishing the concepts behind this sys-
tem and some of the options that rapid prototyping offers
surgical targeting. To understand how rapid prototyping
of a surgical targeting fixture can be applied to DBS sur-
gery, the following concepts need to be understood.

The STarFix system utilizes bone fiducial markers at-
tached to a customized MTP [8]. Retaining the basic prin-
ciples of traditional stereotactic frames, the software used
to create a rapidly prototyped stereotaxy platform trans-
lates the image space to the patient’s physical space
through skull-mounted fiducials, and target coordinates
are referenced to the locations of the same bone fiducial
markers (fig. 1). The bone-anchored fiducial markers not
only serve as imaging reference points, but also as an-
chors for a custom-manufactured stereotactic frame. Un-
like traditional frames, placement of the fiducial bone an-
chors occurs in advance of the actual stereotactic frame.
Stereotactic planning is performed using the software
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Fig. 2. Evolution of bone fiducial markers used in this report.
a Original externalized bone post and imaging cap - Acustar™
(Z-Kat Inc., Hollywood, Fla., USA) bone post and cap. b Internal-
ized bone anchors with detachable post and imaging cap - Way-
Point (FHC Inc.) bone anchors with temporary externalized posts

provided by the manufacturer (Voxim™ or WayPoint™
planning software, FHC Inc.), and the final computer-
aided design instruction file is sent in a secure transfer
protocol to the manufacturer (FHC Inc.). A custom plat-
form is manufactured using rapid-prototyping technol-
ogy, and the MTP arrives at the implant center within 3
days of plan submission. Thus, image acquisition must be
decoupled from the intraoperative steps, as the MTP is
created after the reference images have been obtained and
trajectories planned. Each MTP is designed to mate with
submillimetric tolerance to the bone fiducial markers, re-
sulting in a rigid but light-weight platform affixed to the
skull. Standard microdrives (e.g. microTargeting™ drive;
FHC) used to guide electrodes into the brain are mount-
ed to the MTP. The MTP is custom designed to align the
microdrive over the predetermined entry site along the
planned trajectory. Once the entire apparatus is assem-
bled, the MTP maintains the trajectories relative to the
patient’s skull, thereby obviating the need to lock the pa-
tient’s head to the operating table. The present system is
presently marketed under the trade name, WayPoint™
stereotactic system and sold by FHC Inc.

After initial testing of the STarFix MTP system, the
neurosurgeons (P.K. and J.N.) have continued to use it as
our first-choice stereotactic system for DBS implantation
since 2002. We report our clinical experience from 263
patients who underwent DBS implantation using various
iterations of this stereotaxy system at our institution from
2002 to 2008. Analysis of clinical accuracy and operating
room usage times were also performed on subsets of pa-
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and Acustar cap. ¢ Internalized bone anchors with detachable
post and imaging ball — Acustar II. d Internalized anchors only -
WayPoint™ bone anchors, which are presently used for all MTP
cases at our institution.

tients within this series to allow for comparison of the
STarFix system to other available stereotactic systems
used for DBS implantation. Data collection and review
were approved by the Vanderbilt Institutional Review
Board (No. 010809 and 060232).

Methods

Between 2002 and 2008, 265 patients underwent a total of 288
DBS implantation surgeries at Vanderbilt University Medical Cen-
ter using the STarFix MTP system as first choice for all DBS sur-
geries. Surgeries were performed by the first 2 authors (P.K. and
J.N.). Under the Vanderbilt Institutional Review Board protocol,
all but 2 patients gave consent for their clinical and imaging data
to be collected for this study. Thus, surgical complications and
clinical outcomes were analyzed for 263 patients and 284 surgeries.

Surgical Technique

DBS implantation using the MTP was divided into the follow-
ing 2 stages typically separated by 1-2 weeks. Each MTP is manu-
factured from the following data, as illustrated in figure 1: (1) a
minimum of 3 fiducial bone anchor locations, (2) orientation of
the bone anchors to ensure proper coupling of the MTP legs to the
bone anchors, (3) target location with respect to the bone anchors,
(4) trajectory to target as determined by an entry point selection.
Each platform is manufactured from the 3-dimensional coordi-
nates of the data contained in the patient’s CT with fiducials. Fur-
thermore, when identifying the AC-PC and midline structures,
the coordinates of these structures are also sent along with the
instructional file which assures that each MTP is exactly aligned
with the patient’s anatomy, thereby allowing parallel or orthogo-
nal trajectory moves with respect to the midline with conceptual
simplicity.

Konrad/Neimat/Yu/Kao/Remple/
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Fig. 3. Single-mount (a) and dual-mount
(b) MTPs. The virtual design of these plat-
forms is displayed on the planning soft-
ware prior to the order submission.

Stage 1. Bone fiducial marker implantation and preoperative
imaging. The purpose of implanting the bone fiducial markers is
twofold: (a) to provide a rigid reference point to allow images to
be registered to the patient’s physical space and (b) to provide
rigid attachment points for a stereotactic frame. The markers
must remain fixed to the skull and in the same position from the
time of implantation to the time of frame attachment. Figure 2
illustrates the evolution of bone fiducial markers over the course
of 6 years included in this report. The earlier generations con-
sisted of imaging caps or balls that snapped onto posts which were
attached to anchors screwed into the skull. Posts that protruded
through the scalp (fig. 2a) had a propensity for dislodgement in
patients with violent movements. We therefore changed to sys-
tems with detachable posts or bone anchors that could be com-
pletely buried under the scalp. As the planning software im-
proved, external imaging caps or balls were no longer necessary
for the coregistration of MRI to CT, and posts were no longer
needed to define the orientation of the bone anchors. Since 2005,
we have been using the WayPoint™ (bone anchors (fig. 2d) which
are buried completely beneath the scalp, allowing patients to go
home without any externalized hardware. Typically, patients were
implanted with bone fiducial markers 1 week prior to surgery.

Our technique of WayPoint™ bone anchor placement is de-
scribed as follows. We prefer to acquire both the CT and MRI
under general anesthesia to ensure motion-free images, which we
feel improves the accuracy of trajectory planning. We coordinat-
ed the bone anchor placement with the image acquisition as one
outpatient procedure. Once the patient was anesthetized on the
CT table, the scalp was shaved and prepared via standard sterile
technique. Each bone anchor was screwed into the outer table of
the skull through a small stab incision in the scalp. The stab inci-
sions were then closed with staples. Three bone anchors were
placed in patients undergoing unilateral DBS implantation, while
4-6 bone anchors were placed in those undergoing bilateral DBS
implantation. Noncontrasted CT images were acquired with
512 X 512 pixels and 0.5-1-mm slice thickness. Contrast-en-
hanced MRI volumes were obtained on a 1.5- or 3-tesla magnet
(3-dimensional SPGR volumes, TR: 12.2, TE: 2.4; 256 X 256 X
170 voxels; typical voxel dimension of 1 X 1 X 1 mm). No anti-
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biotics were administered either during bone anchor placement
or following the procedure. Patients were sent home with instruc-
tions to keep the bone anchor sites clean by applying hydrogen
peroxide to the anchor sites twice a day until the day of surgery.
Several commercially available software planning programs
are compatible with the STarFix MTP system. During the course
of this series, we have used the Voxim™ and microTargeting™
WayPoint™ planner (available through FHC Inc.), and also the
StimPilot™ (available through Medtronic Neurological Inc., Min-
neapolis, Minn., USA). In addition, we have begun developing an
MTP planning software (CRAVE) that is integrated with a de-
formable physiological atlas [9-11]. With any of the software men-
tioned above, the digital CT and MRI Digital Imaging and Com-
munications in Medicine files were imported into the planning
software and coregistered. Targets were selected on the MRI im-
ages using the Schaltenbrand and Wahren Atlas coordinates for
target nuclei [12-16]. Entry points were selected to avoid crossing
vascular structures. Bone fiducial markers were identified on the
CT images. Once the target, trajectory and bone fiducial markers
were identified, a customized MTP was designed by the software.
As shown in figure 3, either single- or dual-trajectory MTP frames
can be ordered. Once the MTP design was verified, the file con-
taining the specifications for manufacturing an MTP was submit-
ted to the manufacturer by a secure internet file transfer protocol.
The trajectory-specific MTP arrived at our hospital within 3 days.
Stage II. Intraoperative mapping and electrode implantation.
Most patients underwent this stage awake with local anesthetics.
General anesthesia was reserved for patients with violent move-
ments from generalized dystonia. The patient’s head was support-
ed by a padded headrest but not locked to the operating table. The
MTP was rigidly connected to the existing bone anchors using
couplers provided by the manufacturer (fig. 4). The entry point
was marked on the scalp and skull using a guide that fits through
the ring opening of the MTP. A 14-mm diameter burr hole was
then drilled at the planned entry point. An electronic microTar-
geting™ drive (FHC) was mounted onto the MTP and guided
electrodes along the planned trajectories for mapping. Standard
physiological mapping using microelectrode recording (MER)
and/or macrostimulation techniques were performed [13, 16-18].
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MER responses were measured at 0.5-mm increments along each
trajectory, typically starting at 10 mm above and ending at 5 mm
below the planned target. Macrostimulation responses were re-
corded at 1- to 2-mm increments. The depth of the electrode tip
with respect to the planned target was displayed in the software
and was correlated with the drive setting. If necessary, alternate
tracks were tested by passing cannulas through parallel guide
tubes in the drive assembly. Various offset adapters for the drive
assembly allowed target and entry adjustments within a 22-mm
diameter centered on the planned trajectory. The exact coordi-
nates for each tract were displayed on the microTargeting™ Way-
Point™ planner, which also contained the option to display all
possible tracks on the preoperative MRI.

Once the optimal tract and target were identified by physio-
logical mapping, the test electrode was replaced by the quadripo-
lar DBS lead (model 3387 or 3389; Medtronic Neurological Inc.).
Fluoroscopy was initially used during the first 2 years to observe
the exchange of the MER or semimicrostimulating electrodes
with the quadripolar DBS lead. However, since the patient’s head
was not affixed to the operating table and the STarFix MTP sys-
tem did not include a radiographic reference guide, manual or-
thogonal alignment of the patient’s head in the fluoroscopic X-ray
beam was difficult and eventually abandoned. Since 2004 we have
not used fluoroscopy to verify the final exchange of electrodes.
Instead, we rely on physiological testing of the implanted DBS
lead to confirm proper targeting. This is done by the neurologist
who would typically perform the postoperative programming of
the device.

The final DBS lead was anchored to the skull using either the
Stimloc™ device (Medtronic Neurological Inc.) or methylmeth-
acrylate, and the extracranial end of the lead was buried beneath
the scalp. The MTP and bone fiducial markers were removed at
the end of the surgery. A postoperative CT was obtained for all
patients within 24 h to identify any structural complications.

Final DBS electrode connection to an internal pulse generator
was usually performed as an outpatient procedure under general
anesthesia on an alternate day.

Targeting Error Analysis

For patients who underwent the appropriate postoperative CT
protocol (i.e. 512 X 512 pixels with 0.5-1-mm slice thickness), we
used a previously described lead extraction algorithm to identify
the coordinates of the actual implant target [19]. The method we
used to calculate the targeting error was previously published in
D’Haese et al. [19] and briefly summarized here. Once the optimal
target was determined based on intraoperative mapping, we used
the planning software to calculate the position of the midpoint
between the 2 middle contacts, which we defined as the calcu-
lated implant target, in preoperative CT coordinates. An auto-
matic algorithm detected the DBS lead artifact on the postopera-
tive CT and reported the coordinate of the midpoint between the
2 middle contacts, which was defined as the actual implant target
coordinate. By fusing the preoperative CT to the postoperative CT
for each patient, the calculated implant target coordinate and the
actual implant target coordinate were translated into the same
reference space. The distance between the actual and calculated
implant target coordinates was defined as the targeting error.
This targeting error includes not only the software and frame
manufacturing error, but also the surgical placement error and
brain shift error. This was computed for 75 patients in this series.
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Fig. 4. Example of a bilateral MTP mounted on a patient prior to
mounting the microdrives.

Time Usage Analysis

Total surgical time and incision start times were collected for
10 random patients within this series who underwent bilateral
DBS implantation by the senior author (P.K.). Analogous data was
collected for 10 patients who underwent DBS implantation using
the CRW frame by the same surgeon. The CRW cases were from
2001, since we changed to the STarFix system starting in 2002.
Patients were matched based on disease.

Results

The 263 patients included in this series underwent 284
DBS implantation surgeries. A total of 497 leads were im-
planted in these patients. The indications for DBS were
the following: Parkinson’s disease (n = 139), essential
tremor (n = 89), generalized dystonia (n = 31), central
neuropathic pain (n = 3) and failure of previously im-
planted DBS lead (n = 1).

We encountered the following technical complica-
tions. In 3 patients (0.1%) with severe dyskinesias, one or
more bone fiducial markers (Acustar™ early version)
were dislodged before stage II. These patients later un-
derwent DBS implantation using the CRW system. After
the switch to the detachable posts and ultimately to the
bone anchor only system (fig. 2), there were no further
incidents of broken markers. One patient (0.004%) had a
bone fiducial marker infection that resolved after mark-
er removal and antibiotic therapy. After the infection
had cleared, that patient underwent DBS implantation
using the CRW frame. In another patient (0.004%), the
MTP did not fit onto all the bone anchors due to anchor
localization error during planning. For that patient, sur-
gery was postponed until a new MTP was created, and
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subsequent DBS implantation proceeded without prob-
lems.

The targeting error of the MTP system was measured
in 75 patients for whom appropriate postoperative CT
was available for analysis. We found this error to be an
average of 1.99 mm (SD 0.9), and it represents the vector
distance from the intended midpoint of the DBS elec-
trode to the measured midpoint of the implanted DBS
electrode on the immediate postoperative CT scan. Since
the method of error calculation described above does not
account for brain shift or error introduced during elec-
trode fixation, the actual targeting error of the STarFix
system is less than 1.99 mm. A recent study published by
our group further separated this series of patients into
subgroups based on the amount of brain shift. When
brain shift was minimal, targeting error was reduced to a
mean of 1.24 mm (SD 0.4) [19].

Based on our operating room usage analysis, we found
that the total operating room time did not differ signifi-
cantly between CRW versus STarFix cases (309 min vs.
280 min). However, incision start time in STarFix cases
was on average 173 min (p < 0.01) earlier than in compa-
rable CRW cases. This translated to shorter operating
room usage times per case and allows us to perform 2
DBS implantation surgeries on the same day.

Discussion

This report represents our methodology and experi-
ence with the initial use of the STarFix MTP system for
patients undergoing DBS implantation. It is the largest
experience reported to date for the use of this system.
This report also documents, for the first time, the meth-
odology of using a rapidly prototyped stereotactic frame
as it evolved from the initial experience in 2002 until
2008. We also compared the operative times from our
experience with the STarFix system to the CRW stereo-
tactic system used previously.

Our incidence of technical complications using the
STarFix MTP system was quite low (0.1% or less). The
cases of bone marker dislodgement are conceptually sim-
ilar to cases where the traditional stereotactic frame be-
comes detached from the skull, thereby requiring re-
placement of the frame. With refinement of bone fiducial
marker design, this problem has become extremely rare.
The case in which the platform failed to mount correctly
illustrates the importance of accurate fiducial registra-
tion during planning, a fact that also applies to tradition-
al stereotactic frames.

Rapid-Prototype Stereotaxy Frames for
DBS Surgery

Due to the precision required for DBS implantation,
much emphasis has been placed on the accuracy of vari-
ous stereotactic systems. Accuracy is inversely related to
the targeting error, which is the distance between the ac-
tual implant coordinate and the calculated implant coor-
dinate from the stereotactic system. In phantom models,
the Leksell and CRW frames have published targeting er-
rors of 1.7 mm (SD 1.0) and 1.8 mm (SD 1.1), respectively
[20]. The targeting error of STarFix MTPs as studied in
phantom models is 0.42 mm (SD 0.15) [6]. The Nex-
frame™ (Medtronic Neurological Inc.), which is a frame-
less stereotactic system, has a targeting error of 1.25 mm
(SD 0.6) in phantom models [21]. When trying to com-
pare clinical accuracy of various frame systems, the error
is confounded by brain shift during the procedure and
from lead fixation. Thus, most measured targeting errors
in clinical settings are overestimations of the actual tar-
geting error of the stereotactic system. Recently, Kelman
et al. [22] measured the targeting errors from a large se-
ries of patients who underwent DBS implantation using
the Nexframe™ or CRW frame, and found targeting er-
rors of 2.78 mm (SD 0.25) for the Nexframe™ and 2.65
mm (SD 0.22) for the CRW frame. We found a targeting
error of 1.99 mm (SD 0.92) for the MTP system in the
clinical setting. This suggests that the STarFix MTP sys-
tem is at least as accurate as these other systems.

We observed several advantages in using a custom-
ized, miniature frame over a traditional stereotactic
frame. Eliminating the bulk of the frame and the need to
secure the patient’s head to the operating table allowed
patients to adjust their head position during intraopera-
tive mapping, which helped to overcome anxiety and re-
duce discomfort. Effects of test stimulation on head and
neck tremor or dystonia can be more easily detected in-
traoperatively when the head is not locked to the table.

Since January 2005, bilateral implantations have been
performed with dual-mount MTPs (fig. 4).

The dual-mount MTP allows simultaneous bilateral
MER with the use of 2 drives and a multichannel record-
ing system. The ability to record MER data from bilat-
eral nuclei provides a unique scientific opportunity to
compare physiology in homologous nuclei while expos-
ing the patient to various tasking or stimulation para-
digms. By our estimations, it has also reduced the MER
recording time by nearly half at our institution.

By placing the fiducial anchors and acquiring the im-
ages (stage I) on a separate day from the stereotactic map-
ping and lead placement (stage II), several advantages be-
came apparent. Motion-free images can be obtained on a
day prior to surgery when the patient can be fully anes-
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thetized without compromising intraoperative physio-
logical mapping. For most traditional frame cases, the
need to mount the frame and obtain at least a preopera-
tive CT on the same day as intraoperative mapping in-
evitably delays incision time. In our experience, incision
start times for the STarFix cases were typically 2 h earlier
than CRW cases. This translated to shorter operating
room usage times. Since previous studies have shown that
fiducial bone markers can remain implanted for over 3
weeks without added risk of infection [23, 24], the same
MTP and bone anchors can be used for multiple proce-
dures without reapplying new bone markers or ordering
another MTP frame. This provides the option of staging
bilateral DBS implantations without having to repeat the
planning process.

Most of the advantages of miniature stereotactic
frames described above can also be found in the Nex-
frame™ system, which utilizes bone fiducial markers to
relate the image space to the patient’s physical space and
uses a light-weight skull-mounted tower to help guide the
electrodes without rigidly fixing the head to the table.
The fundamental difference between a custom, rapidly
prototyped frame such as MTP and the Nexframe™ lies
in the trajectory alignment method. The STarFix MTP
system incorporates traditional stereotactic frame prin-
ciples of translating the trajectory coordinates mathe-
matically into the platform by coupling with bone fidu-
cials (i.e. the registration and trajectory alignment is built
into the MTP as seen in fig. 1). Nexframe™, on the other
hand, requires optical tracking devices to manually reg-
ister and align the trajectory during surgery [25, 26]. Pre-
cise intraoperative registration and alignment are critical
to ensure the accuracy of the Nexframe™ system. Thus,
conceptually, STarFix platforms are much closer in de-
sign concept to the traditional stereotactic frames.

Disadvantages of a rapidly prototyped stereotaxy sys-
tem include the following. Due to the need for frame
manufacturing and shipping, stage I and II of the proce-
dure must be spaced by at least 3 days in the case of the
MTP system from FHC. This has not been a problem for
our elective DBS practice, and patients have accepted this
well within our own practice. Any error in MTP manu-
facturing could theoretically cause failure of proper
frame mounting or a misplaced electrode. The quality
control inherent in the rapid prototyping process has
been extremely stringent, and we have not encountered
an MTP manufacturing error during the entire period of
this study. Our 1 case of MTP mounting failure was not
due to a manufacturing error but to a fiducial registration
error during the planning step. Implanted bone fiducial
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markers carry a small risk of infection; in our series that
risk was 0.004%. Finally, intraoperative adjustment of
trajectories is presently limited to a 22-mm diameter
area, with any movement outside of that area necessitat-
ing a new MTP to be generated. With appropriate preop-
erative trajectory planning, we have not found the need
to map beyond the 22-mm diameter restriction.

Conclusion

This report provides the first clinical methodology of
a customized, miniature, rapidly prototyped stereotactic
system (presently known as the WayPoint™ microTarget-
ing™ stereotaxy system; FHC Inc.) as an initial user site
from the years 2002-2008. Our extensive clinical experi-
ence indicates that use of the rapidly prototyped MTP
system is an accurate, safe and efficient alternative stereo-
tactic system for the implantation of DBS electrodes. We
have been pleased with its simplicity of use and improved
patient comfort for elective DBS surgeries.
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