
PINAL radiosurgery is a relatively new method for
primary or adjuvant treatment of spinal tumors.
Similar to intracranial radiosurgery, spinal radio-

surgery requires high dose–targeting precision. The lack
of precision of conventional EBRT and the limitations of
target immobilization techniques have precluded the
delivery of large single-fraction doses of radiation in the
vicinity of radiosensitive structures such as the spinal
cord. The frameless CyberKnife radiosurgery system
(Accuray Inc., Sunnyvale, CA) can be used to overcome
these problems because its real-time image guidance
allows target tracking even if patients move during the
procedure. Continuous tracking and correction of spinal
motion throughout treatment is a prerequisite for spinal
radiosurgery because patients do move after the setup is
complete.11 Until recently, clinicians surgically implanted

fiducials into the spine to track the movement of the lesion
during treatment.7,9,12 Fiducial placement introduces some
of the surgery-related risks associated with invasive
surgery, lengthens treatment time, and reduces a patient’s
level of comfort. It would be ideal if, instead of fiducials,
the surgeon could track spinal lesions by using osseous
landmarks (similar to tracking intracranial lesions based
on skull anatomy). Recently, such a system was intro-
duced (Xsight Spinal Tracking System; Accuray Inc.).3,4 It
is the aim of the present study to provide a technical
description of the new fiducial-free alignment procedure,
to assess targeting accuracy in end-to-end phantom tests,
and to assess the tracking system’s clinical feasibility for
the radiosurgical treatment of tumors throughout the
spine. 

Clinical Material and Methods

CyberKnife Radiosurgery

The CyberKnife robotic radiosurgery system consists of
a 6-MV compact LINAC mounted on a computer-con-
trolled six-axis robotic manipulator.1,10,13 Integral to the
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Object. The authors describe the technical application of the Xsight Spine Tracking System, data pertaining to
accuracy obtained during phantom testing, and the initial clinical feasibility of using this fiducial-free alignment
system with the CyberKnife in spinal radiosurgery. 

Methods. The Xsight integrates with the CyberKnife radiosurgery system to eliminate the need for implantation
of radiographic markers or fiducials prior to spinal radiosurgery. It locates and tracks spinal lesions relative to spinal
osseous landmarks. The authors performed 10 end-to-end tests of accuracy using an anthropomorphic head and cer-
vical spine phantom. Xsight was also used in the treatment of 50 spinal lesions in 42 patients. Dose planning was
based on 1.5-mm-thick computed tomography slices in which an inverse treatment planning technique was used.

All lesions could be treated using the fiducial-free tracking procedure. Phantom tests produced an overall mean tar-
geting error of 0.52 6 0.22 mm. The setup time for patient alignment averaged 6 minutes (range 2–45 minutes). The
treatment doses varied from 12 to 25 Gy to the median prescription isodose of 65% (40 to 70%). The tumor volume
ranged between 1.3 and 152.8 cm3. The mean spinal cord volume receiving greater than 8 Gy was 0.69 6 0.35 cm3.
No short-term adverse events were noted during the 1- to 7-month follow-up period. Axial and radicular pain was re-
lieved in 14 of 15 patients treated for pain. 

Conclusions. Fiducial-free tracking is a feasible, accurate, and reliable tool for radiosurgery of the entire spine.
By eliminating the need for fiducial implantation, the Xsight system offers patients noninvasive radiosurgical inter-
vention for intra- and paraspinal tumors.

KEY WORDS • spine • CyberKnife • radiosurgery • fiducial-free registration

S

303

Abbreviations used in this paper: CT = computed tomography;
DRR = digitally reconstructed radiograph; EBRT = external-beam
radiotherapy; LINAC = linear accelerator; MR = magnetic reso-
nance; ROI = region of interest; 2D = two-dimensional; 3D = three-
dimensional.

 



system are the orthogonally positioned x-ray cameras that
acquire images during treatment. The images are pro-
cessed automatically to identify radiographic features and
are registered to the treatment planning study to measure
the position of the treatment site in real time. The system
adapts to changes in patient position during treatment by
acquiring targeting images repeatedly and then adjusting
the direction of the treatment beam. In contrast to a gan-
try-mounted LINAC, the treatment beam can be directed
at the target from nearly anywhere around the patient, lim-
ited only by obstacles such as the treatment couch. 

Fiducial-Free Spinal Tracking

The safety and effectiveness of fiducial-based targeting
(or, in cases of high cervical lesions, targeting based on
cranial anatomy) for CyberKnife treatment of the spine
has been previously reported.2,6,8,12 The new Xsight fidu-
cial-free localization process is performed in several
stages.

Image Enhancement. Pretreatment DRRs derived from
CT scans and intratreatment radiographs undergo image
processing to improve the visualization of the osseous an-
atomy (Fig. 1). The image-processing method enhances
skeletal structures on the DRRs3 and includes three steps:
1) exponential transformation of CT scans to enhance ske-
letal structures and suppress soft tissue; 2) DRR genera-
tion by x-ray casting and trilinear interpolation; and 3) fil-

tering of DRRs to further enhance skeletal features.

Region of Interest. An ROI containing the maximum os-
seous anatomical information surrounding the target vol-
ume is selected. Selection is based on an initial user-de-
fined position, which is refined automatically by an
algorithm that seeks to maximize the image entropy with-
in the ROI. The resulting optimal ROI typically includes
one to two vertebral bodies that form the basis of patient
tracking and alignment (Fig. 2).

Image Registration. Two-dimensional–three-dimension-
al image registration uses similar measures to compare the
radiographs and DRRs, and a spatial transformation pa-
rameter search method to determine changes in patient
position. In the Xsight system,4 two orthogonal enhanced
x-ray projections are used to register with a pair of
enhanced DRRs, which are generated from the planning
CT to solve for 3D target displacements. A mesh is then
overlaid in the ROI. Local displacements in mesh nodes
are estimated individually but are constrained by dis-
placement smoothness. Nodal displacements within the
mesh in the two images form two 2D displacement fields. 

Three-Dimensional Tumor Localization. Three-dimen-
sional displacements of the targets and global rotations of
spinal structures within the ROI can be calculated from the
two 2D displacement fields by interpolation. Three transla-
tions and three global rotations are aligned during patient
setup and corrected during treatment delivery (Fig. 3).

A. Muacevic, et al.

304 J. Neurosurg: Spine / Volume 5 / October, 2006

FIG. 1. Results of the image-enhancement process of the DRR (A) and the intratreatment radiograph (B). Both sets of
radiographs undergo image processing based on top-hat filtering to improve the visualization of the osseous anatomy (C
and D). These images were obtained in the patient in the Illustrative Case.



Phantom Tests

The accuracy of the spinal radiosurgical procedure was
assessed with an anthropomorphic head and cervical spine
phantom. These phantoms have cavities into which a mea-
suring device, referred to as a ball-cube targeting tool, can
be inserted. Using this device, all tracking modalities pro-
vided by the CyberKnife system can be simulated: fidu-
cial tracking, skull tracking with six degrees of freedom,
and, by using a smaller insert (mini ball-cube) anterior to
the C-7 vertebra, Xsight tracking for spinal targets. The
ball-cube is a precisely machined solid water cube with an
acrylic ball (diameter 31.75 mm; mini ball-cube diameter
19.00 mm) in the center. This cube consists of four pieces
that connect together using threaded nylon rods and nuts.
Two self-developing radiochromic films (Gafchromic
MD-55; International Specialty Products, Wayne, NJ) are
inserted perpendicularly between those pieces. After care-
fully aligning the film edges with the reference edges of
the ball-cube, the nuts are tightened to keep the film in
position. The ball-cube is then loaded into the head phan-
tom and a 1.0- to 1.5-mm-thick axial slice CT scan is gen-
erated. Based on the CT study, an isocentric treatment
plan is calculated targeting the contoured acrylic ball. The
resulting dose distribution is centered on the spherical tar-
get. A 20-Gy dose was prescribed to the 70% isodose line.
While DRRs are generated, the phantom is positioned on
the treatment table using a standard thermoplastic mask. 

By comparing real-time images with the reference im-

ages, the couch correction offset is minimized and the
treatment is delivered as planned. The exposed films are
removed from the phantom and analyzed immediately af-
ter radiation delivery. The films are scanned using a cali-
brated optical scanner, and the difference between the cen-
ter of the dose distribution and the center of the film is
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FIG. 2. Image ROI selection for spinal tracking. An ROI con-
taining the maximum osseous anatomical information surrounding
the target volume is selected based on an initial user-defined posi-
tion, which is refined by an algorithm that seeks to maximize the
image entropy within the ROI. The resulting ROI typically in-
cludes two vertebral bodies, which form the basis of the treatment
alignment.

FIG. 3. The hierarchical mesh tracking procedure. Registration
is performed using a hierarchical mesh technique in which the cal-
culation is made at a series of discrete points within the ROI. The
process is iterative, with additional registration points added at
each step to improve the spatial resolution of the result. This ap-
proach generates a deformable registration model, which can ac-
count for nonrigid changes in the patient posture between pre- and
intratreatment imaging. The deformation is apparent in the mesh in
the x-ray panel.



measured in three directions (anteroposterior, left–right,
and inferosuperior) using a software tool. The total target-
ing error is then calculated as the length of the distance
vector. This test includes the uncertainties arising from all
stages of treatment, from CT scan to radiation delivery.
Additional details of this procedure have been provided
by Yu, et al.14 The end-to-end test was conducted 10 times.

Patient Population

A consecutive series of 42 patients underwent 50 spinal
radiosurgical procedures between August 1, 2005, and
February 20, 2006, in which the fiducial-free tracking sys-
tem was used. In all patients, the Karnofsky Performance
Scale score was 50 or greater. In patients with metastatic
disease, a biopsy sample obtained at the primary site was
histologically confirmed. Patients were also included
when they harbored recurrent surgical lesions (that is,
local recurrences after surgery), lesions requiring difficult
surgical approaches, or previously irradiated lesions pre-
cluding further EBRT. Only patients with a life expectan-
cy of at least 6 months were selected for spinal radiosur-
gery. Evidence of spinal instability precluded inclusion in
the study. There were 25 male and 17 female patients who
ranged in age from 2.5 to 81 years (mean 55 years). Table
1 summarizes the characteristics of the treatment group
and Table 2 classifies the tumors into histological type.

The first clinical follow-up examination was performed
1 week after radiosurgery to analyze the patient’s status,
particularly the pain level. Clinical evaluations and CT
and/or MR imaging studies were conducted 1, 3, and 6
months after treatment. If the patient could not come to the
clinic because of his/her physical disability, data were col-
lected over the telephone. Each evaluation included clini-
cal investigation and evaluation of pain status using a 10-
point pain scale (with scores being compared with those
obtained the day of treatment). Changes in prescribed anal-
gesic medication were recorded. Only pain that could rea-
sonably be attributable to the tumor was used for analysis.

Treatment Procedure

Planning and delivery of treatment were performed on
an outpatient basis. After consultation, the planning CT
study was performed with the patient placed in a supine

position without vacuum bags or alpha cradles. The im-
ages were acquired at 1.5-mm slice thickness including
the lesion, as well as 5 cm above and below. In most cases,
axial T1-weighted Gd-enhanced MR images of the lesion
were fused with the CT scans for better soft-tissue dis-
crimination. Treatment planning with Multi Plan software
(version 1.4.0; Accuray Inc.) was performed by a team of
neurosurgeons and specialized radiation physicists. The
tumor dose was based on the tumor histological type, spi-
nal cord tolerance, and history of radiotherapy. Treatment
doses were equivalent to those used for cranial radiosur-
gery. An inverse treatment planning technique ensured
that the tumor received the maximum dose and placed re-
strictions on the maximum dose to the spinal cord. Be-
cause the beam directions are not confined to a common
isocenter, the system can produce complex dose distribu-
tions, resulting in beam patterns that wrap around the
spine and minimize exposure to the cord. A limit of 800
cGy was set as the maximum spinal cord dose for extra-
medullary lesions. All treatments were performed in a sin-
gle fraction. Patients were positioned on the treatment
table without any immobilization device (Fig. 4). Pillows
for patient comfort were used as they had been during the
planning CT session. Patients with significant pain re-
ceived orally administered analgesic agents, but no further
intravenous sedation was required. Each patient returned
for radiosurgery within 1 week of treatment planning. Af-
ter treatment, clinical follow-up examination was per-
formed to determine if any immediate adverse effects had
been caused by the therapy, according to the aforemen-
tioned follow-up time schedule. 

The mean values are presented as 6 standard devia-
tions.

Results

Phantom Tests

As determined by a series of 10 completely independent
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TABLE 1
Summary of histories and characteristics 

in 42 patients with 50 lesions

Characteristic No. of Cases

levels treated
cervical 7
thoracic 15
lumbar 23
sacral 5

previous EBRT 11
previous op 10
multiple lesions treated 8
primary indication for radiosurgery

pain 15
primary treatment modality 15

progressive neurological deficit 9
radiation boost 3

TABLE 2
Histological tumor types*

Tumor Type No. of Cases

metastatic lesions (total) 42
renal cell 19
MPNST 3
lung 3
hemangioblastoma 3
sarcoma 3
neuroendocrine carcinoma 3
breast 3
melanoma 2
stomach 1
prostate 1
medulloblastoma 1

ependymoma Grade III 2
benign lesions (total) 6

neurinoma 2
chordoma 2
meningioma 1
pilocytic astrocytoma 1

overall total 50

*MPNST = malignant peripheral nerve sheath tumor.



end-to-end tests involving a 1.5-mm CT slice thickness,
the mean total targeting error of our specific CyberKnife
system was 0.52 6 0.22 mm. The results of the individual
tests are listed in Table 3. 

Clinical Data

We treated 50 spinal lesions (seven cervical, 15 thora-
cic, 23 lumbar, and five sacral) in 42 patients. The tumor
volume ranged from 1.3 to 152.8 ml (mean 29.8 ml). Ten
patients had previously undergone surgery—three be-
cause tumor resection was incomplete and three because
follow-up imaging revealed tumor progression at the site

of resection. Repeated surgery was denied either by the re-
ferring surgeon or by the patient. Eleven lesions had re-
ceived previous EBRT 12 to 40 weeks before radiosur-
gery; in these patients, additional conventional irradiation
was precluded because of previous doses to the spinal
cord. The follow-up period ranged from 1 to 7 months. 

All tumors were treated in a single fraction of 12 to 25
Gy to the 65% isodose line (Table 4). The fiducial-free
tracking procedure was effective in all cases, even without
patient-immobilization devices. The mean setup time for
patient alignment on the treatment couch was 6 minutes
(range 2–45 minutes). Fourteen of 15 patients treated for
lesion-related pain as the primary indication for radio-
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FIG. 4. Photograph of patient position during spinal radiosurgery for a lumbar lesion. The patient lies on the treatment
couch without any vacuum bags or fixation devices. A cushion is placed under the legs for comfort. The pretreatment CT
scan was obtained with the patient in the same position.

TABLE 3 
Results of end-to-end phantom tests*

Mean Ant Total Targeting
Test No. Lt Error Ant A/L Sup Error Ant A/S Error Error

1 0.55 0.64 20.68 0.34 0.49 1.00
2 20.34 0.14 0.09 0.61 0.37 0.51
3 0.06 0.02 0.03 0.50 0.26 0.27
4 0.15 0.65 0.01 0.41 0.53 0.55
5 0.31 0.16 20.08 0.29 0.23 0.39
6 20.14 20.21 20.60 20.12 20.16 0.64
7 20.33 0.11 0.17 20.03 0.04 0.37
8 20.13 0.09 0.15 20.34 20.13 0.23
9 20.65 20.27 20.28 20.42 20.34 0.78

10 20.45 20.03 20.12 20.21 20.12 0.48
0.52 6 0.22

*All dimensions are recorded in millimeters. Abbreviations: A/L = anterior/left; Ant = anterior; A/S = anterosuperior, 
Sup = superior.



surgery experienced a significant pain reduction during
the 1st week of treatment. There were no cases of symp-
tom exacerbation, radiation-induced myopathy, hemor-
rhage, neurological changes, or required hospitalization
immediately after treatment. Additionally, short-term ad-
verse events did not occur in any of the patients who re-
ceived conventional fractionated radiotherapy before ra-
diosurgery. One patient underwent surgery 2 months after
treatment for lumbar segmental instability unrelated to
radiosurgery.

Illustrative Case

History. This 56-year-old woman was transferred to our
hospital for progressive gait disturbances accompanied by
strong neck pain, which had been treated with morphine
for 8 weeks. Incomplete surgery for a C-5 non–neuro-
fibromatosis Type 1 malignant peripheral nerve sheath 
tumor had been performed 6 months prior to admission.
After surgery, the patient underwent a 40-Gy course of
conventional fractionated radiotherapy covering the
whole spinal canal. 

Examination. Cervical MR imaging upon admission re-
vealed a large contrast-enhancing mass compressing the
spinal cord anteriorly at C-5 (Fig. 5). 

Treatment. Spinal radiosurgery was chosen because the
conventional therapies failed to achieve local tumor con-
trol, and the patient rejected a second surgery via an anteri-
or approach. The patient underwent a single-fraction 13.5-
Gy-dose procedure prescribed to the 80% isodose (Figs. 6
and 7). A small collimator (5 mm) and a large number of
beams (311 total) were used to achieve maximum dose
conformality and the lowest possible dose to the spinal
cord. Figure 8 (upper) shows 3D translational motion  and
the individual components (rotation angles) of orientation
during the first path of treatment (45 minutes). Small move-
ments made by the patient caused automatic corrections of

the beam direction. A larger movement at node 22 required
an automatic couch correction. The duration of treatment
was 2.5 hours and was well tolerated by the patient.

Posttreatment Period. One week after treatment, mor-
phine medication was reduced by 50%, and after 2 weeks,
it was completely withdrawn. At 4 weeks after treatment,
MR imaging demonstrated a reduction in tumor volume of
approximately 70% (Fig. 5). The patient died 5 months af-
ter radiosurgery of progressive systemic disease. There
were no additional neurological deficits after the radiosur-
gery procedure.

Discussion

Spinal radiosurgery demands high precision. Because it
has been well documented that patients move during treat-
ment, it is important continually to detect and correct for
motions of the spine throughout the procedure. Because
skeletal structures such as vertebrae move independently,
clinicians using the CyberKnife have had to implant fidu-
cials into the spine to track the movement of the lesion du-
ring treatment, and this introduced some of the risks and
discomfort associated with invasive surgery. The intro-
duction of Xsight enables the continuous tracking of spi-
nal lesions based on anatomical landmarks instead of sur-
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TABLE  4
Summary of radiosurgery treatment characteristics

Characteristic Mean Min Max

prescription dose (Gy) 18 12 25
isodose (%) 65 40 70
treatment volume (cm3) 33.2 1.3 152.8
conformality index 1.09 1.25 2.41
homogeneity index 1.45 1.22 2.1
coverage (%) 92.5 71 99.7
vol spinal cord .8 Gy (cm3) 0.69 0.2 2.2
no. of beams 142 75 330

FIG. 5. Left: Sagittal T2-weighted MR image obtained in a patient undergoing surgery and conventional radiotherapy
for a malignant peripheral nerve sheath tumor at the C-6 level (arrow). The recurrent tumor was compressing the spinal
cord anteriorly. Instead of repeated surgery, CyberKnife radiosurgery was performed using fiducial-free tracking.
Right: Sagittal image acquired after spinal radiosurgery. The tumor has shrunk significantly (arrow) and the anterior cord
compression has been eliminated.



gically implanted fiducials. Until now, however, data con-
cerning the technical accuracy in a clinical setting of this
new fiducial-free spinal tracking procedure and its first
clinical results were lacking.

Fiducial-Free Tracking

Prior to the introduction of the Xsight system, align-
ment of each treatment beam to the target volume usually
required the localization of implanted fiducial markers
(typically, four to six steel screws placed in vertebrae near
the lesion).9,12 A comparison of the marker locations on
pretreatment DRRs to their locations in intratreatment or-

thogonal radiographs allowed the calculation of the rigid-
body six-dimensional (three translation and three rotation)
offset between the target volume position during treatment
planning and during treatment delivery. This offset was
used to adjust the orientation of the robotic manipulator on
which the LINAC is mounted to maintain the planned
alignment of each beam to the target volume. This imag-
ing-and-alignment process was repeated between beams
to compensate for patient motion during treatment. The
total clinical accuracy of this system for treatment of the
spine, a measurement of the cumulative geometrical un-
certainty associated with pretreatment imaging, treatment
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FIG. 6. Axial (A), coronal (B), and sagittal (C) views of a treatment plan. Note the sharp dose gradient near the spinal
cord. The thick green line represents the prescribed isodose, and the blue and pink shaded regions adjacent to the treated
volume represent dose constraints placed around the spinal cord.



planning, intratreatment imaging, and treatment delivery,
has been assessed to be less than 1 mm.14

The main advantages of the new fiducial-free system
are twofold. 1) Nonrigid deformation is accounted for, po-
tentially improving the treatment accuracy in cases in
which the patient’s body poses have changed. 2) Fiducial
marker insertion is not required, thereby eliminating the
risks of complication and increasing convenience for both
the patient and clinician. An additional advantage is that
the possibility of fiducial marker migration is removed
(although, with spinal screws the risk of this migration is
low). 

Phantom Tests

Our end-to-end tests using Xsight resulted in a mean
total clinical accuracy (total targeting error) of 0.52 6
0.22 mm. Achieving submillimetric accuracy in radiosur-
gical procedures necessitates quality assurance procedures
that cover the entire “treatment chain,” from imaging and
treatment planning to dose delivery. The end-to-end test is
designed to verify that the CT scanner and each of the
components included in the CyberKnife system (robot, ra-
diography, target location algorithms, and couch control
system) yield the highest precision to meet the overall spe-
cified targeting accuracy of less than 1 mm. Phantom
tests, however, can only measure the physical accuracy of
the individual setup and do not take into account factors
such as a patient’s movement. This inherent problem is
true for most of the published results of system accuracy
tests. 

The total accuracy of the CyberKnife system for spinal
treatments has been reported in two studies, in both of
which the investigators used implanted fiducial markers
instead of osseous anatomy for beam targeting, and used a
film-based phantom test method that was similar to ours.
Ryu, et al.,12 reported a total clinical accuracy of 1.0 to 1.2
mm. They used an earlier version of the robotic manipula-
tor, whose positioning accuracy was poorer than the cur-
rent system (6 0.5 mm compared with 6 0.2 mm). They
also used an earlier version of the tracking software. Fidu-

cial-based accuracy was measured with a more recent Cy-
berKnife system by Yu, et al.14 They performed 16 tests
and reported a total clinical accuracy of 0.7 6 0.3 mm.
The similarity to the measures obtained in the present
study demonstrates that anatomy-based targeting has
comparable or even superior accuracy to that obtained
using fiducial markers in rigid phantoms. 

Clinical Feasibility

Radiosurgical procedures were well tolerated by our pa-
tients. Single-dose treatment was chosen because clinical
and in vitro studies have overwhelmingly demonstrated its
high efficacy and low morbidity rate for intracranial tu-
mors. Similar to the approach of Gerszten, et al.,5 we
based our spinal treatment regimens on experience in in-
tracranial radiosurgery. Although the follow-up period is
too short to allow for conclusive clinical evaluations, the
results of the present study showed that fiducial-free
tracking spinal radiosurgery was feasible for cervical, tho-
racic, lumbar, and sacral regions of the spine. Treatments
were performed without using an alpha cradle or other im-
mobilization device, which is a significant advantage for
patient comfort during treatment. Patients were placed in
a supine position with a cushion under the legs for more
comfort during CT scanning and treatment. A second sig-
nificant finding is that spinal radiosurgery produced rapid
pain reduction (within 7 days of treatment) in 14 of the 15
patients treated for pain. This finding agrees with that of
Degen, et al.,2 and Gerszten, et al.8 Spinal radiosurgery
may offer improved pain control by allowing larger radio-
biological doses than standard fractionated radiotherapy,
which is limited by the tolerance of adjacent tissues. 

In two patients, spinal transpedicular screw fixation was
performed before radiosurgery. The fiducial-free tracking
algorithm was still able to find enough corresponding os-
seous points for image registration; however, we advocate
placing the spinal instrumentation after radiosurgery
whenever possible because steel artifacts may hamper the
precise delineation of the lesion on CT and MR images.

We sought to achieve a steep dose gradient to the lesion
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FIG. 7. Cumulative dose–volume histogram showing the planning target volume (PTV) and spinal cord coverage. The
spinal cord was completely spared at the 80% dose prescription level. 



in a single fraction, restricting the dose to the spinal cord
to a maximum dose of 8 Gy. No short-term side effects
were noted in association with this approach. This dose
limit was exceeded in two of the six patients with a histo-
ry of surgery. These two patients presented with signifi-
cant spinal cord compression (Fig. 5), and repeated open
surgical resection was thought to be unfeasible. The tu-
mors in these patients received up to 14 Gy to a limited
volume of the myelon. Fortunately, this did not result in
early adverse events. Myelopathic symptoms improved in

both patients. In addition, 11 patients underwent conven-
tional radiation 12 to 40 weeks before radiosurgery. None
of these patients suffered radiation-related toxicity after
CyberKnife treatment. A more prolonged follow-up peri-
od is needed to analyze whether these doses lead to ad-
verse radiation reactions. Tumor control rates could not be
reported in the present study because of the short follow-
up period. It was the aim of our paper to describe the fidu-
cial-free tracking system and indicate its feasibility in the
treatment of lesions all along the spine.
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FIG. 8. Three-dimensional translational motion in millimeters (upper) and the individual components (rotation angles)
of orientation in degrees (lower), plotted as a function of treatment node during the first path of treatment. The patient’s
position and orientation are recorded every three nodes. At Node 22 (~ 17 minutes into the procedure), because the pa-
tient’s movements caused a left–right roll error, an automatic couch correction was necessary. The smaller corrections
(#1.8 mm) until the end of the path were made automatically by the robot. CCW/CW = counterclockwise/clockwise.



Conclusions

Fiducial-free spinal tracking is a feasible, accurate, and
reliable tool for spinal radiosurgery of cervical, thoracic,
lumbar, and sacral lesions. It eliminates the need for im-
plantation of radiographic markers, or fiducials, in the de-
livery of radiosurgery treatments for spinal tumors. Fidu-
cial-free spinal radiosurgery, therefore, has a significant
advantage for outpatient spinal radiosurgery in terms of
time, cost of treatment, and quality of life of the patient. 
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