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Abstract

Background Symptomatic multilevel cervical myelopa-
thy is often addressed using posterior decompression
using two-dimensional fluoroscopy. Intraoperative three-
dimensional fluoroscopy provides more accurate information
on the position of instrumentation to prevent screw-related
complications.

Questions/purposes We documented the incidence of
hardware-related complications and evaluate cost-effectiveness
when using intraoperative three-dimensional fluoroscopy
(ISO-C CT) in posterior cervical spine surgery.

Methods Records from 87 patients who underwent pos-
terior cervical decompression and instrumented fusion for
multilevel cervical spondylosis with myelopathy were ret-
rospectively reviewed. Patients in whom a lateral mass,
pars, or pedicle screw was removed or revised based on
intraoperative ISO-C CT was recorded. Cost analysis was
performed using 2008 Medicare reimbursements and was
compared against cost estimates for ISO-C CT.
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Results  Seven patients (8%) had screws changed based
on the results of the three-dimensional fluoroscopy: 0.5%
of lateral mass screws, 3.1% of thoracic pedicle screws,
and 15% of C2 pars screws. No patients who had evalua-
tion of hardware with the ISO-C CT required a return to
surgery for complications secondary to hardware failure,
malposition, or cutout.

Conclusions Cost savings are achieved if use of intra-
operative ISO-C CT prevents eight patients from requiring
a return to the operating room. If every malpositioned
screw has the potential to be symptomatic, then
240 patients must have screws placed to be cost-effective.
ISO-C CT can safely replace postoperative CT as the
standard of care in patients undergoing posterior cervical
spinal fusion.

Level of Evidence Level III, economic and decision
analyses. See Guidelines for Authors for a complete
description of levels of evidence.

Introduction

Cervical myeloradiculopathy is one of the most common
indications for spinal surgical intervention in the United
States and worldwide. Among spinal fusion procedures,
cervical spine fusion is the most common with a reported
incidence of seven to 38 per 100,000 people in the United
States [17]. The total cost of spinal fusion surgery in the
United States in 2004 was estimated at $4.8 billion [17].
Specifically, posterior cervical fusion surgery was estimated
to cost $71,632 per patient [17]. This high cost necessitates
that instrumentation be accurately placed and radiographi-
cally confirmed in a timely manner to prevent the need for a
costly revision surgery secondary to malposition or poor
placement leading to hardware cutout or failure.
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Authors such as Magerl, Roy-Camille, Anderson, and
An have developed different methods of placing lateral
mass screws, but each method carries the risk of well-
reported complications [1, 2, 19, 26, 32]. The most com-
monly reported complications of lateral mass screw
placement include screw breakage or pullout, vertebral
artery injury, nerve root injury, and spinal cord impinge-
ment. The incidence of symptomatic misplacement of
hardware necessitating a return to the operating room for
removal and/or replacement of the offending screw has
been reported as 1.5% to 1.8% [4, 9, 14, 16, 22, 25, 27, 28,
35, 37].

Currently the standard of care in evaluating posterior
cervical instrumentation is two-dimensional intraoperative
fluoroscopy (or radiography) and/or postoperative CT
scanning. The reported incidence of hardware complica-
tions when using fluoroscopic guidance alone is 0.4% to
1.4% for neurologic injury and 0% to 8.2% for vascular
injury per screw placed [5, 6, 11, 13, 18, 21, 23, 24, 30,
31, 33, 35]. The availability of intraoperative three-
dimensional imaging techniques such as isocentric C-arm
three-dimensional CT (ISO-C CT) enables the surgeon to
more accurately evaluate the placement of hardware in
complex anatomic regions.

The purpose of our study was to document the incidence
of hardware-related complications and evaluate cost-
effectiveness when using intraoperative three-dimensional
fluoroscopy in posterior cervical spine surgery.

Materials and Methods

We retrospectively reviewed inpatient and outpatient
records of 87 patients who underwent posterior cervical
laminectomy and instrumented fusion for multilevel cer-
vical myeloradiculopathy between January 2005 and
December 2008. The age distribution of patients who
underwent posterior cervical decompression and instru-
mented fusion for multilevel cervical spondylosis with
myelopathy ranged from 10 to 89 years with a mean of
58.6 years. Males and females constituted 63% and 37% of
the cases, respectively (Table 1). Data were obtained from
medical records. Additionally, all patients were directly
contacted to ensure a revision procedure had not been
performed at an outside institution.

Surgery was performed by the senior investigators
(ACH, AJ) and all intraoperative three-dimensional fluo-
roscopic images were interpreted by the same surgeon.
Intraoperative three-dimensional fluoroscopy was used in
67 of the 87 cases (77%) (Table 2). It was not used in
100% of cases because ACH began using intraoperative CT
before AJ. Thus, the population had a control group
including those who only received postoperative CT
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Table 1. Patient demographic data and hardware

Patient and hardware Number
Number of patients 87
Gender 55 male, 32 female
Average age 58.6 years (range,
10-89)

Average number of levels of instrumentation 5 (range, 2-7)
Total number of screws placed 713

Lateral mass 597 (81.3%)

Pedicle 96 (13.1%)

C2 pars 20 (2.7%)
Lateral mass screws/pedicle screws

C3 116 (16.7%)

C4 139 (20.1%)

C5 160 (23%)

C6 140 (20.2%)

C7 42 (6.1%)

T1 96 (13.9%)
Average screw length

Lateral mass 11.2 mm

Pedicle 22.4 mm

evaluation. We used intraoperative three-dimensional
fluoroscopy (Siemens Siremobil Iso-C 3D, C-arm CT,
Erlangen, Germany) for evaluation of subaxial cervical
lateral mass, C2 pars, and upper thoracic (T1) pedicle
screws. It is our preference to perform all posterior cervical
spine surgery using a Jackson table with a chest board and
hip and thigh pads. Intraoperative neuromonitoring is
routinely used. The patient’s head is held on a face board
using a face pillow and Gardner-Wells tongs are used to
provide 20 Ibs of traction during positioning and surgery.
The arms are placed at the patient’s side and rest on arm
boards. Traction is applied through the shoulders using silk
tape to remove any redundancy in the skin over the pos-
terior cervical spine. The Iso-C-CT scan is then draped
sterilely and is used for its biplanar fluoroscopy capability
during the initial portions of the surgery to localize the
appropriate levels (Fig. 1). After all instrumentation is
placed, the wound is completely sealed and a three-
dimensional study, including axial, sagittal, and coronal
views, is obtained intraoperatively to assess hardware. This
study is immediately available for review by the operating
surgeon. On satisfactory review, the wound is uncovered
for completion of the procedure.

A total of 713 screws were placed, 597 in the lateral
masses of the subaxial cervical spine, 96 in the T1 pedicles,
and 20 in the C2 pars region. Of the lateral mass screws
placed, 116 (16.7%) were placed in C3, 139 (20.1%) were
placed in C4, 160 (23%) were placed in C5, 140 (20.2%)
were placed in C6, and 42 (6.1%) were placed in C7. All 96
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upper thoracic pedicle screws (13.9%) were placed in T1.
The average length of screw placed was 11.2 mm in the
lateral mass and 22.4 mm in the pedicle or pars.

Table 2. ISO-C use and screw demographics

ISO-C use and screw demographics

Number

ISO-C CT used
Postoperative CT also used
Postoperative CT not used

ISO-C CT Not Used
Postoperative CT also used

Postoperative CT not used

Number of patients who had screws
changed based on ISO-C image

Number of screws changed based

on ISO-C image

Breakdown of changed screws

Lateral mass

Removed

Shortened

Pedicle
Repositioned

Occipital
C2 Pars

Removed
Repositioned
Surgical revisions

ISO-C was used
ISO-C Not used

67 (77.0%)

23 (26.4%)

44 (50.6%)

20 (23.0%)

7 (8.0%)

13 (14.9%)

7 patients (8%)

9 screws (1.2%)

3 screws (3.5% per patient)
2 screws

RT C6—Ilateral breakout
LT C6— lateral breakout
1 screw

LT C4—shortened 2 mm
to 10 mm

3 screws (4.8% per patient)
3 screws

2 T1—Ilateral breakout
RT Tl1—Ilateral breakout
0 screws

3 screws (20% per patient)
2 screws

abutting vertebral arteries
1 screw

LT crossed facet joint

0 revisions

1 revision

We recorded cases in which hardware was changed
(screw removal, screw shortening/lengthening, screw
redirection) based on the result of the intraoperative three-
dimensional study. All inpatient and outpatient records
were further reviewed to identify any patients whose sur-
gery was complicated by a new radiculopathy, vascular
injury, or hardware failure secondary to hardware malpo-
sitioning postoperatively despite the use of intraoperative
three-dimensional fluoroscopy. All patients were directly
contacted to ensure a revision procedure had not been
performed at an outside institution.

We performed cost analysis using 2008 Medicare
reimbursement for revision cervical spine surgery (Diag-
nosis Related Groups 471, 472, 473) and was compared
against cost estimates for startup and incremental costs
associated with isocentric C-arm three-dimensional fluo-
roscopy (obtained from industry sources) as well as the
cost of postoperative CT.

Results

Nine screws (1.2%) in seven patients (8%) were changed
based on the findings of intraoperative three-dimensional
fluoroscopic evaluation. Two screws were removed during
revision surgery from one of the 20 patients who was not
evaluated with intraoperative three-dimensional fluoros-
copy. In this patient, the screws were removed because the
patient reported numbness and tingling in a C5/6 derma-
tome distribution. Of the nine screws changed based on
ISO-C CT evaluation, four screws were removed second-
ary to malpositioning but not replaced as a result of
insufficient bone stock or lateral cutout. Two screws were
removed at C6 for lateral breakout and two C2 pars screws
were removed for abutting the vertebral arteries. Four other
screws (three T1 pedicle and one C2 pars) were reposi-
tioned and one screw was shortened (Table 2). The three
T1 pedicle screws were repositioned as a result of lateral

Fig. 1A-C (A) An image of patient draping during intraoperative use of the isocentric 3-dimensional C-arm is shown. (B) An image of sterile
patient draping during fluoroscopy is shown. (C) An image of sterile patient draping during intraoperative CT is shown.
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Table 3. Cost analysis of ISO-C CT

Cost-effectiveness criteria Cost/patients

Cost of purchasing ISO-C CT scanner $300,000
Cost of one use of ISO-C CT scanner $0

Cost of postoperative CT scan $650
Cost of revision spine surgery $39,643
Number of revision patients necessary to 8 patients

equal cost of ISO-C CT scanner

Number of patients receiving posterior
cervical instrumentation and fusion
necessary to justify ISO-C CT cost

100 patients

Number of patients receiving posterior
cervical instrumentation and fusion
necessary to justify ISO-C CT cost
(specific to type of instrumentation)

Lateral mass screws only 229 patients

Pedicle screws only 167 patients

Pars screws only 40 patients

breakout. The C2 pars screw was repositioned because it
crossed the facet joint. One C4 lateral mass screw was
shorted from 12 mm to 10 mm as a result of violation of
the anterior wall of the lateral mass. No patients who had
evaluation of hardware with intraoperative three-dimen-
sional fluoroscopy required a return to the operating room
for complications of hardware.

The cost of purchasing the ISO-C CT is $300,000 (Table 3).
Cost savings is achieved if use of intraoperative three-
dimensional fluoroscopy prevents eight patients from requir-
ing a return to the operating room. If every malpositioned
screw has the potential to become symptomatic, and assuming
malpositioning rates similar to ours (1.2% per screw and in 8%
of patients), then 100 patients must have screws placed for
cost-effectiveness to be achieved. When considering individ-
ual types of instrumentation, 299 patients must have lateral
mass screws placed (assuming 6.86 screws/patient), 167 must
have T1 pedicle screws placed, and 40 must have C2 pars
screws placed for cost-effectiveness to be achieved.

Illustrative Case

A 48-year-old man was indicated for operative manage-
ment for the treatment of multilevel cervical pseudarthrosis
after failing nonoperative treatment measures after symp-
tomatic nonunion of a previously attempted anterior
cervical fusion from C4 to C7. The patient also demon-
strated advanced disc degeneration at the C7-T1 interspace.
After positioning in the manner described previously,
sterile prep and drape was applied and a posterior approach
to the cervical spine was performed. After confirmation of
the appropriate level of surgery, lateral mass screws were
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placed bilaterally at C4, C5, and C6 using the technique
described by An et al. [1]. Pedicle screws were then placed
bilaterally at T1 using anatomic landmarks as well as a
laminoforaminotomy allowing tactile confirmation on the
location of the pedicle. After placement of all screws,
biplanar fluoroscopy was obtained, which appeared to
show appropriate hardware position; however, the Tl1
screws were difficult to visualize (Fig. 2A). Intraoperative
three-dimensional fluoroscopy was then performed, which
demonstrated lateral trajectory of the T1 pedicle screws
(Fig. 2B-D). Based on these findings, the screws were
redirected in a more medial direction and repeat three-
dimensional fluoroscopy confirmed a more appropriate
screw track (Fig. 3).

Discussion

Cervical myeloradiculopathy is one of the most common
indications for spinal surgical intervention in the United
States and worldwide. The high cost of cervical spine
revision surgery necessitates that instrumentation be
accurately placed and radiographically confirmed in a
timely manner. Currently the standard of care in evaluating
posterior cervical instrumentation is two-dimensional
intraoperative fluoroscopy and/or postoperative CT scan-
ning. The availability of intraoperative three-dimensional
imaging techniques such as ISO-C CT enables the surgeon
to more accurately evaluate the placement of hardware in
complex anatomic regions and obviates the need for post-
operative CT. The purpose of our study was to document
the incidence of hardware-related complications and eval-
uate cost-effectiveness when using intraoperative three-
dimensional fluoroscopy in posterior cervical spine
surgery.

We draw the reader’s attention to two limitations. First,
our cost-effectiveness calculation is sensitive to the
assumption that all malpositioned hardware will result in
postoperative symptoms necessitating a return to the
operating room. Second, our calculation also does not
include any medicolegal costs from revision surgery sec-
ondary to technical errors.

Many clinical and laboratory studies have focused on
lateral mass screw trajectories and their complications.
Ebraheim et al. examined neurovascular injury in cadavers
and demonstrated a laterally directed screw will likely miss
the vertebral artery [7, 8]. Xu et al. demonstrated the risk
of nerve root violation is higher with the Magerl and
Anderson techniques than with the An technique [38]. Pait
et al. divided the lateral masses into quadrants and reported
the upper outer quadrant has the lowest risk of vertebral
artery or nerve root injury [29]. Roy-Camille et al. sug-
gested the starting point for screw positioning be located in
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Fig. 2A-D ISO-C CT images of
the illustrative case are shown.
(A) A two-dimensional fluoros-
copy image before screw redirec-
tion is shown. (B) Intraoperative
isocentric 3-dimensional C-arm
axial images demonstrate bilat-
eral T1 pedicle screws that were
too lateral. The lateral border of
the pedicles is shown. (C) The
medial border of the pedicles is
shown. (D) The bilateral lateral
breakout by the pedicle screws
shows 1—the spinous process of
the T1 vertebraec; 2—the left
pedicle screw; 3—the right ped-
icle screw. In addition to the
lateral breakout, the other indica-
tion that the screws are too lateral
is the divergent trajectory of the
tWo screws.

Fig. 3 Intraoperative isocentric 3-dimensional C-arm axial images
demonstrating bilateral T1 pedicle screws redirected medially.
1 = the spinous process of the T1 vertebrae; 2 = the left pedicle
screw redirected medially; 3 = the right pedicle screw redirected
medially; 4 = the arrows demonstrate the convergent trajectory of the
screws, indicating the screws have been medialized.

the midpoint of the lateral mass and oriented 10° lateral
and perpendicular to the posterior aspect of the cervical
spine [32]. Anderson recommended positioning the screw
1 mm medial to the midpoint of the lateral mass and
angling the screw 30° to 40° cranial and 10° lateral [2].
Magerl advocated starting the trajectory 2 to 3 mm medial
and superior to the midpoint of the lateral mass and ori-
ented 30° upward and 25° outward [19]. Lastly, An et al.
proposed starting 1 mm medial to the center of the lateral
mass and angling 15° to 18° superiorly and 30° to 33°
laterally [1].

To reduce potential complications, intraoperative
imaging is routinely used, especially in difficult cases such
as revision operations and whenever instrumentation is
placed [10]. Intraoperative imaging helps to confirm the
proper placement of instrumentation and is most com-
monly used in the form of biplanar fluoroscopy. Despite the
routine use of intraoperative biplanar fluoroscopy, malpo-
sitioning rates of screws continue to remain substantial and
often necessitate a return to the operating room [5, 6, 11,
13, 18, 21, 23, 24, 31, 32, 34, 35]. The use of intraoperative
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three-dimensional fluoroscopy allows for accurate assess-
ment of complex anatomic regions. Its use is increasing in
fracture surgery, especially when internal fixation is used
for articular fractures. Specifically with regard to spinal
surgery, authors have reported lower screw malpositioning
rates when using three-dimensional imaging in the lumbar
spine. Kim et al. found screw malpositioning rates of 7.5%
using this method [21].

The reported rates of single level radiculopathy sec-
ondary to malpositioned hardware are between 1.4% and
1.8% [6, 15]. In Graham’s series, revision of misplaced
screws was required in 14% of cases [15]. It is important to
note not all malpositioned screws cause radiculopathy. In
Graham’s series, 6.1% of screws were misplaced; however,
the majority of these screws were asymptomatic. In a larger
series reported by Katonis et al., 27% of screws were
suboptimally placed and 2.4% breached the foramen tran-
versarium without vertebral artery injury [20]. Screw
pullout can also occur and was noted in 2.9% of patients in
the Katonis series.

We found malpositioning of hardware using isocentric
three-dimensional CT scan in 1.2% of screws placed.
Importantly, because malpositioning was immediately
addressed, no patient required a return to the operating
room for hardware-related complications nor did any
patient sustain a neurovascular injury as a result of the
position of the screw. This is in contrast to those patients
in whom the ISO-C CT was not used and one patient
required revision surgery to remove the C5/6 lateral mass
screws (Table 2).

The unique use of the ISO-C CT is demonstrated in our
illustrative case. Biplanar fluoroscopy was ineffective in
identifying malpositioned screws and the ISO-C CT was
instrumental in allowing for immediate correction.

Additionally, we recognize that real-time image-guided
(sterotactic) surgery has gained popularity because its
efficacy has been validated in the literature [3, 39]. It
allows surgical instruments to be tracked in reference to the
displayed anatomy in real time. The benefits of image-
guided surgery with regard to safety and accuracy have
been well documented. However, there are limitations such
as the learning curve that results in longer operating room
times and the time-consuming intraoperative point-to-point
registration steps and preoperative planning. The ISO-C
CT also provides three-dimensional reconstructed images
of the patient. Furthermore, there is no risk of navigation
inaccuracy as a result of intervertebral alignment differ-
ences between the preoperative CT data set and the
intraoperative position. The need for a preoperative CT
with a specific image-guided protocol is eliminated. The
ISO-C CT can serve as a standard C-arm fluoroscope and
allows a single device to serve as both a C-arm and CT.
Most importantly, it obviates the need for postoperative CT
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and provides a method of intraoperative three-dimensional
evaluation of hardware.

There is no increased risk of radiation with the use of the
ISO-C CT. Based on work performed by Villavicencio
et al., the dose associated with the initial 2-minute spin for
ISO-C fluoroscopy is 0.75x lower than for standard two-
dimensional fluoroscopy [36]. So, the 120-second spin of
the ISO-C CT is equivalent to 30 seconds of standard
fluoroscopy. Furthermore, Gebhard et al. compared the
dose of radiation exposure for surgical procedures per-
formed with and without image guidance using CT-based
navigation, conventional C-arm navigation, and ISO-C
navigation [12]. The lowest emission of ionizing radiation
was for navigation with the ISO-C method.

Despite the fact that most spine surgeons would not
question the effectiveness of intraoperative three-dimen-
sional CT, administrators and surgeons have questioned
the cost-effectiveness of its routine use for spine surgery
[22]. Our data demonstrate the cost-effectiveness of using
ISO-C CT intraoperatively instead of conventional post-
operative CT. Seven patients were spared potential
revision surgeries because of the ISO-C CT, saving an
estimated $500,000 in operating room costs. The ISO-C
CT is a fixed cost of $300,000 with no per-patient costs;
our surgeons do not bill for use of this modality. Thus, we
believe the ISO-C CT provides adequate efficacy to pre-
cisely and accurately evaluate hardware placement and
can safely replace postoperative CT evaluation as the
standard of care in patients undergoing posterior cervical
spinal fusion.
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