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aBstract 

Study design: Equivalence trial (IRB not required for cadaveric studies).

Objective: To compare computer-guided and fluoroscopic kyphoplasty. Fac-
tors of interest were radiation exposure, position of cannula within 
pedicles and procedure time.

Methods: Kyphoplasty was performed on two cadavers. Computer-navigat-
ed, cross-sectional images from a cone-beam CT were used for one and 
fluoroscopic imaging for the other. In each, T6–9 and T11–L2 vertebrae 
were selected. For both imaging methods, anteroposterior and lateral 
x-rays were taken. Radiation exposure for both procedures was mea-
sured by four dosimeters. Procedure time, radiation to surgeon and ca-
daver, and position of cannula placement within pedicles were record-
ed. The surgeon wore one under the lead gown, another on the lead 
gown at shoulder level, and a third as a ring on the dominant hand. A 
dosimeter was also placed on the cadaver.

Results: The radiation from the cone-beam, computer-guided imaging sys-
tem was 0.0 mrem to the surgeon and 0.52 rads to the cadaver. Using 
fluoroscopic imaging, surgeon’s and cadaver’s exposure was 5 mrem 
and 0.047 rads, respectively. Procedure times were similar and neither 
device resulted in cannula malposition. 

Conclusions: Cone-beam CT appears as accurate as the fluoroscopy; radia-
tion exposure to the surgeon is eliminated, and radiation levels to the 
patient are acceptable. 

No financial support was received for this research.
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StUdy RAtiONALE ANd CONtENt

Kyphoplasty is a surgical technique for height restora-
tion and cement augmentation of vertebral bodies fol-
lowing osteoporotic vertebral compression fractures or 
osteolytic lesions [1–4]. Most studies reveal a low rate of 
procedure-related adverse events [5–7]. However, when 
fluoroscopic imaging is used, radiation exposure of the 
surgeon and patient are of concern. Many of the compli-
cations of kyphoplasty have to do with inaccurate can-
nula placement. Computer guidance has reduced radia-
tion to surgeon but equivalent imaging accuracy to 
fluoroscopy. 

OBJECtivE

To examine the proposition that computer-guided cone-
beam CT technology could be used to perform balloon 
kyphoplasty and subsequently reduce patient and physi-
cian radiation exposure from that occurring with the 
fluoroscopic technique without prolonging the proce-
dure or foregoing acceptable positioning of cannulas 
within pedicles.

 

MEthOdS

Study design: Equivalence trial (IRB not required for 
cadaveric studies).

Inclusion criteria: A cadaveric study to examine the 
use of cone-beam CT and fluoroscopic assistance 
during a kyphoplasty.

Exclusion criteria: Cadavers with spinal malformations 
and/or deformities were excluded from this study.

Techniques compared (table 1)
 Two cadavers were utilized for the study. Cone-•	
beam CT provided imaging assistance on one of the 
cadavers and fluoroscopy for the second cadaver. In 
each of the two cadavers, the vertebra T6–9 (tho-
racic) and T11–L2 (thoracolumbar) were selected.
 Kyphoplasty: The thoracic and the thoracolumbar •	
vertebral pedicles were accessed by placing a Jam-
shidi needle percutaneously in the pedicle and 
then a guide wire. Subsequently, both cone-beam 
CT and fluoroscopic images in each cadaver re-
spectively were taken at each level when the can-
nulas were in the proper position.
 Cone-beam CT: The procedure was guided through •	
images obtained from the Breakaway® O-arm 
(Medtronic Inc., Louisville, CO). Navigation was 
computer controlled from the Stealth® Station 
(Medtronic Inc., Louisville, CO). A high-speed drill, 
guided with Navigation system (Medtronic Inc., 
Louisville, CO) was used to percutaneously bore a 
pilot hole down the center of the target pedicle and 
then place a guide wire in the pilot hole. The can-
nula was then positioned over the guide wire.
 Fluoroscopy: Fluoroscopy was used during the pro-•	
cedure to determine location. Biplanar imaging was 
used for the fluoroscopic procedure. This included 
anteroposterior (AP) and a lateral C-arm position. 
When the cannulas were in proper placement in the 
pedicle of both the cadavers, AP and lateral x-rays 
were taken to assess position of the cannulas.

Outcomes and analysis
 Primary outcomes: Procedure time, radiation ex-•	
posure to the surgeon and cadaver, and acceptable 
positioning of cannula within pedicles was as-
sessed during the procedure for both cone-beam 
CT and fluoroscopic assistance.
 Secondary outcomes: none.•	

Additional information regarding technical and meth-
odological aspects can be found in the web appendix at 
www.aospine.org/ebsj.
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RESULTS

The time required to perform each procedure with � uo-
roscopy and cone-beam CT was not signi� cantly di� er-
ent (Table 1).

 Radiation exposure to cadaver from the cone-beam • 
CT was equivalent to the exposure to a patient un-
dergoing a kyphoplasty would experience during 
cannula insertion (Table 1).
  Assessment of the cannula position revealed no can-• 
nula malpositions or procedure-related complica-
tions for either technique. 

 A cone-beam CT image pro� le includes images from • 
a single rotation of the cone beam around the cadav-
er, as well as a digital image that projects instrumen-
tal targeting trajectory (Fig 1). 
 The � uoroscopic procedure includes an AP • (Fig 2a) 
and a lateral image (Fig 2b).

DISCUSSION

Radiation is a concern to both the surgeon and patient 
during a kyphoplasty with minimal available informa-
tion regarding cone-beam CT exposure [8, 9].

 Both fluoroscopy and cone-beam CT assisted in al-• 
lowing the acceptable placement of the cannula 
within pedicles, without a significant difference.
 Acceptable placement was assessed based on a two • 
condition assessment. These conditions included 
whether the cannula remained within the pedicle 
or if it violated the cortical boundaries of the 
pedicle.
 Strengths: Cone-beam CT resulted in zero radiation • 
exposure to the surgeon. When helpful, the system 
provides imaging assistance with projection of tra-
jectory for cannula placement. 
 Limitation: The study may have not included enough • 
cadavers to detect possible surgical performance 
problems. With this possibility, there may have been 
di� erences in procedure time.
 Fluoroscopy and cone-beam CT imaging both pro-• 
vide necessary imaging assistance to perform a 
kyphoplasty. Cone-beam CT provides additional 
tools which may be bene� cial in minimally invasive 
procedures and zero radiation exposure to the 
surgeon.
 A multicenter trial utilizing both � uoroscopy and • 
cone-beam CT during a kyphoplasty may provide 
stronger evidence for the accuracy and bene� t of the 
two imaging options.

Fig 1 Cone-beam CT image as displayed on the 
Stealth Navigation workstation screen

Cannula placement through 
pedicles into vertebral bodies.

Lateral view of vertebral body. 
The location of the cannulas are 
visualized through the pedicles.

ba

Fig 2 Position of cannulas were assessed in 
anteroposterior (AP) and lateral views during 
� uoroscopic imaging. 
a anteroposterior image 
b lateral image

Table 1 Radiation to physician, cadaver, and 
procedure time

Imaging 
devices

Number
of levels

 Radiation
to physician

Radiation
to cadaver

Total 
time of 

procedure 

Cone-beam CT 8 0 mrem 0.52 rads
34 minutes, 
32 seconds

Fluoroscopy 8 5 mrem 0.047 rads
32 minutes, 51 

seconds
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CONCLUSiON

Using the cone-beam CT kyphoplasty technique: 
 Fluoroscopy and cone-beam CT have similar imag-•	
ing capabilities with equivalent time and accuracy.
 Cone-beam CT offers options such as targeting tools •	
and projection lines.
 Fluoroscopy results in additional radiation exposure •	
to the surgeon.
 Overall, device choice can be based on the surgeon’s •	
preference.
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