
which the longer distance between 
fiducial markers and surgical site 
increases the likelihood of error. 

Product availability 
Currently, several major manufac-
turers offer isocentric systems with 
cone beam CT reconstruction, and 
others are developing systems. Cur-
rent systems vary greatly in price, 
ease-of-use, size, maneuverability, 
and functionality (Table 1). 

Price is an essential factor in 
choosing a system. Several systems 
are available in the $300,000-
to-$350,000 price range, while 
at least one system ranges from 
$650,000 to $800,000, depending 
on features. 

The size of the system needs to 
be matched to the size of the target 
operating rooms, especially when a 
navigation system and other equip-
ment will occupy the room. Sys-
tems with a smaller footprint can 
also serve as typical C-arms when 
CT reconstructions are not being 
used (Fig. 2). 

Additional technical features 
that may affect purchasing deci-
sions include imaging parameters 
and mechanical versus automatic 
positioning. Which additional fea-
tures are desirable will be specific 
to each work environment. 

Recent advances in integration 
technologies have increased com-
patibility among isocentric C-arm 
products and navigation products 
from different vendors. 

Image quality and radiation ex-
posure are complex issues, but all 
current commercial systems have 
high image quality and adjust-
able parameters to balance radia-
tion dosage and maximize patient 
safety. 

Impact on navigation
Increased use of isocentric C-arm 
technology has accelerated inter-
est in spinal navigation, which has 
not been widely adopted despite its 
long history. The advent of intraop-
erative cone-beam CT allowed by 
isocentric C-arms represents a new, 
third paradigm in spinal naviga-
tion technology. Figure 3 illustrates 
multiplanar navigation views from 
one commercially available system 
that can be automatically regis-
tered with the use of an isocentric 
C-arm.

In the past, spinal navigation 
could be performed in two ways. 
Originally, preoperative CT scans 
were obtained and intraoperative 
registration was done manually. 
This required a special preopera-
tive CT protocol and cumbersome 
intraoperative registration. Sub-

sequently, “virtual fluoroscopy” 
was developed in which two 
dimensional-fluoroscopy images 
were obtained and registered in-
traoperatively with a computer 
model. This eliminated the need for 
preoperative CT scans, but still re-
quired manual registration and did 
not allow axial tomographic views 
useful for spinal procedures. 

Isocentric C-arm technology 
allows fully automatic registra-
tion based on intraoperative CT 
alone, retaining the advantages of 
both prior approaches. However, 
controlled clinical trials that dem-
onstrate improved outcomes or 
improved patient safety with the 
use of spinal navigation techniques 
are lacking.

Currently, multiple vendors offer 
spinal navigation systems with 
trackers that integrate intraopera-
tive isocentric C-arm data. Track-
ers are optical or electromagnetic 
and are typically placed in the  
bone of the ileum or spinous  
processes. 

Trackerless navigation technol-
ogy is also available from some 
vendors. Such systems rely on reg-
istration of preoperative magnetic 
resonance (MR) or CT images with 
intraoperative fluoroscopy images. 

Both tracked and trackerless sys-
tems utilize frames that are placed 
on the collector of the C-arm and 
contain registration grips or accel-
erometers. Preoperative MR may 
be integrated into some systems.

The final analysis
As spinal navigation technology 
has evolved, surgeons have cri-
tiqued the time requirement and 
accuracy of manual registration 
(with or without trackers) and the 
need for preoperative imaging. Ad-
vantages of navigation may include 

reduced radiation to surgical staff 
and potentially improved accuracy 
and patient safety in some  
situations. 

The increasing adoption of 
cone-beam CT allowed by iso-
centric C-arm technology may 
improve the risk/benefit profile of 
surgical navigation and contribute 
to the further evolution of both 
technologies. Adequately designed 
clinical trials to show safety and ef-
ficacy are required, and controlled 
trials are essential.

In all cases, the surgeon’s experi-
ence, tactile feedback, and multiple 

visual landmarks and cues must 
be used to ensure patient safety 
throughout a procedure. As with 
other imaging, the risks and ben-
efits of radiation exposure must be 
managed to optimize patient safety.
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	 Table	1:		Features	of	commercially	available	isocentric	C-arms		
relevant	to	spinal	navigation

Feature	 Range	of	offerings	 Pros	 Cons

Price	 $300,000–$800,000	 Expensive	systems	may	offer	 The	increased	capital	expense	is		
	 	 more	features.		 more	challenging	to	justify.

Size	 About	the	same,	somewhat		 Smaller	systems	fit	better	into	 Larger	systems	are	less		
	 larger,	or	much	larger	than	 cramped	operating	rooms.	 maneuverable.	
	 typical	C-arm

Image	quality	 All	good	 More	expensive	systems	may		 All	intraoperative	CT	scans	are	of		
	 	 offer	increased	field	of	view.	 poorer	quality	than	dedicated	scanners.

Use	as	 Possible	with	all	 Smaller	systems	function	 Larger	systems	function	less	well		
conventional	 	 better	as	conventional	C-arms.	 than	conventional	C-arms	and	are		
C-arm	 	 	 more	specialized	for	CT.

Integration	 Possible	with	 Integration	is	tightest	with	 Single	vendor	may	not	provide	best		
with	navigation	 most	combinations	 partnered	vendors	or	within	 option	for	integration.		
	 	 same	vendor.

Detector	 Traditional	image	intensifier	 Flat	panel	may	present	a	lower	 Flat-panel	technology	is	not	well		
technology	 versus	digital	flat	panel	 profile	and	offer	radiation	 known	to	some	buyers.	
	 	 advantages.

Fig. 3 A navigation system that allows multiplanar views for pedicle screw 
placement obtained through intraoperative cone-beam CT. 
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