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Why navigate in spine?
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Stereotactic principles were developed one century 
ago, and have been clinically used mainly for brain 
surgery. ! ey were introduced to orthopaedics in the 
beginning of 1990´s, and the " rst application was 
for spine, probably due to the fact that vertebrae are 
complex structures with clearly de" nable anatomical 
points, that made registration easy. 

! e e# ectiveness of this new technique has been 
shown in prospective studies (1,2,3). In these studies 
the rate of minimal perforations of the pedicle cortex 
was less than 5 %, i.e. signi" cantly lower if compared 
to conventional screw insertion techniques.

Despite this clear evidence, navigation systems are 
used routinely for spine surgery only by a few enthu-
siasts. Criticism is usually expressed by surgeons, who 
have no or only minimal experience with navigation, 
and no practical experience at all. ! e most common 
justi" cations not to use this technique are:

- ”I don´t need it”
- ”It is time consuming”
- ”It needs preoperative planning”
- ”! ere is too much radiation”
- ”It is unreliable”
- ”It is expensive”

It is true, that the majority of misplaced screws do 
not cause neurological symptoms. ! is may give the 
surgeon a wrong impression of his/her performance. It 
may create a sense of safety and a feeling that there is 
no need for improvement. ! e awareness and need for 
improving screw positioning becomes very clear, if one 
studies one’s own accuracy with proper postoperative 
imaging. For the patient with nerve injury, it is of no 
use to explain, that nerve injuries are rare. In a North 
American survey study, the reported permanent nerve 
injury rate was 2,4 %, and the number of transient 

injuries and intraoperative screw related CSF leakages 
was three-fold (4). ! e rate of intraoperative detec-
tion of malplaced screws is probably underreported. 
Not infrequently screws are repositioned after intra-
operative screw tract palpation or c-arm x-ray control. 
! is phenomenon does not exist with navigated sc-
rews. Knowing the high rate of potentially dangerous 
misplaced screws, it is very di$  cult to understand why 
one should not utilise every possible means to minimi-
se danger of causing damage to the patient.

Time is an important issue. After the learning cur-
ve of this new technique (about 30 operations), extra 
time needed during the operation is minimal. Let us 
discuss for instance a simple operation with relatively 
normal anatomy. With navigation it takes about three 
minutes to do one matching procedure,  rarely more 
than " ve. ! e " rst comment of all the visitors, who 
have seen us navigate, has been about how fast it is, as 
they thought or were told otherwise. I challenge the 
doubting reader to measure the time he needs to do all 
the C-arm imaging during his next surgery, as all this 
time is saved with navigation. All this is true when na-
vigation is used on a routine basis. Routine is impor-
tant to keep the surgeon and other sta#  skilled with 
the system, and ready to use it with patients with di$  -
cult anatomy. Here the bene" ts of navigation become 
obvious and unquestionable. Navigation can save a lot 
of time e.g. in previously operated patients with dis-
torted anatomy or smooth fusion masses, osteotomies 
and scoliosis patients. 

C-arm based navigation does not need planning, 
but CT-based navigation needs. We have used di# e-
rent CT-based systems since 1995. Planning is usually 
performed the day before the operation, and it takes 
about 10-20 minutes. Some " nd this a negative fac-
tor. I think on the contrary. ! is time is well spent 
and never wasted. It leads to better understanding the 



Suomen Ortopedia ja Traumatologia  Vol. 31 2•2008   SOT  171

patient’s individual surface, 3-D and also intraspinal 
anatomy. It is easier to operate, when you have alrea-
dy done it once the day before, virtually. Some of us 
even plan with the patient present. ! is gives an uni-
que chance for the patient to really understand the na-
ture of the operation he will have.

With C-arm based navigation, radiation doses 
are reduced. ! ere is place for some concern in CT-
based navigation. Today most of our patients are in-
vestigated preoperatively with plain x-rays and MRI, 
CT being a rarity. ! at means that the cumulative ra-
diation dose is not as big as it used to be some years 
ago, when CT was a standard preoperative investiga-
tion. ! e modern CT imaging and image processing 
have reduced the amount radiation to the patient.  I 
am concerned about this issue when navigating with 
a CT-based system in the ”normal anatomy” patients, 
but I think that in deformities the bene" ts of navi-
gation certainly outrun the dangers of radiation. We 
are always talking about the radiation for the patient, 
but what about the operating room personnel? With 
navigation, the operating room sta#  does not get any 
radiation at all. 

! e reliability of navigation system depends on 
many factors, e.g. the surgeon, the quality of the CT 
images or C-arm, the navigation system as a whole, 
especially the rigidity of instruments and the tracking 
camera system. ! e surgeon needs to understand fully 
the principles of stereotactic surgery and rigid body 
principles, and he needs training, preferably in cadaver 
workshops and in a centre that uses navigation routi-
nely. ! e best clinical accuracy studies have been done 
with an active LED-based system that used the Optot-
rak 3020 camera. ! is camera outperforms all cameras 
used in navigation systems today, but is a retired pro-
duct. Modern systems use either active (LED-based) 
or passive (re& ecting ball-based) tracking systems. 
! eir accuracy is one of our current study topics. 

Navigation systems are expensive. Today you would 
probably have to invest 150-200 000 Euros. One ner-
ve injury, that leads to a compensation through the 
patient insurance system, costs money to the hospital. 
We have not had one single patient during our thir-
teen year experience with navigation, who has a nerve 
injury due to screw malposition. For the society, the 
economical bene" ts are obvious. One single nerve in-
jury in a patient who is working and becomes retired 
due to persisting pain or disability, costs the Finnish 
society 200-300 000 Euros, more than one navigati-
on system. For the society, it would be cost-e# ective 

to pay for at least one navigation system yearly to any 
hospital doing more than " fty instrumented spines 
yearly. ! e life-span of modern systems is not kno-
wn, but our very " rst system from 1995 is still func-
tioning, after more than 5000 navigated screws and a 
couple of updates, and serves as a back-up. When the 
bene" ts of C-arm based navigation are fully under-
stood in the orthopaedic community, with reduced x-
ray exposures and operating times, not only in spine 
surgery but in osteotomies, any bone morphing pro-
cedures, and trauma surgery, navigation becomes cost 
e# ective also for individual hospitals. I see some possi-
bilities in the development of navigation systems, that 
in the near future will reduce the price of the hardware 
needed for navigation, and make the systems more ac-
cessible to orthopaedic units.

New techniques, e.g. & uoroscopy in the operating 
theatres or exact fracture treatment with ORIF techni-
ques had their time of opposition, but nobody ques-
tions them today. In the future, navigation will make 
its breakthrough also in spine surgery, to the bene" t 
of our patients, as it has made in so many other " elds 
of medicine. ! is needs new thinking and accepting 
the fact that surgeons are not perfect, and computer 
technology may help us avoid mistakes. We know that 
this is di$  cult to accept to any surgeon. One of the 
most important and di$  cult moments in my career 
as a spine surgeon was, when I realized where my sc-
rews were located with conventional techniques (5). 
! e new generation of surgeons, who have grown with 
computers, will naturally accept computers in their 
operating room. 
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