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Abstract 

Background: Transpedicular screw placement remains the gold standard technique for stabilization of the lum-
bar spine. Material and methods: This is a retrospective study that analyzes patients that underwent the spinal 
stabilization surgical procedure. We compared results from two independent neurosurgical centers. In the years 
2012-2015, the O-arm and StealthStation neuronavigation system was used for implantation of transpedicular 
screws. From 2018 to 2020 the transcutaneous pedicle screw placement procedure was performed using 
a standard C-arm device. Results: In 208 procedures performed with the O-arm device, the accuracy of screw 
position was 98.08%. Screw repositioning was necessary in 1.92% of all cases. In the 30 procedures that were 
performed using the C-arm, the accuracy of the screws was 86.7% and the screw reposition procedure acco-
unted for 10% (in one case screws were not replaced due to clinical sequelae). Conclusions: Our data show 
that the spinal fusion with the O-arm tool has more accuracy, thus might be more indicated in procedures that 
require minimally invasive spinal stabilization.
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Introduction

There are many causes of spinal instability e.g. to trau-
ma, congenital abnormalities, tumor invasion and degen-
erative process. Changes in lifestyle of the majority of the 
population and increasing incidence of obesity, directly 
contributes to high demand for low back pain treatment 
because of the destabilization as the part of the degenera-
tive process. Because of the reduction in muscle mass along 
with increasing body weight, the degenerative processes of 
the vertebral discs and facet joints lead to spinal destabiliza-
tion. This process can present with spondylolisthesis of the 
adjacent spinal motor segments.

At the same time, patient՚s are increasingly interested 
in minimally invasive treatment with the maximum reduc-
tion of the stress associated with surgery (e.g. reduced time 
of hospitalization and reduced need for painkillers). Spinal 
stabilization system with neuronavigation seems to meet 
those demands. In this article we present the results of 
such procedures in comparison with C-arm technique. In 
the beginning of the learning curve, we encountered tech-
nical problems which contributed to the prolongation of the 
procedure. Nevertheless, gained experience allowed us to 
significantly shorten the procedure time and to preserve its 
safety and accuracy.

Correct placement of the screws was widely discussed 
in the literature (Fig. 1) [1-3]. However, still it is difficult to 
assess the spinal destabilization by referring to one imag-
ing method. Secondly, sufficient level of spine stabilization 
differs amongst patients and directly depends on their age, 
lifestyle and expected quality of life. Degenerative spon-
dylolisthesis may show that the destabilization process did 
occur, although due to natural progression of the degen-
erative process the spine became re-stabilized, therefore 
there is no need for screw implantation. In some neuro-
surgery centers, placement of intervertebral implant is 
a standalone indication for bilateral transpedicular stabili-
zation. Since the removed vertebral disc accounts in 80% 

for motor segment stabilization and intervertebral arthrod-
esis is a prolonged process. The literature does not describe 
clear advantages of any technique over another [4-5]. In re-
cent years, placement of the screws could be easily planned 
using the O-arm navigation technique, which was first intro-
duced in 2006. Thus, it is possible to plan the exact position 
of the screw not only in the pedicle and also in the vertebral 
body in order to avoid damage of the adjacent vessels. Al-
though this technique seems to be very accurate with low 
number of side effects reported, there are still updates of 
inappropriate screw placement or displacement of implant-
ed material due to insufficient bone fusion.

The exact criteria for screw reposition are still unclear. 
Taking into consideration only clinical criteria, e.g. post-oper-
ative pain of the spine or post-operative pain radiating to the 
lower limbs, seems to be insufficient to asses screw place-
ment. Literature shows that clinical symptoms along with in-
appropriate screw placement that violates more than 4 mm 
in the pedicle, is an indication to reposition the screws [6]. 
More confounding might be the fact that some patients do 
not report any symptoms, despite the fact that their comput-
ed tomography (CT) scan shows inappropriate screw place-
ment which violates pedicle or pierces the vertebral body. 
Moreover, appropriate fixation of the screws correlates not 
only with good transition through the pedicle but also de-
pends on the bone density and its availability to heal.

When comparing the C-arm to O-arm stabilization, the 
accuracy of pedicle screw placement seems to be the main 
advantage pointing on the O-arm technique [7-10]. Never-
theless, there is still a concern about high radiation exposure, 
due to the necessity to perform a 3 dimensional (3D) CT scan 
before and after the procedure. We should not forget about 
the fact that one CT scan provides the radiation exposure 
that is acceptable for one patient in one year period [11]. 
Based on the recent literature, it seems to be clear that this 
radiation exposure might be substantially reduced by ob-
taining a low-dose 3D scan, which offers acceptable imaging 
quality [12-15].

Figure 1. Types of screw corridor in transpedicular spinal fusion. A – transcortical screw placement, B – insertion through pedicle with 

engagement of the transverbal joint, C – insertion through pedicle without joint involvement

A B C



Material and Methods

In a 4-year period (2012-2015) a total of 208 transpe-
dicular stabilization procedures were performed using the 
O-arm Surgical Imaging with StealthStation navigation sys-
tem (Medtronic USA/Ireland). Clinical data were analyzed 
retrospectively. There were 106 males (51%) and 102 (49%) 
females in the research group. Their age varied from 20 to 95 
years (median 56.5 years). Majority of the patients were in 
5th or 6th decade of life. Lumbar stabilization was obtained in 
93% and thoracic stabilization in 7% of the cases. Trauma was 
the indication for the spinal stabilization in 10.6% of the cases. 
Screw insertion was done by the same operator in 86.5% of all 
cases. In summary, four surgeons where performing the tran-
spedicular screw placement procedure. Whereas, neuronavi-
gation planning procedure was done by other three surgeons. 
Standard screws with 5.5 mm diameter were used in all pro-
cedures. The length of the screws was assessed based on an 
intra-operative CT scan performed using the O-arm device.

In a 2-year period (2018-2020) 30 transpedicular sta-
bilization procedures using the C-arm (Siemens, Germa-
ny) were performed. There were 12 (40%) females and 18 
(60%) males in this research group. The patients’ age varied 
from 28 to 75 years (median 58.5 years). Lumbar stabiliza-
tion was obtained in 76.7% of the cases, thoracic stabiliza-
tion in 23.3%. In 30% of the cases trauma was the indication 
for spinal stabilization. There were more than five different 
operators performing surgery. In all cases standard 5.5 mm 
screws were used. Postoperative CT scan was done in 50% 
of the cases and it was always performed when patient had 
reported significant postoperative pain symptoms. In 3 cas-
es (10%), reposition procedure was done with satisfactory 
outcome. One patient was not re-operated despite of inap-
propriate screw placement. Although the screw has been 
positioned in the S1 recess and it violated more than 4mm 
of the pedicle, the patient did not report any symptoms 
and the stability of the implanted material was not compro-
mised, we decided not to perform surgery. 

As we progressed along the learning curve, we made 
some modifications to the O-arm screw fusion procedure 
resulting in shorter operation time and lower dose of radi-
ation applied to the patient and personnel in the operating 
room. In the years 2012-2013, the 3D scan was performed 
after every stabilization procedure. After year 2013, the 
3D scan was performed only in case of suspected incorrect 
screw placement. Multiplanar images were assessed in the 
operating room by the operator and surgeon involved in 
planning procedure. If a 3D scan was not performed post-
operatively and patient reported clinical symptoms, a CT 
scan was obtained (usually on the day of the operation) to 
precisely assess screw placement. When screw implantation 
of all the screws was not possible due to difficult anatomical 
conditions, previously placed screws were removed and only 
nerve root decompression was performed.

Pedicle breach was suspected post-operatively when the 
patient reported clinical symptoms such as radicular pain (ra-
diating to the lower limb) or low back pain. However, post-op-
erative pain rarely was due to inappropriate screw placement, 
because the pain has subsided without intervention during 
standard post-operative hospitalization period. CT imaging 
studies were reviewed by the radiologist and the operator 
that performed the procedure. Incorrect position of the 
screws was recognized on the CT scan in case of conflict of 
the screw with nerve structures or when the position of the 
screws could suggest instability of the implanted material.

Depending on the patien՚s diagnosis and clinical symp-
toms, additional nerve root decompression or discectomy 
was performed. Patient was placed in the prone position on 
a carbon table to ensure adequate X-ray radiation translucen-
cy. Placement of the screws was always performed through 
the guide rod that confirmed the proper entrance of the 
screws along the planned trajectory.

Side of the decompression was chosen on the basis of 
imaging studies and clinical symptoms of radiculopathy, such 
as positive straight leg raise test (positive Lasègue sign) and 
pain distribution consistent with a given dermatome. To 
qualify a patient for the procedure, clinical symptoms had 
to be consitent with the radiological findings. If the patient 
needed nerve root decompression, in all cases it was done 
before the stabilization procedure, in order to preserve the 
conditions after nerve root decompression. In patients di-
agnosed with spondylosis, screw fixation was done unilat-
erally. In all cases of spondylolisthesis bilateral stabilization 
was obtained to ensure appropriate segmental stabilization.

The O-arm system with Stealth Station provides 2- and 
3-D images of the spine. A 3D image is necessary to plan 
the insertion of the screws, thus it was performed after the 
navigation frame was placed. The scanned image is merged 
and gives real-time position of the certain tools that are used 
intraoperatively, based on the reference frame that registers 
appropriate 3D image in space. Besides 3D navigation, the 
O-arm is still used with the C-arm function during the oper-
ation. It is based on surgeon preferences to assess appropri-
ate placement of the wires which guide the trajectory for the 
screw placement. The screws are placed transcutaneously to 
minimize tissue trauma, in contrast to the open procedure 
where a large group of the paraspinal muscles has to be 
dissected. The length of the screws depends on anatomical 
conditions shown in the 3D scan. Planning was done in the 
operating theatre prior to the procedure.

Results

Of the 208 cases of transpedicular stabilizations per-
formed using the O-arm device in years 2012-2015, 93% 
were lumbar and only 7% thoracic. Accuracy rate of the screw 
positioning was 98.08% and reposition rate was 1.92% (5 pa-
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tients, Tab. 1). In the group of 
patients who required screw 
reposition, 4 required lum-
bar and one thoraco-lumbar 
stabilization. Among patients 
that needed screw revision,
in 4 cases inappropriate 
screw position was detect-
ed in the 3D scan that was 
performed at the end of
the operation (Fig. 2). In 
case of one patient the 3D 

 

 

scan was not done in the operating theater and the inap-
propriate screw position was noted in the CT scan that was 
ordered because of his clinical symptoms. Infection rate 
was 0.48% (1 patient) and multiple antibiotics were need-
ed due to resistant infection. No screw displacement was 
found in that patient. 

In 67 cases spondylolisthesis was the indication for sur-
gery (32.2%). Spondylosis, defined as the degeneration of 
intervertebral discs of different etiologies, was the indica-
tion for surgery in 42.3% of cases (88 patients). Trauma was 
an indication for surgery in 21 cases (10% of all cases), dis-
copathy with low back pain 7.2% (15 patients) and tumor 
2.4% (5 patients).

In the 30 procedures performed using the C-arm, the 
accuracy of the screws was 86.67% and the screw reposition 
procedure accounted for 10%. In case of one patient, the ra-
diological exam revealed a screw inside the S1 recess. He was 
not qualified for the reposition procedure because of lack 
of symptoms. In both the C-arm and O-arm research groups 
there were no concerns about the stability of the entire trans-
pedicular fixation system. In the C-arm group 23% of cases (7) 
were due to traumatic fracture. 73% (13) cases were due to 

spondylotic degenerative changes. Median hospitalization 
time was shorter in the O-am group (2 days), compared to 
the C-arm patients (3 days).

Table 1. Comparison of C-arm 

vs O-arm techniques C-arm O-arm

Screw accuracy 86.67% 98.08%

Screw reposition rate 10.00% < 2%

Average hospitalization (days) 3 2

Postoperative CT scan 50% of cases Only when symptoms < 2%

Figure 2. Post-operative CT scan revealed inappropriate screw placement, in this case outside the vertebral body, which 

caused insufficient support for the spinal stabilization

Discussion

Minimal invasiveness seems to be the most important 
goal from the perspective of the patients, doctors and the 
costs. The comparison of both groups shows advantages of 
the O-arm procedure in respect of the minimal invasion, ac-
curacy and safety of the procedure. Although the price of 
the O-arm device might limits its universal use, one should 
not ignore factors such as reduction of the hospitalization 
time and cost of analgesia. Further health economics studies 
are needed to assess these factors [1, 2].

As we gained experience in performing the O-arm pro-
cedure, we observed improvement in the process and the 
possibility to skip some of the steps recommended by the 
manufacturer, allowing us to reduce the radiation exposure 
for patients and medical staff, without additional complica-
tions or side effects. Even the low-dose 3D O-arm scan is 



connected with high radiation exposure [15, 16]. It seems 
beneficial to not obtain the second (post-operative) 3D scan 
unless it is indicated. Abandoning the post-operative 3D scan 
was not associated with a higher need for reposition of im-
planted screws. In summary, 4 out of 5 inappropriately placed 
screws were suspected by the operator and the additional 
3D scan was done to assess their position. In one case the 
post-operative 3D scan was not obtained, however that pro-
cedure was performed by a surgeon who did not have ex-
perience in the O-arm procedure. The accuracy rate of 98.08% 
is comparable to that reported in the literature (97.5%) [17].

Those results confirm that the O-arm technique is very ac-
curate in planning and placing transpedicular screws. Further-
more, it is associated with very low incidence of infection due 
to the fact that small incisions were required for this proce-
dure. Due to low traumatization of the tissue, patient group 
required less amounts of analgesics and typical length of 
postoperative hospitalization was only two days.

While gaining the experience with the O-arm implanta-
tion technique some problems appeared, which marked the 
importance of certain steps during the operation procedure 
that required additional precautions. The main issue was to 
implant the reference frame correctly with most stability on 
the spinous process and then to supervise its position to 
avoid picture shift during merging. Among some groups of 
patients, we have encountered the anatomical disproportion 
of the pedicles. Available screws were too large to place them 
safely in the pedicles without anatomical compromise of the 
periosteum. Amongst some of the patients, particularly in 
the L5-S1 region, the anatomical relations prevent appropri-
ate titanium bar placement. In these cases, the curvatures of 
the spine were of great importance. The inappropriate angle 
between the L5 vertebrae and the iliac crest made it much 
more difficult or even in some cases impossible to place the 
titanium stabilization bar. For this reason, in some cases con-
version to the open surgical procedure was necessary.

Among patients with large amounts of subcutaneous 
tissue in the lower back area, we observed difficulties in 
placing the titanium bar near the lamina, due to the limita-
tion of the device used. Despite the fact that screw place-
ment was planned using neuronavigation station, it was im-
possible to match the titanium bar with the screw cups. 
A preferred solution turned out to be implantation of longer 
screws which gave better access to their cups, where titani-
um bar was placed.

Analysis of the O-arm reposition group revealed that 
frame shift was the main cause of inappropriate screw 

implantation. Adequate reference frame fixation is critical, 
when trying to avoid shifting complications. Moreover, the 
analysis indicated that the planned position of the screws on 
the lateral side of the pedicle reduces the risk of instability of 
the implanted screws. In the following years, exposure to X-ray 
radiation was reduced by obtaining only low-dose 3D scans 
and by verifying the position of the screws in 2D scans, thus 
reducing the radiation dose both for the patient and staff.

21 patients were qualified to O-arm stabilization proce-
dure because of trauma. Stabilization was performed by fixing 
the healthy vertebra with each other, one below the fracture 
and one above. No additional healthy vertebral levels were 
used to reinforce the stabilization strength. Despite the fact 
that no additional levels were included in transpedicular fu-
sion, no displacement or signs of destabilization were seen. 
However, in the group of trauma patients, it was necessary 
to perform another 3D scan after unilateral stabilization, be-
cause of the change of anatomical relations and in order to 
prevent damage to neuronal structures.

The O-arm guided transpedicular stabilization seems to 
be a reliable and minimally invasive method. This observa-
tion was also confirmed in double-blinded studies at unrelat-
ed neurosurgical centers and meta-analyses [1-3].

Conclusions

Despite the initially prolonged surgical time, the O-arm 
guided transpedicular stabilization becomes more intuitive 
the more often it is used, thus the learning curve contributes 
to more efficient and faster procedure without side effects 
along the line. Consequently, the initial investment in expen-
sive equipment might be justified by avoiding the potential 
cost-generating adverse effects, prolonged hospitalization 
and higher doses of pain medications. Nevertheless, those 
hypotheses have to be investigated in other studies.
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