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Image-guided spinal surgery is becoming increasingly popular because it allows 
surgeons to achieve minimal invasiveness and maximum precision in the per-
formed procedures.
We present our initial experience with two cases operated on using O-arm-based 
spinal navigation at the Clinic of Neurosurgery in St George University Hospital, 
Plovdiv, Bulgaria. In the fi rst case, we performed removal of extradural spinal tu-
mor of the sixth thoracic vertebra and O-arm-navigated pedicle screw fi xation. In 
the second case, we performed O-arm-navigated corpectomy of the fi fth cervical 
vertebra and anterior spinal reconstruction and fusion with titanium expandable 
mesh and cervical plate in connection with degenerative narrowing of the cervi-
cal spinal canal that lead to clinically manifested myelopathy.
The initial experience allows us to conclude that O-arm-based image-guided 
spinal surgery can lead to considerably higher precision of spinal instrumented 
procedures. At the same time, it reduces the irradiation dose of the patient and 
surgical team.

INTRODUCTION

Development and introduction of novel intraopera-
tive navigational systems have boosted a substantial 
progress in the modern spinal surgery. These tech-
niques for image-guided surgery provide real-time 
multiplanar images of spine anatomy.1 Concerns 
surrounding the adoption of these technologies 
include cost and increased operating times, but 
improvements in design and protocol may improve 
the integration of these imaging modalities in the 
operating room.2

The present study reports on the fi rst two cases 
in Bulgaria concerning patients with spinal diseases. 
These patients were operated on using a system 
for intraoperative image-guided spinal surgery, 
the О-arm® Surgical Imaging with StealthStation 
S7® Navigation (Medtronic Sofamor Danek, Inc., 
Memphis, TN, USA).

CASE 1

A forty-one-year-old man presented with a 6-month 
history of increasing severe back pain that irradi-
ated to the right half of the mid-thorax. Neurologi-
cal examination revealed right-sided Т6 intercostal 
neuralgia without any conductive motor or sensory 
loss and preserved bowel and bladder control. He 
was graded 0 on the Nurick Scale. The pre-operative 
computed tomography (CT) scanning demonstrated 
extradural homogenously enhancing lesion that had 
destroyed part of the Т6 vertebral body, the right 
pedicle and right half of the vertebral lamina. A 
subsequent magnetic resonance imaging (MRI) of 
the thoracic spine was performed that confi rmed the 
localization of the lesion causing ventral and right 
lateral compression of the medulla in the affected 
segment (Fig. 1 А-C).
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SURGERY AND FOLLOW-UP

The patient was positioned prone on the operating 
table. A standard posterior midline approach was 
performed in the affected thoracic segment, the 
paravertebral muscles were stripped off the posterior 
elements from Т4 to Т8 vertebrae with presentation 
of the entry points for pedicle screw placement. 
The navigational frame was attached to the spinous 
process of Т6 vertebra. Then, intraoperative O-arm 
scanning of Т4-Т8 segment was conducted followed 
by automatic data transfer of images to the Stealth-
Station S7® Navigation System. Subsequently, the 

navigated instruments for pedicle screw fi xation were 
verifi ed. Eight pedicle screws were implanted in Т4, 
Т5, Т7 and Т8 vertebrae, respectively, by means of 
the intraoperative 3D image-guided navigational 
control (Figs 2А, 2B). A fi nal intraoperative O-arm 
scanning was performed to verify proper screw 
placement and stabilization assembly (Figs 3А, 
3B). Resection of the extradural tumor was car-
ried out via right-sided Т6 hemilaminectomy and 
arthropediculotomy

Histological and immunohistochemical analyses 
identifi ed undifferentiated pleomorphic sarcoma, 

Figure 3. (А) – (B). Postprocedural intraoperative 3D O-arm scanning.

Figure 2. (А) – (B). Image-guided pedicle screw fi xation.

Figure 1. Preoperative MRI of the thoracic spine: (А) Coronal Т2 image; (B) Axial Т1 image with 
contrast enhancement; (C) Sagittal Т1 image with contrast enhancement.
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according to the WHO classifi cation. Postoperative 
thoracic CT and MRI performed 10 days postop-
eratively confi rmed the scope of resection and the 
proper implantation of the pedicle screw fi xation 
system (Fig. 4 А-Е). The postoperative period was 
uneventful. The clinical examination at 6 months 
postoperatively found complete pain resolution, the 
patient remained neurologically intact – Grade 0 on 
the Nurick Scale.

CASE 2

A seventy-seven-year-old male had a 5-month his-
tory of progressive symptoms of cervical spondylotic 
myelopathy. The neurological defi cit included spastic 
quadriparesis with prominent bilateral grasp weak-
ness, hyperefl exia, pathological refl exes in the lower 
and upper extremities and conductive hypesthesia 
distal from the clavicles. The patient was scored 
8/17 on the Japanese Orthopaedic Association 

Figure 4. Postoperative MRI (А-B) and CT (C-F) showing the extent of 
spinal cord decompression and proper pedicle screw placement in Т4, Т5, 
Т7 и Т8 vertebrae.

Figure 5. Preoperative MRI (А) Sagittal Т2 image of the cervical myelon; Axial Т2  images at 
С4-С5 level (B) and С5-С6 level (C).

(JOA) Scale. Preoperative MRI of the cervical spine 
demonstrated severe degenerative spondylogenic and 
discogenic stenosis of the spinal canal that was most 
demonstrative in the С4-С5-С6 segment. Additionally, 
the T2 images showed hyperintensity in the affected 
segment of the spinal cord (Fig. 5 А-C).

SURGERY AND FOLLOW-UP

The patient was positioned supine on the operat-
ing table with the head fi xed in neutral position 
in a skull clamp. The cranial navigational frame 
was then attached to the skull clamp. Afterwards, 
initial 3D O-arm scanning of the cervical spine was 
conducted. The data was automatically transferred 
to the StealthStation S7® Navigational System. The 
cranial navigational probe was verifi ed. The neck 
was slightly extended. Anterior image-guided cervi-
cal corpectomy was performed followed by С4-С6 
fusion with titanium expandable mesh and plate. 
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The navigational system allowed easy intraoperative 
С4-С5 and С5-С6 intervertebral discs verifi cation as 
well as to center the corpectomy strictly in relation 
to the midline (Fig. 6 А-C). Final intraoperative O-
arm scanning verifi ed the scope of decompression 
as well as optimal positioning of the titanium mesh 
and plate (Fig. 7 А-B). The postoperative period was 
uneventful. The clinical examination at 6 months 
postoperatively showed partial improvement of the 
motor and sensory defi cit (JOA score=12/17).

DISCUSSION

Our initial experience with the O-arm navigated 
spinal surgery allowed us to anticipate that this 
system may signifi cantly increase the precision of 
spinal instrumented procedures. It allows intraopera-
tive control and immediate correction of misplaced 
spinal implants that can eventually result in lower 
incidence of redo surgery. Similar results have been 
reported by other researchers in the treatment of 
scoliotic deformities3, diseases affecting the cervi-
cal4-7 and the thoraco-lumbar spine7-9. The navi-
gational systems increase the accuracy of pedicle 
screw placement in spinal segments with diffi cult 

anatomy such as upper thoracic spine where lateral 
projections provided by conventional C-arm are 
less informative due to overlap of multiple bone 
structures.10 The O-arm navigated surgery can also 
offer higher precision of pedicle screw placement 
via minimally-invasive percutaneous procedures.11 
Mason et al. reported that the percentages of properly 
placed pedicle screws aided by 3D navigated spinal 
surgery reached as high as 95.5%, whereas the same 
percentages achieved by conventional fl uoroscopic-
based surgery with C-arm was just about 68.1%.12

The radiation exposure of the surgical team 
and the patient substantially decreases in O-arm 
navigated surgery compared to conventional 2D 
fl uoroscopic-assisted spinal surgery.7,11,13

We encountered longer operative time with the 
use of O-arm spinal navigation in these fi rst two 
cases. Kotani et al. reported that surgeons could 
shorten operative time as experience increases.14 
Similar tendency was noted by Shevelev et al. who 
reported that a surgeon needs at least 1 month of 
regular practice with the O-arm navigational system 
to shorten the operative time.7

Figure 6. (А) С5-С6 disc verifi ed with the aid of the cranial navigation probe; 
(B) Navigated localization of the left and (C) right corpectomy border in strict 
relation to the midline.

Figure 7. (А) – (B) Final intraoperative 3D scanning to verify optimal implant 
positioning.
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CONCLUSION

Image-guided O-arm spinal surgery provides high 
precision and accuracy of instrumented spinal 
procedures even in cases with altered complex 
anatomy. Apart from its utilization in different spi-
nal instrumentations, this system can also be used 
for navigated removal of extradural spinal tumors 
which can result in more radical resections because 
in this case “the shift phenomenon” typical of the 
cranial navigated surgery will not be observed in 
spinal cases.
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Первоначальный опыт при проведении операции позвоночного 
столба с помощью навигации с O-Arm - доклад о двух случаях
Иво И. Кехайов1,2,  Христо Б. Желязков1,2 , Борислав M. Калнев1,2, Атанас Н. Даварски1,2, 
Борислав Д. Китов1,2, Стефан Д. Райков2
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2 Клиника нейрохирургии, Университетская больница ”Св. Георги“, Пловдив, Болгария

Операция позвоночного столба с использованием интраоперационной визу-
ализации обретает все большую популярность, поскольку позволяет хирур-
гам достижение минимальной инвазивности и максимальной точности при 
проведении процедуры.

Излагаем наш первоначальный опыт в двух случаях проведения операции 
с использованием O-arm базированной позвоночной навигации в Клинике 
нейрохирургии при Университетской больнице ”Св. Георги“ города Пловдива, 
Болгария. В первом случае нами было проведено устранение экстрадураль-
ной опухоли позвоночного столба в области шестого позвонка торакального 
(грудного) отдела позвоночника и фиксация педикулярного винта с помощью 
навигации с O-Arm. Во втором случае нами была проведена корпектомия 
пятого позвонка шейного отдела позвоночника и передняя реконструкция 
позвонка с использованием O-arm навигации, а также слияние с помощью ти-
тановой расширяемой сетки и шейной пластины ввиду дегенеративного су-
жения спинального канала, что явилось причиной клинического проявления 
миелопатии.

Первоначальный опыт позволяет нам прийти к заключению, что O-arm ба-
зированная операция позвоночного столба с использованием интраопера-
ционной визуализации может предложить намного более высокую точность 
при проведении процедур в области позвоночника. В то же самое время со-
кращается доза облучения пациента и хирургического коллектива.
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