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With the improvement of assisting imag-
ing methods and the continual evolu-
tion of surgical instruments and ecar-

teur, popularity of minimally invasive spinal surgery 
has increased in the last years. Basic X-ray, C armed 
scope, CT (computed tomography), MRI (magnetic 
resonance imaging), USG (ultrasonography) and 
navigation can be used for imaging during these 
attempts.

Spinal Navigation

Spinal navigation systems have been behind of cra-
nial navigation due to inexistence of stable reference 
point. It has become the main imaging method with 
the software improvement that decreases the er-
ror rate. It is apparent that error rate will be lower 

in navigation systems for cranial because of devia-
tion of anatomy with CSF drainage and calibration 
with real time scope. In the last years, software that 
will integrate patient’s MRI and CT images to sys-
tems during surgery has been developed. As a con-
sequence, incision length can be decreased with this 
technique, instrument usage can be safer, and oper-
ation time can be shorter.7,9,18 If we assume that spi-
nal surgery is the major operation in neurosurgery, 
these techniques that decrease medico-legal prob-
lems, error rates and operation time thus making 
these methods more popular. (Figure 1a, b)

Robotic Systems

Together with the development of navigation sys-
tems, robotic systems are introduced. CT based 3 

Figure 1: Screwing with navigation on (a) lumbar and (b) cervical
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dimensional planning provides decreased incision 
length and optimization of instrument placement. 
It also warns the surgeon for anatomical differences 
and decreases the complication rate. In addition, it 
quickens the learning of percutaneous systems. Fur-
thermore, it decreases the hospital stay length and 
cost. Also, one of its advantages is that it does not 
occupy a lot of space and X ray dosage is lowered 
for the surgical crew. (Figure 2)

Computed Tomography

CT is mostly used during spinal biopsies and dis-
cographies during surgery. Robertson and Ball first 
did percutaneous spinal biopsies in 1935 without a 
scope.14 Siffert and Arkin 17 did spinal biopsy with 
conventional imaging. First biopsy with the assis-
tance of scope was done in 1969, and with CT was 
done in 1981.1,10 Using CT during surgery decreases 
the adjacent tissue and vein injury and provides safer 
pathological samples from the area that is needed. 
Three-dimensional images from CT pioneered in di-
agnosis as well as surgical planning and have been 
a milestone for minimally invasive surgery. An im-
portant complication of biopsy, tumor plantation 
on the surgical line, is much lower with CT than 
with scope.2,8,9 Using CT during ablative attempts 
for pain (facet denervation, epidural blockage, SI 
injections) increases the strength and safety of the 
procedure.11,15 However, this area is also passed on 
to invasive radiologists and algologists.

Magnetic Resonance Imaging

Important information about spinal fractures and tim-
ing of them is acquired from STIR (short tau inversion 
recovery), a new MRI technique that is used in the 
preoperative period, which suppresses fat. Further-
more, it provides information during vertebroplasty 
about the fracture line, which will be filled with ce-

ment on T2, weighted 
cross sections. MRI 
also gives detailed 
information about 
fluid injection or gad-
olinium use after dis-
cography. It gives 
sufficient support 
to minimally inva-
sive surgery by pro-
viding detailed im-
ages and making 
it safer for the di-
agnosis and treat-
ment of tumors or 
degenerative disc 
diseases.7,8,16

C-Armed Scope

Most of minimally invasive interventions require 
scope guidance, for this purpose, this section is about 
scope utilization in detail. C-armed scope can reach 
to aimed anatomical region by using several images 
acquired from different angles. Rigid scopes used 
for gastrointestinal purposes are insufficient. Motor-
ized scopes used by invasive neuroradiologists can 
maximize the image quality while minimizing error 
rate. Procedure time and exposed radiation can be 
decreased with these motorized systems and expe-
rienced staff. Device can put recurring procedures 
to its memory, and with the use of appropriate soft-
ware operational steps can be shorter. However, the 
rooms, which have these devices, are usually not 
convenient for routine surgeries.4,8,11,15

Operation table should be permeable to beam 
and relatively narrow for C-armed scope’s motion. 
Material to keep patient’s position stable should not 
block the image and C arm should be wide. Side of 

Figure 2: Robotic screwing system added to spinal navigation
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the C arm is not important. Sterile cover must be ad-
justed to allow scope’s motion for 90 degrees. Most C 
armed scopes have laser for guidance purposes.4,8

Beam Safety
In order to protect from hazardous properties of ra-
diation, preventive gloves, preventive lead scrubs 
and preventive thyroid materials must be used and 
taught. Most surgeons usually neglect these steps 
due to the weight of the material and its restricting 
features. However, the surgeon is not only putting 
himself at risk, but also affects other staff as well. 
The assisting personnel can expose surgeons to 
charges in the future. Equipment that will be used 
for C armed scope should have low scatter gram and 
pulse mode skill. By using approximately 4 pulse/s 
mode, radiation exposure can be decreased at least 
80% with real time scope.4

Using Scope on other Areas
Using scope for minimally invasive approach made 
surgical techniques improve and decrease surgi-
cal extent.

Scottie dog view provides appropriate aim points 
for all lumbar injections (entry for transforaminal 
epidural, intralaminar epidural, intraarticular facet 
injections, medial branch injection, discography or 
intradisc procedures).11,12,15,16,19 It is obtained by ro-
tating the scope 20-30 o. More rotation is needed for 
lower lumbar facet injections. (Figure 3)

Epidural anatomy is shown with epidurography, 
and it also prevents medication to escape to thecal sac 
or veins. Patient can be in prone, sitting or lateral de-
cubitus position. C armed scope is rotated to lateral 
and caudal by 20 and 30o, respectively from the mid-
line. Needle is guided to lamina’s upper margin and 
then interlaminar space. There is a resistance while 
passing ligamentum flavum, and negative pressure 
is apparent in the epidural space. Contrast material 
is easily passed into epidural space.11,15,19 (Figure 4) Epi-
durography is done with non-ionic contrast agent, 
which is proven safe for myelography. Contralateral 
oblique view is the safest for showing needle pass-
ing from lamina to space.

Figure 3: Scottie dog view obtained by rotating 
scope by 20-30o

Figure 4: Epidurography (a) position (b) inserting 
the needle (c) contrast agent injection

a

b

c

Interspinous interlaminar epidural steroid injection

• Position

- Sitting position

- lateral decubitus

- Prone

Interlaminar interspinous venture

• Loss-of resistance
- Interference with the needle at the proper position

• Air
• Saline

- The loss of resistance before expected
• Front of the ligamentum flavum

- The perception of passing flavum
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while aiming transvers process and superior articular 
process’ junction. For lateral imaging, needle should 
be behind neural foramen.11,12,15,19 (Figure 6)

Because cervical facet joint is angled on superior 
to inferior, entrance is done from posterior and in-
ferior to a prone positioned patient. Scope direction 
is caudocranial. Consequently, lateral mass and fac-

ets are visible. It is guided 
2 cm lower than facet and 
then above. Also on cervi-
cal medial branch injec-
tion, patient is positioned 
supine and facet’s image is 
taken mediolaterally. 20-30o 
oblique images are needed 
to see foramen and avoid 
there.

For lumbar discography 
various techniques are de-
scribed. Patient is on prone 
position in order to lessen 
lumbar lordosis. With sup-
ports that will not block the 
beam, maximal space is ob-
tained on the disc space and 

C armed scope is guided through 30-45o lateral from 
midline and 10-45o cranial. Actually these angles vary 
depending on the spinal levels. Orientation of im-
aging is obtained by giving craniocaudal angle on 
L4-5 and L5-S1 levels. For the discs that are above 
L3-4, usually angle is lowered for the scope. In or-
der to obtain Scottie dog view, scope’s direction is 
turned to lateral without changing orientation. An-
gle should be parallel to the disc, far from nerve and 
able to reach to disc’s central. Appropriate angle is 

Transforaminal epidural injection is done when 
the patient is in prone position. Lateral angle is more 
than in the interlaminar technique. Usually there is a 
30-45o angle from the midline while mildly rotating 
to caudal position. Needle is guided to pedicule’s 
lower margin and lightly medial. 11,12,15,19 Contrast 
agent is injected here, and it becomes dense around 
nerve sheath’s proximal by leaking. (Figure 5)

During facet injection, scope is given a slope 
that will be parallel to facet surfaces. This slope is 
less oblique in thoracolumbar junction than in lum-
bosacral. Needle is placed until the middle of the 
joint, and scope is rotated laterally to give a better 
view of this area. Entrance is posterolateral to a prone 
positioned patient. For medial branch injection, 
aim is transvers process’ medial and superior artic-
ular process junction. Scottie dog view is obtained 
in oblique imaging, with this way entrance is safer 

Transforaminal epidural injection 
Selective spinal nerve block

Position
30o posterior oblique
C-arm position

Figure 5: Transforaminal epidural injection

• 45o oblique
• Above the painful area • Anteriorda-Transvers proses

•  Lateral to the medial superior 
articular facet

Figure 6: : (a) appropriate entrance angle for facet joint blockage (b) medial branch injection
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obtained when the scope is between superior artic-
ular process and disc’s 1/3 distance. Thus, scope is 
far away from oblique descending nerve.11,15,16,19 Nee-
dle position is between clockwise 12 and 3 for the 
ideal positioning. (Figure 7)

Dorsolateral approach might be difficult in a 
patient that had fusion or instruments. In this case, 
median or paramedian transdural approach can 
be made. Scope is not needed continually while 
the needle is advanced. Millisecond scopes behind 
preventive scrubs are safer for the operator. Conve-
nience of the position is checked with AP and lat-
eral scopes after needle is advanced towards disc’s 
center. Ideal position is when needle is in the cen-
ter of the disc.

Thoracic discography is quite hard. Operation 
tables and scope systems that are used during an-
giography can be used instead of C armed scope. 
Needle usually needs to be 15-30o on AP image. 
Lower and middle thoracic area images are easier 
and safer to get. Obtaining images from T5-6 and 
above can be impossible at times. If no appropriate 
image can be obtained for upper thoracic area (lat-
eral T1-4, due to shoulders being a part of the im-
age) for wide patients, alternative-imaging methods 
should be considered.

For cervical discography patient’s shoulders 
should be raised on supine position, head should 
be extended and directed to opposite of the proce-
dural side. Needle is directed approximately 30-45o 

oblique and downward. Disc surfaces should be 
parallel for the scope. Needle is inserted between 
left index and middle fingers while they palpate the 
vertebrae. These fingers also hold carotid artery on 
the lateral side.16,19

For arthroscopic discectomy 11-12 cm, for dis-
cography chemonucleosis and vertebral biopsy 7-9 
cm, for interlaminar approach 2-5 cm entrance is 
chosen. Entrance angle and place is safer to plan 
with CT. Needle is inserted with AP oblique and 
lateral scopes. Convenient localization on lateral 
image can show a dangerous position for AP an-
nulotomy. It can be enough to have needlepoint 
vertically on AP image; however, vertical position-
ing on lateral image cannot be accepted. If the nee-
dlepoint is close to horizontal on lateral image, it 
means that the point is behind the vertebrae cor-
pus; nevertheless, on AP image the point can be 
seen in the space. Safer approach is to have nee-
dlepoint on corpus posterium on lateral image 
and mid peduncular or lateral to pedicle on AP 
image. Where the pedicle divides into 3, medial 
peduncular line should be aimed for entering 
into the canal and removing sequestrum pieces; 
as mid peduncular line is aimed for foraminal 
discectomy and arthroscopic discectomy and lat-
eral peduncular line for discography and extra fo-
raminal discectomy. Kambin triangle is used for 
arthroscopic discectomy. This triangle is formed 
by superior articular process on middle, superior 

Figure 7: : Discography (a) position (b) appropriate angle is obtained when facet joint’s half and 1/3 crosses
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end plate on below and nerve on superior lateral. 
4,5,6,15,16,19 (Figure 8)

Injection to sacroiliac joint (SI) can be done with 
CT, C armed scope, MRI or USG. The patient is put 
to prone position and the scope is shifted to 15-30o 
from middle to lateral while joint’s lower 1/3 surface 

is parallel. 20-30o of angle is given cranially. If CT is 
being used, 3-5 mm slices are obtained. Same pro-
cedure can be done with USG under experienced 
hands.11,13,15 (Figure 9)

Transpedicular approach is the main procedure 
for vertebroplasty and percutaneous screwing. Patient 

Figure 8: : Arthroscopic discectomy (a) AP (b) lateral scope  
(c) Kambin triangle and adjacent neural structures A upper margin B dural sac C lower nerve

Figure 9: : SI injection (a) position (b) scope view and needle entrance when joint’s lower 1/3 surface are par-
allel (c) SI injection with USG
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is given slight lordosis position. Entering into pedun-
cle is safer with CT. Although it has gained popu-
larity for vertebroplasty and kyphoplasty, cement 
injection is used less due to not being enough safe 
for follow-up. Approach starts from peduncle’s lat-
eral and superior margin after achieving bull’s eye 
view on AP image. Entrance through skin is 2.5 cm 
upper and 2.5 cm lateral of this view. Needle is put 
through clockwise 2-3 for the right side, and clock-
wise 9-10 for the left side. 2,3,9 (Figure 10)
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