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Neuromodulation with spinal cord stimulation is a proven, cost effective treatment
for the management of chronic radicular low back pain from failed low back surgery
syndrome and other neuropathic pain conditions. The traditionally instructed method
for percutaneous spinal cord stimulator lead placement promotes the use of a “loss
of resistance” technique under anteroposterior fluoroscopic guidance to assure
midline lead placement and proper entry into the epidural space. Loss of resistance
is a reliable method to locate the epidural space in most clinical situations. However,
in certain circumstances such as a congenital underdeveloped ligamentum flavum
or defects of the ligamentum flavum, sometimes occurring after lumbar spine
surgery, it might become difficult to use a loss of resistance technique to locate the
epidural space. In this case, the level of resistance might not be clear. Further, a false
loss of resistance might occur between changes in fascial planes that might lead to
the uncertainty of needle depth. This paper introduces an alternative method for
needle placement for spinal cord stimulator (SCS) trials and implantation without
using the traditional loss of resistance technique. The technique allows for precise
visual monitoring of the Tuohy needle tip under fluoroscopy to gauge needle depth
as it enters into the tissue and the epidural space based on anatomic structural
landmarks. This method allows for multiple lead placement or single lead insertion
multiple times in the same interlaminar space. This is an alternative approach to
the loss of resistance technique based on the fluoroscopic landmarks. Theoretically,
this should be a safer approach for accessing the epidural space; however, further
studies are needed to evaluate its safety.

Key words: spinal cord stimulator, loss of resistance, epidural access, lumbar
radicular symptoms of lower limbs, neuromodulation, posterior column stimulator
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he goal of this article is to describe the
relevant anatomy and method for precise
needle placement under the lateral view of
fluoroscopy for the placement of percutaneous spinal
cord stimulation (SCS) leads (Fig. 1). The discussion

of risks, potential complications, and benefits from
this approach are beyond the scope of this article.
Further studies are needed to evaluate the safety
of this approach. Readers should carefully evaluate
this approach with their medical knowledge and
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Fig. 1. The lateral view of the spine. S. The starting point to attempt to insert the SCS lead to epidural space at the base of superior
articulating process of the target Z-joint. E point. The tip of the superior articulating process of the target Z-joint. It is high risk
for penetration of the dural sac if the needle tip is close to or beyond this point. X means the end point to advance the needle.

experiences to understand the risks, benefits, and
potential complications that might be encountered in
this approach before using it in their clinical work.
Neuromodulation with spinal cord stimulation
is a proven cost-effective treatment for the manage-
ment of common conditions such as chronic radicular
leg pain from failed back surgery syndrome, complex
regional pain syndrome, or other painful neuropathic
pain syndromes (1,2). The traditionally instructed meth-
od for percutaneous spinal cord stimulator lead place-
ment promotes the use of a “loss of resistance” (LOR)
technique under anteroposterior (AP) fluoroscopic
guidance to assure midline lead placement and proper

entry into the epidural space. The LOR technique has
been used since the early twentieth century and is the
most common method for entering the epidural space.
However, the LOR technique was developed at a time
when fluoroscopy was either not yet widely available or
circumstances would not allowed for C-arm fluoroscopy
use, e.g., pregnancy. This technique relies on the dense-
ness of the ligamentum flavum and the sudden absence
of resistance experienced during ballottement of a sy-
ringe filled with saline (with or without an air bubble)
or air once through the ligament (3,4). Occasionally it
is difficult to use LOR with certain clinical circumstances
such as obesity, patients with an abnormal interlaminar

46

www.painphysicianjournal.com



Alternative Approach to Needle Placement in Spinal Cord Stimulator Trial/Implantation

ORI

AC: Midline of thoracic spine

Fig. 2. The lines drawing at the skin for needle placement
of the spinal cord stimulator. A point. The middle point at
the target interlaminar space. B point. The needle entrance
point, 1-2 cm lateral to the midline and 2 levels below the
target interlaminar space. C point. Midline at the 2 levels
below the target interlaminar space.

Fig. 3. A point on the skin is the corresponding point to the tip
of the spinous process above the target interlaminar space on
the AP view of fluoroscopy.

opening at the anteroposterior fluoroscopic views, or
patients with changes to the integrity of the ligamen-
tum flavum as might occur with previous spinal surgery.
Further, a false loss of resistance might occur between
changes in fascial planes that might lead to uncertainty
of needle depth (5). In this technique paper, we present
an alternative approach for percutaneous lead place-
ment mainly utilizing a lateral view of fluoroscopy to
precisely monitor the Tuohy needle tip as it enters the
epidural space without using loss of resistance. One po-
tential advantage of this approach is that one can vi-
sualize the needle tip and is able to gauge its depth in
real time while entering the epidural space. A second
potential advantage of this technique is the ability to
use the same target interlaminar space repeatedly for
subsequent lead placement or for lead reinsertion since
this method does not rely on an intact ligamentum fla-
vum for epidural placement.

MEeTHOD

Step 1

The patient is first positioned on the table in the
prone position. The field is then prepped and draped.
The target interlaminar space is visualized under AP flu-

Fig. 4. The trajectory line on the skin. The corresponding
line to the Tuohy needle under the AP view of fluoroscopy. B
point. The skin entry point of the needle on the AP view of

fluoroscopy.

oroscopic guidance, most commonly the T12- L1 inter-
laminar space. The target point, which is slightly cau-
dal to the T12 spinous process (Figs. 2 and 4, A point)
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of the interlaminar space, is marked on the skin using
a sterile skin marker. The Tuohy needle entry point on
the skin (Fig. 2, B point; Fig. 4, B point) is marked on
the skin at 2 full pedicle lengths below the desired tar-
get level and approximately 1-2 cm off of midline. It
must not be shorter than 34 length of the needle from
the target epidural entry point (Fig. 2 and 4, A point.)
The line between the 2 points (Figs. 2 and 4, AB line) is
then connected using the skin marker. We will title this
line as the “trajectory line” and it will serve as the skin
guide for proper alignment while advancing the needle
cephalad (in an AP view). Midline (Fig. 2, AC) is further
drawn as a reference. The angle BAC (Fig. 2) should be
approximately 15-20 degrees.

Step 2

The skin is anesthetized. Next, a modified Tuohy nee-
dle from the SCS kit is inserted with the bevel facing
up. The needle angle to the skin should be less than
20-30 degrees in the AP direction. The needle is ad-
vanced following the trajectory line (Figs. 2 and 4) un-
der the AP fluoroscopic guidance until the needle has
reached the point caudal to the target interlaminar

opening (Fig. 5). The fluoroscope is then rotated to a
true lateral view, which is obtained when the bilater-
al ribs line up so that only one rib shadow is viewed
for the corresponding bilateral ribs (Fig. 6). The C-
arm might require tilting and obliquing in a horizon-
tal plane to align the ribs to a single shadow. The zyg-
apophyseal joint (Z-joint) should be identified in full
view along with the vertebral foramen and vertebral
bodies with associated disc space. The tip of the nee-
dle should be superior and caudal to the base of the
target Z-joint line in the lateral direction at this time.

Step 3

The needle is then advanced with the bevel of the
needle facing up (Figs. 6 and 7) to the base of the supe-
rior articulating process (SAP) of the target Z-joint (Fig.
1, S point and Fig. 7) under the fluoroscopic guidance
of the lateral view. An intermittent fluoroscopic view is
obtained to ensure that the Tuohy needle is aimed at
the midline entrance point in the target interlaminar
space along the “trajectory line” in the AP direction.
At this point, the stylet is removed and a spinal cord
stimulator lead is inserted in a gentle attempt to pass
into the epidural space (Fig. 8).

Fig. 5. The Tuohy needle is inserted and advanced following
the trajectory line to the level caudal to the target interlaminar
space on the AP view before the fluoroscope is rotated to a true
lateral view.

Fig. 6. The needle should be superior and caudal to the target
Z-joint line on the lateral view. The needle is then redirected
toward the base of the target Z-joint line under lateral fluoro-
scopic guidance.
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Fig. 7. The needle reaches the S point (the base of the target
Z-joint line) under fluoroscopic guidance.

Fig. 8. A spinal cord stimulator lead is inserted in a gentle
attempt to pass into the epidural space.

Step 4

If resistance is felt, the lead is withdrawn to the
inside of the Tuohy needle. (Do not force the lead
into the tissue or advance the Tuohy needle with the
lead in place. Doing so will damage the outer surface
of the lead.) The needle is advanced one millimeter at
a time along the Z-joint line (Fig. 1, SE) with a lateral
fluoroscopic view (Fig. 9). An attempt to advance the
lead gently into the epidural space is applied again. The
ideal pathway of the Tuohy needle to the posterior epi-
dural space is to follow the Z-joint line from the bottom
to the tip under a lateral view of fluoroscopy (Fig. 1).

Step 5

If resistance is experienced, repeat this step one
millimeter at a time (Fig. 10) until the Tuohy needle is
advanced into the epidural space (Fig. 11). If the Tuohy
needle tip is close to the tip of the superior articulating
process of the target Z-joint (Fig. 1, E point) under a lat-
eral view of fluoroscopy, an AP view should be obtained
to ensure that the tip of the needle is in the midline
of the target interlaminar space. If the needle is found
lateral to the midline, it should be withdrawn and re-
positioned toward the midline. Once the lead is in the
epidural space, a series of AP views should be obtained
to ensure the lead is positioned at the desired level.

Fig. 9. If resistance is felt, the lead is withdrawn to the

inside of the Tuohy needle. The needle is advanced one
millimeter at a time along the Z-joint line under lateral
Sfluoroscopic guidance. The lead is advanced in another
gentle try to access the epidural space again.
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Fig. 10. If resistance is experienced again, repeat previous
step one millimeter at a time until the Tuohy needle is
eastly advanced into the epidural space.

Step 6

A second lead may be placed in the same inter-
laminar space on the same side using the first one as
guidance for direction (Figs. 12-16). The second Tuohy
needle should be inserted below or medial to the first
needle. Do not insert the second needle too close to the
first one at the skin level. This will ensure that the first
needle will not be inadvertently advanced any deeper
during manipulation of the second needle. The inser-
tion of the second needle should follow the same tech-
nique as the insertion of the first needle.

KEey poinTs:

1) The view of the Z-joint line: The main advantage of
this approach is the use of lateral view fluoroscopy
to monitor needle depth visually. Occasionally, op-
erators might not see the target Z-joint line at the
beginning of the lateral view because the C-arm
is not at a right angle to the Z-joint. In this case,
the C-arm might be obliqued a little bit to align
bilateral ribs together. The C-arm might also need
to be tilted slightly to square the endplates of the
corresponding vertebral bodies. In the lateral fluo-
roscopic view, the Z-joint line, or at least the SAP of
the target Z-joint, should be easily identified in full
view along with the vertebral foramen and verte-
bral bodies associated with the disc space.

Fig. 11. The lead is passed into the epidural space. Nor-
mally the epidural space should be accessed when the needle
tip reaches the middle point of target Z-joint line. If not, a
quick AP view should be applied to ensure that the needle is
following the trajectory line in the AP direction.

Fig. 12. The second SCS lead reaches the S point (the base
of the target Z-joint line) under fluoroscopic guidance.
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Fig. 13. The second spinal cord stimulator lead is inserted in

Fig. 14. If resistance is felt, the second lead is withdrawn to
a gentle try to pass into the epidural space.

the inside of the Tuohy needle. The needle is advanced one
millimeter at a time along the Z-joint line under lateral fluo-
roscopic guidance. The lead is advanced in a gentle attempt
to access the epidural space again.

Fig. 15. The second needle is advanced another millimeter to
access the posterior epidural space. The tip of the needle is
close to the midpoint of the Z-joint line.

Fig. 16. If resistance is experienced again, repeat previous
steps one millimeter at a time until the second needle is easily
advanced into the epidural space.
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2) Safety area: The position of the Tuohy needle desired

for safe entry into the posterior epidural space is
between the base of the Z-joint line, or SAP (Fig.
1S) to the middle of the shadow line of the corre-
sponding Z- joint (Fig. 1 SE) on lateral fluoroscopy.
Advancing the needle beyond this point might
place the needle tip beyond the epidural space,

visual anatomical location and not loss of resistance
feel, there is no requirement for an intact ligament
to gauge needle depth. When utilizing this ap-
proach, a second lead may be placed in the same
interlaminar space on the same side. Similarly, if
required to reposition the needle, the same space
may be entered without a need to change levels.

potentially intrathecally.

3) The re-entry points: Since this approach is based on

4. The comparison of the traditional LOR with this ap-
proach can be seen in Table 1.

Table 1. Comparison between the Loss of Resistance Approach and the Direct Visualization Approach.

Approach

Loss of Resistance Approach

Direct Visualization Approach

Needle insertion

Paramedian approach

Same paramedian approach with the restricted entry angle (20-30 degrees) and
the skin entry point (Figs. 2 and 4, B point) must be % needle length below the
target interlaminar opening (epidural entry point) at least 2 full pedicle lengths or
% length of the needle below the target epidural entry point

Monitoring needle
tip

Optional lateral view

Lateral view with recognized bony landmark (Fig. 1) to visualize the depth of the
needle tip related to the estimated epidural space

Locating epidural
space

Using Loss of Resistance approach
without knowing exactly or rela-
tively the needle tip depth inside the
cervical canal

1. Advance the needle one millimeter at a time after inserting the needle close to
the interlaminar opening (Fig. 1, S point) and use the SCS lead to try to access the
epidural space gently

2. Use the lateral view to make sure that the needle is advanced to proper depth

Accessing epidural
space

Syringe is removed and an SCS lead
is inserted

SCS lead is inserted

Advancing lead inside | Originally taught approach Same approach

of thoracic epidural

space to target level

Requirements Precise manipulation of needle 1. Precise manipulation of needle. (Any deviation from trajectory line in AP di-

rection and/or the line from skin entry point to the base of the Z-joint will cause
severe problems when the needle accesses the epidural space)
2. Thorough knowledge of anatomy of thoracic spine and fluoroscopy

Common problems

Many noted problems with this
approach dependant on the user.
(Might be difficult to use Loss of Re-
sistance approach to access epidural
space due to the differences between
patient’s body habitus)

1. The needle is pointing laterally to the target point while being advanced. (The
needle tip will appear lower than usual related with epidural space on the oblique
view of fluoroscopy)

2. Needle entry point at skin (Figs. 2 and 4, B point) is shorter than % length of
needle below the target interlaminar opening

Contraindications

As taught

1. Same as paramedian approach

2. Thoracic spinal stenosis

3. Do not use it without fully understanding this approach

4. Lapse of attention might cause serious complications

5. Switch to Loss of Resistance approach if any difficulty is encountered

Risks and potential
complications

As taught

1. Same as paramedian approach
2. Paraplegia, death, or other serious consequences could occur from carelessness
or uncertainty with anatomy of thoracic spine or fluoroscopy

Benefits

As taught

1. Same as paramedian approach

2. The needle may re-enter the epidural space at the same level and same side of
the target interlaminar opening for needle entry point adjustment or subsequent
needle insertion (It does not depend on the integrity of the ligamentum flavum as
the loss of resistance technique does)

Recommendations

Caution needed

1. Thorough anatomic knowledge of thoracic spine, fluoroscopy and caution needed.
2. Use this approach with Loss of Resistance approach if user has fewer experi-
ences with this approach or is new to thoracic SCS lead insertion. (Do not re-
enter epidural space at the same level and same side of thoracic spine when using
Loss of Resistance only.)
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Discussion

The LOR technique is a reliable method for localiz-
ing the epidural space in most clinical situations. How-
ever, in certain circumstances it might be difficult to use
an LOR technique to locate the epidural space since the
resistance level might be unclear. The false loss of resis-
tance might occur when changes in fascial planes occur
that lead to uncertainty of needle depth. This approach
allows for precisely monitoring the Tuohy needle depth
as it enters into the tissue and the epidural space based
on anatomic landmark structures. It also allows for mul-
tiple lead placements (Figs. 12-16) or a single lead in-
serted multiple times in the same interlaminar space on

the same side. It can also be used for thoracic epidural
injection with LOR technique under fluoroscopic guid-
ance to monitor the needle tip location (Figs. 17, 18).

ConcLUSION

This is an alterative approach to the loss of resis-
tance technique based on fluoroscopic landmarks. The
safety and risk assessment of this approach is beyond
the scope of this technique report. Theoretically, it
should be a safer approach to access the epidural space;
however, further studies are needed to evaluate the
safety of this method.

Fig. 17. Thoracic epidural with loss of resistance technique.
The Tuohy needle reaches the S point (the base of the target
Z-joint line) under fluoroscopic guidance.

Fig. 18. Thoracic epidural with loss of resistance technique.
The posterior thoracic epidural space is highlighted by con-
trast dye.
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