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Abstract

Objective. A heightened and organized understanding of sacral anatomy could potentially lead to a more effective
and safe method of dorsal root ganglion stimulation (DRG-S) lead placement. The aim of this technical note is to de-
scribe a standardized access method for S1 DRG-S lead placement. Design. Technical note. Methods. The described
approach utilizes alignment of the lumbosacral prominence and is measurement-based, allowing for standardized
sacral access, even when visualization is suboptimal. The medial-to-lateral needle trajectory is designed to limit in-
teraction with the sensitive neural structures and allows for a more parallel orientation of the lead to the DRG and
nerve root. Conclusions. The described technique potentially improves the safety of S1 DRG-S lead placement. The
parallel lead orientation to the DRG may also increase efficacy while lowering energy requirements.
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Introduction through the foramen and then over the dorsal root gan-

Dorsal root ganglion stimulation (DRG-S) utilizes a glion (DRG), followed by S’ tension loop placement [1].

shaped electrical field placed over the somata of primary A developing appreciation for the interplay between
afferent nerve fibers. When compared to dorsal column ~ DRG-S’ implantable components and methods and the
spinal cord stimulation (SCS) lead placement, DRG-S  resulting specific anatomical structures in device failure
requires a significantly different technique for electrode  and patient injury is driving technique evolution to im-
placement that continues to evolve. With DRG-S, a curved  prove safety and efficacy. Anchoring the 1-mm DRG-S
introducer sheath is used to steer and deploy the lead  lead has proven to be an integral step in decreasing lead
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migration and potentially lead fracture [2]. Additionally,
an ipsilateral, paramedian approach for thoracolumbar
DRG-S lead placement was described to decrease lead
fracture and enable an alternative technique to the wider-
angled contralateral approach [3].

Sacral DRG-S leads were initially placed using a retro-
grade technique, which was supplanted by the posterior
transforaminal approach [4, 5]. This more accessible ap-
proach increased utilization, and led to the improved un-
derstanding of S1 DRG-S’ therapeutic potential,
specifically, the multi-dermatomal coverage of neuro-
pathic buttock, leg, and foot pain that DRG-S at S1 pro-
vides [6-9]. This becomes apparent when comparing the
pivotal ACCURATE study’s use of only a single S1 lead
[10], to a 2021 pooled analysis of 756 DRG-S leads
which included 248 S1 leads, or 32.8% of the total [2].

Anesthesia for placement of a trial or permanent
DRG device has evolved since the early cases were per-
formed. Recognition of the sensitivity of the DRG to me-
chanical stimuli during placement has led to raised
awareness of anesthetic management and the procedural
approach [3, 11-13]. Insult to neural structures can
cause a neuritis, paresthesia, or weakness, and although
commonly self-limiting, longer-term injuries during lead
placement in asleep, unmonitored patients have been
reported [14, 15]. Sacral neurologic injury in particular
has also been reported with sacral nerve stimulation
(SNS) from urologic experience [16, 17]. Performing
lead placement in the awake patient may reduce such
risk, as may the utilization of intra-operative neuromoni-
toring (IONM) [13, 18].

Given the therapeutic benefits of sacral DRG-S, and
the inherent challenges and associated risks of sacral lead
placement, the authors detail a novel sacral lead implant
technique that relies on fluoroscopic anatomical land-
marks and measurements that are generally consistent
across the population. Moreover, this technique is
designed to limit intra-foraminal instrumentation and the
accompanying potential for DRG or nerve root contact
by the Tuohy needle or introducer sheath.

Sacral Anatomy Review

A thorough understanding of sacral anatomy facilitates
efficient sacral DRG-S lead and loop placement and
reduces multiple common obstacles to placement. The sa-
crum is formed by the fusion of five progressively smaller
sacral vertebrae and their costal elements [19]. The con-
vex shaped triangular sacrum stabilizes the spinal col-
umn. The angle where the lordotic lumbar spine meets
the sacral promontory is called the lumbosacral angle,
which measures roughly 35-40° [20].

Rudimentary spinous processes form the midline sa-
cral crest and on either side of the median sacral crest
runs a shallow sacral groove, which gives origin to the
multifidus muscle. The floor of the groove is formed by
the united lamina of the corresponding vertebrae. Lateral

to this lie the intermediate crests, which are formed from
the fused articular processes of the sacral vertebrae. At
the S1 level the fused joints are the largest, partially
obstructing the medial aspect of the S1 posterior sacral
foramen (PSF) in the AP view. This ridge narrows cau-
dally with the most inferior aspect forming the sacral cor-
nua; this landmark for the sacrococcygeal hiatus lies just
medial to the S4 PSF and is responsible for articulating
with the cornua of the coccyx.

Sacral Canal

The triangular sacral canal measures 27 to 31mm in
width and 12 to 21 mm in AP distance at the S1 level, de-
creasing in diameter caudally to the sacral hiatus [21-
23]. The thecal sac ends at approximately the S2 level.

Sacral Foramina

The anterior sacral foramen (ASF) at each level commu-
nicates with the sacral canal through the intervertebral
foramen (IF). The IF is distinct from the ASF and is bor-
dered rostrally and caudally by the pedicles, and the sa-
cral canal medially. The ASF is formed by the fused
winged sacral transverse processes, and is a distal exten-
sion of the path of the spinal nerve and sometimes the
DRG [24]. The PSF is an opening on the dorsal aspect of
the ASF, which allow the small dorsal sensory fibers to
exit. Each side normally possesses four PSF and ASF,
which vary in width, height, and depth. The S1 PSF
measures approximately 12mm Xx 10 mm and typically
can be found caudad to the L5/S1 facet joint. The S2 PSF
is slightly smaller, measuring approximately 8 mm x
8 mm [21, 22].

The S1 and S2 ASF are relatively equal in size measur-
ing approximately 13 mm in diameter [21-23]. The ros-
tral border of the S1 PSF lies approximately 2.5 cm from
the superior margin of the sacrum, 2cm from midline,
and 2.5cm from the posterior superior iliac spine [25,
26]. When aligned, the approximate boundaries of the
ASF are 6 mm superior, 10 mm lateral, 3 mm inferior,
and 3 mm medial to the corresponding margins of the
PSF. In the lateral fluoroscopic view, the transverse ridge,
a remnant of the fused intervertebral disc, approximates
the level of the lower foramen at the S1 and S2 levels—
see Figure 1.

Sacral Nerves and DRG

The ASF fans out inferior-laterally and when measured
from the midline of the sacral canal, the DRG and nerve
root travels in a lateral oblique angle approximately 15°
from the sagittal plane and 28°ventrally, and is accompa-
nied by the foraminal vessels [23, 27].

The S1 DRG measures roughly 13 mm long x 6 mm
wide, compromising nearly 60-70% of the foramen [23].
It lies at or near the intervertebral foramen, with 55—
60% of S1 DRG found within the foramen and 40-45%
within the sacral canal [28]. These anatomical nuances
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Figure 1. (A) Anterior-posterior view of S1 lead placement for failed back surgery syndrome with partially obscured foramen.
Medial to lateral access allows the lead to follow the path of the dorsal root ganglion and nerve root. (B): Lateral image of the S1
lead placed in a patient as a salvage trial of dorsal root ganglion stimulation at T12 and S1 for failed back surgery syndrome. The
remnant of the S1-2 disc can be seen adjacent to the S1 lead and serves as a landmark for placement.
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Figure 2. Axial view of the S1 level with (A) oblique vs (B) the described AP, medial to lateral DRG-S needle placement approach.
Note the angle of entry facilitates lead placement over the DRG in the trajectory of the Tuohy needle, while keeping the needle and

introducer away from the DRG itself.

place the DRG directly in line with the needle trajectory
with the commonly used ipsilateral oblique fluoroscopic
view for DRG-S approach [29, 30]—see Figure 2.
Additionally, when this approach is utilized, the lead is
directed medially, likely to deflect off the vertebral body,
and approach the DRG in a perpendicular orientation,
with only the distal contacts lying adjacent to the later-
ally spanning DRG and nerve root.

As such, caution must be taken to avoid injuring the
DRG when placing S1 leads. The Tuohy needle and/or
introducer sheath can cause blunt trauma to the DRG’s
sensitive small fiber neurons. If this occurs, symptoms
range from a transient paresthesia, as seen with a spinal
needle contacting the DRG during transforaminal injec-
tions, to more severe symptoms that may take longer to
resolve.
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Figure 3. Sacral measurements under fluoroscopy with the sacral endplate aligned to 35°. Gray dashed- lines represent the midline
and the aligned sacral promontory. Measurements are relatively consistent across the population. The ‘X" marks the target adjacent
to the foramen to contact periosteum before walking laterally into the foramen. The inset box demonstrates the angle at which the
dorsal root ganglion and nerve root exit the intervertebral foramen. PSF = posterior sacral foramen.

Novel Sacral DRG-S Lead Placement
Technique

Visualization

Initial identification of the PSF can be challenging, as it is
smaller and may be superimposed on the ASF, and addi-
tional variables can obscure its view under fluoroscopy
including obesity, intestinal gas, osteoporosis, and instru-
mentation. This novel technique is designed to optimize
foraminal access, reduce potential for neural insult, and
allow the lead to lie in plane with the DRG and nerve
root to minimize energy requirements. Sacral size and to-
pography is relatively standard across the population,
and this technique utilizes the consistent measurements
from the sacral promontory to the S1 and S2 PSF [31]—
see Figure 3.

After sterile prep and drape, AP and lateral fluoro-
scopic evaluation ensure understanding of the midline,
the sacral endplate, and even potential S1 or S2 interlam-
inar spaces that could create risk for inadvertent canal
entry and dural puncture. Measurements are taken from
the aligned sacral promontory. To compensate for the
lumbosacral angle and sacrum convexity, align the sacral
promontory with an approximately 35° craniocaudal an-
gulation of the fluoroscope—see Figure 4. This also
aligns the trajectory through the PSF and ASF. Using a
skin marker, draw a line over the sacral promontory and
another over the aligned midline sacral crest.

Figure 4. Fluoroscopic set up for visualization.

S1PSF Access

The initial target is the bony sacrum at the medial border
of the PSF, which is 3.2 cm from the sacral promontory
and 1.8 cm from the midline. Begin by confirming foram-
inal access with a 22-gauge Quincke ‘finder’ needle. This
can limit the potential trauma and discomfort with
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repeated attempts using the 14-gauge DRG-S Tuohy nee-
dle. After contacting periosteum with the finder needle at
the medial border, redirect the needle laterally and enter
the PSF. The medial portion of the PSF may be slightly
obscured by the intermediate crest (fused facet joint of
S1). Confirm needle placement within the PSF using the
lateral view. Avoid injecting local anesthetic at or beyond
the PSF ligaments with the finder needle.

After locating the foramen, remove the 22-gauge nee-
dle and follow its tract with the Tuohy needle. Again,
contact periosteum medially, redirect the needle laterally,
and stop as the needle penetrates the PSF ligaments. At
this point do not advance the Tuohy needle further. With
the goal of minimizing inadvertent instrumentation of
the ASF, check the lateral fluoroscopic image to confirm
the Tuohy needle tip is at or just beyond the posterior
wall of the sacral canal. The medial-to-lateral PSF entry
allows the lead to run along the DRG and nerve root
rather than colliding with it, optimizing available con-
tacts for stimulation while potentially decreasing energy
requirements.

After PSF entry, rotate the bevel of the Tuohy infero-
lateral, along the axis of the nerve root. With the

introducer sheath preloaded with the DRG-S lead, ad-
vance the introducer sheath into the Tuohy needle until
the first indicator line on the sheath reaches the hub of
the needle, thereby keeping the sheath within the bevel.
Attempt to pass the lead through the ASF without ad-
vancing the introducer sheath. This is typically easy, con-
sidering the large diameter of the S1 foramen. Pass the
lead anteriorly until the distal contact nears the anterior
sacral body. If unable to advance the lead, consider using
the introducer wire from the kit to find a path that the
lead can follow, similar to the thoracolumbar DRG-S
placement technique. Gentle advancement of lead, intro-
ducer wire, or introducer sheath into the foramen is im-
perative to avoid irritation of the DRG. If unable to pass,
consider repositioning the Tuohy needle rather than re-
peated failed attempts.

Sacral Loop Placement

With the distal contact near the anterior border of the sa-
crum, retract the lead stylet 5-7 cm, and with the intro-
ducer sheath within the bevel of the Tuohy, rotate the
sheath and bevel rostrally—see Figure 5. To form the

Figure 5. Sacral loop placement. (A) After the Tuohy needle passes the posterior sacral foramen, the lead is advanced without ad-
vancing the needle or introducer sheath further so the distal contact is at the level of the anterior sacral border. (B) The Tuohy nee-
dle with the sheath within the hub is rotated cephalad and the introducer sheath is advanced so it protrudes slightly from the hub.
(C) Once the lead bends slightly, retract the stylet and advance the lead slowly. (D) Once the superior loop formed, retract sheath,

rotate the needle caudally, and repeat the process.
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superior loop, lever the Tuohy caudad and advance the
introducer sheath several millimeters rostrally, so the tip
of the introducer sheath appears in the cephalad direction
on fluoroscopy. Then, slowly advance the introducer
sheath and lead rostrally in the sacral canal. Once the
lead bows in the rostral direction, advance the lead.

Once the cephalad loop is created, retract the intro-
ducer sheath back into the Tuohy needle, rotate both the
Tuohy and introducer sheath dorsally, and advance the
lead. The lead may advance slightly into the S1 foramen,
which may be acceptable if unable to correct, given the
large foraminal diameter. This process can be repeated as
needed.

Properly placed sacral canal loops are resilient to mi-
gration; however, placement can be challenging, espe-
cially at lower sacral foramina. If unable to place
intracanal loops, an alternative is placement of tension
loops external to the sacral canal, dorsal to the posterior
sacral wall. Extra-canalicular loop placement requires
the introducer sheath to direct the lead during loop place-
ment. Attention is required to limit lead retraction and
kinking of the sheath or lead secondary to excessive pres-
sure on either component. Additional pressure is some-
times needed to find a potential track on the posterior
sacral surface or in the overlying soft tissue.

Limitations
Thin patients might not be candidates for the procedure
due to the paucity of tissue overlying the sacral foramen.

Conclusion

A heightened and organized understanding of sacral
anatomy could potentially lead to a more effective and
safe method of DRG-S lead placement. Alignment of the
lumbosacral prominence and utilization of the measure-
ment-based approach as described in this manuscript
allows a standardized access, even when visualization is
suboptimal. The medial-to-lateral needle trajectory is
designed to limit interaction with the sensitive neural
structures and allows for a more parallel orientation of
the lead to the DRG and nerve root, potentially improv-
ing efficacy while lowering energy requirements.
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