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ABSTRACT

Background: Pelvic fixation improves the stability of spinal instrumentation and can be used in high-grade
degenerative disease, trauma, deformity, and destabilizing invasive pathologies, such as infection and tumor. Classic
techniques for spinopelvic fixation include traditional iliac screws and S2-Alar-Iliac screws. We present a case series

describing the distal ventral iliac pathway (DVIP) for spinopelvic fixation and discuss surgical indications and merits of
this technique. We describe the use of the DVIP for spinopelvic fixation in the setting of degenerative and traumatic
pathologies, compare this technique with existing approaches, and summarize literature to support this approach.

Methods: One hundred twenty-eight cases of DVIP screws were identified at 1 academic medical center, and 3
cases were chosen as representative examples for technique demonstration.

Results: Patient ages ranged from 19 to 81 (mean 62) years. Intraoperative and postoperative complications
include 12 incidental durotomies, 3 suprafascial infections, and 2 compressive hematomas. There were 22 instances of

hardware failure and 8 instances of pseudoarthrosis. Overall, 26 patients underwent revision surgery. Mean estimated
blood loss, operative time, and time under fluoroscopy were 1959 mL, 386 minutes, and 3.19 minutes, respectively.

Conclusions: The DVIP is both safe and effective as a treatment for patients with degenerative and traumatic

lumbosacral pathology. Spinopelvic fixation provides improved soft tissue coverage and fewer hardware complications
at minimum of 1 year follow up. This case series demonstrates a novel surgical technique for spinopelvic fixation in the
setting of numerous spinal pathologies.

Level of Evidence: 4.
Clinical Relevance: This surgical technique is less technically challenging than current approaches, minimizes

radiation exposure, and obviates the need for horizontal connector rods. In addition, in highly destabilizing pathologies,
this technique also allows for multiple screw placement within the ilium, while maintaining the ability to connect to a

single rod construct. This technique is safe, technically approachable, and broadly applicable to an array of spinopelvic
pathologies.

New Technology
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INTRODUCTION

Spinopelvic fixation is a useful tool for augment-
ing the strength and stability of multilevel spinal
constructs and play a critical role in treating
pathologies which include chronic deformity and
traumatic and infectious etiologies.1 Construct
strength across the lumbosacral junction is partic-
ularly important, given the high biomechanical
stress at this interval and relatively poor bone
quality of the sacrum in certain cases, which
predisposes patients to hardware pullout and
failure.2 Additionally, anatomic constraints limit
the size of screws that can be placed into the sacrum,
thereby necessitating fixation to the bony pelvis to
achieve sufficient construct strength. Since Galves-

ton rods first gained popularity in the 1980s, a

variety of improvements have been proposed for

spinopelvic fixation, most popularly traditional iliac

(TI) screws and more recently S2-Alar-Iliac (S2AI)

screws.3

TI screws are placed at the posterior superior iliac

spine (PSIS) and directed to either the superior

acetabular notch or the anterior inferior iliac spine

(AIIS), with the latter trajectory affording place-

ment of longer screws and mitigating the risk of

acetabular violation.4,5 Despite a biomechanical

advantage over earlier fixation methods, their

position most often necessitates horizontal connec-

tors to complete the construct. The positioning of

this screw often predisposes the patient to pain and
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soft tissue complications in association with hard-
ware prominence.3 Additionally, offset connectors
are a potential point of hardware failure. Lastly,
concerns of pain and hardware prominence often
necessitate subsequent elective iliac screw removal.
In contrast, S2AI screws are placed lateral to the
interval between the S1 and S2 neural foramina,
again aimed at the AIIS.6 Since these iliac screws are
in line with S1 and lumbar pedicle screws, this
technique obviates the need for lateral connectors.3

Furthermore, this technique allows for longer screw
placement, theoretically conferring greater construct
strength while minimizing hardware prominence
and soft tissue disruption.3 However, S2AI screws
are technically arduous and frequently require
extensive radiation exposure to confirm place-
ment.6,7 Additionally, the S2AI screws traverse the
unfused sacroiliac (SI) joint, which may lead to pain
and excess stress on the spinopelvic fixation
elements, ultimately leading to screw breakage,8

which may necessitate revision surgery for hardware
replacement or removal.

We present a novel technique for pelvic fixation
with distal ventral iliac pathway (DVIP) screws,
supported by the presentation of 3 cases demon-
strating the broad utility of this technique. This
technique uses a distal, ventral recess on the PSIS
for screw placement, allowing for in-line connection
to the caudal aspect of the construct, thus obviating
the need for offset connectors. This technique
maximizes fixation strength, minimizes tissue dis-
section, and reduces hardware prominence. Fur-
thermore, DVIP screws are placed under direct
visualization, making it a more approachable
procedure for most spine surgeons and ultimately
reduces intraoperative radiation exposure. Surgical
considerations and advantages are presented, as well
as indications for this procedure.

METHODS

Data Collection

A retrospective review of all DVIP screw cases
performed by the senior author in patients �18
years old from December 2012 to September 2018
was completed. Patients were included in the
analysis if they had at least 12 months of follow
up and if they had complete operative details in
their chart. One hundred twenty-eight cases were
identified from our institution’s electronic medical
record using these criteria. Three representative
cases were chosen for this manuscript to demon-
strate the utility of this technique. All patients were
assessed preoperatively with plains films and spinal
computed tomography or spinal magnetic reso-
nance imaging (MRI). All patients were assessed
postoperatively with plain films. This retrospective
review was declared exempt by the SUNY Upstate
Institutional Review Board, which waived the need
to obtain informed consent.

Operative Technique

Patients were placed in the prone position, and
posterior dissection was carried out in standard
fashion to expose the most cranial level receiving
instrumentation, the sacrum caudally, and distal
ventral aspect of the PSIS bilaterally, being certain
to minimize soft tissue disruption at the fascial
insertions. Neuromonitoring was performed intra-
operatively with somatosensory and transcortical
motor potentials. A rongeur was used to create a
recess in the distal ventral half of the PSIS, taking
care to leave the osseous roof and its fascial
attachments intact. The recess was made deep
enough to allow full coverage of the screw head by
the PSIS roof (Figure 1). Pilot holes were created in
the most distal ventral aspect of the PSIS within the

Figure 1. Sawbones model illustrating right distal ventral iliac pathway (DVIP) recess creation and instrumentation. (A)–(E) Iliac screws are placed in line with S1

pedicle screws, and the vertical construct is completed with a single rod. (F) The DVIP recess is sufficient for placement of multiple iliac screws bilaterally.
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exposed cancellous bed. The 3.2 AO drill bit
trajectory was aimed toward the AIIS in a pathway
traversing the dense bone cranial to the sciatic
notch. Subsequently, the pilot hole was probed to
confirm interosseous position. Iliac screws were then
placed along the DVIP and seated such that the
tulip heads were contained within the recess below
the osseous roof. The most used screw size was 8.5
mm in diameter and 80 mm in length. Cranial-
caudal biased polyaxial screws were used for all
patients in this series. In cases requiring additional
points of fixation, multiple screws were placed using
the same trajectory in a slightly more cranial
position. The remaining construct was completed
in standard fashion with spanning rods and bone
graft in the posterolateral position (Figure 2). SI
joint arthrodesis was performed bilaterally by
osteotomizing the sacral and iliac joint surfaces
and then placing bone graft over the decorticated
beds in most cases. A lumbar drain was placed in
cases involving neural decompression, and fascia
and skin were closed in standard fashion.

Clinical Presentations

Case details are summarized in Table 1.

Degenerative Deformity
Patient A is a 61-year-old female with a known
history of von Willebrand disease and vertebrae-
anal-trachea-esophagus-renal syndrome who pre-
sented with progressive bilateral radicular pain,
parasthesias, and gait disturbances that had wors-
ened over the prior 2 years. Her presentation and
symptoms were consistent with neurogenic claudi-
cation. Imaging revealed degenerative spondylolis-
thesis, sacral dysgenesis, an L3–L5 vertebral
autofusion with kyphotic deformity, anterolisthesis
of L2 and retrolisthesis of S1 on the L3–L5
autofusion, and advanced degenerative changes
with severe central canal stenosis at L2–L3 (Figure
3).

Intraoperatively, desmopressin was administered
to mitigate blood loss. Bilateral pedicle screws were
placed at L1–L3 and L5, followed by bilateral DVIP
screws. No screws were placed in the sacrum due to
frankly visible dysgenesis and absence of pedicles.
Central decompression was achieved via bilateral
laminectomies from L2–S1. Lateral recesses were
decompressed by undercutting the medial aspect of
the superior articular facet and removing hypertro-
phic tissue. Bilateral foraminotomies were per-

Figure 2. Patient presenting with radicular pain was found to have distal junctional failure of L3–5 posterior instrumentation demonstrating kyphotic collapse

postoperatively. Imaging reveals kyphotic collapse associated with vertebral body fracture and fixation failure at L5. Intraoperative photos of lumbosacral deformity

treated with revision L3–L5 fusion and extension to the ilium with distal ventral iliac pathway screws.

Table 1. Selected patient and case demographics.

Patient Age (y) Sex Surgical Indication Estimated Blood Loss (mL) Operative Time (min) Fluoroscopic Time (s) Follow Up (mo)

A 61 F Spinal deformity 1000 288 151.7 28
B 19 M Trauma 750 247 74.7 24
C 62 F Infection 1700 216 86.6 24

Distal Ventral Iliac Pathway for Spinopelvic Fixation
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formed at L5–S1. At the most recent follow up, 29
months postoperatively, there was no evidence of
hardware failure, deformity progression, or pseudo-
arthrosis (Figure 3).

Pelvic Trauma

Patient B is a 19-year-old male involved in a high-
speed motor vehicle collision, resulting in left lateral
compression 3 pelvic ring injury with a left displaced
comminuted zone 2 sacral fracture, right SI joint
dislocation, left segmental superior and inferior ramus
fractures, L1–L5 left transverse process fractures, left
L5 pedicle fracture, and right S1 pedicle fracture,
constituting a form of spinopelvic dissociation.

Given the instability of his sacral fractures, an
initial staged procedure was performed by an
orthopaedic traumatologist, including reduction
and placement of 3 transsacral percutaneous screws.
The second stage was performed 6 days later and
included spinopelvic fixation. The right-sided S1
pedicle and left-sided L5 fractures precluded bilat-
eral pedicle screws at these levels. Therefore, pedicle
screws were placed bilaterally at L4, on the right at
L5, and on the left in S1. DVIP screws were placed
bilaterally into the ilium, and SI joint arthrodesis
was performed at this index procedure. At the most
recent follow up, 24 months postoperatively, there
was no evidence of hardware failure, deformity
progression, or pseudoarthrosis (Figure 4).

Infection
Patient C is a 62-year-old female presented to the
emergency department with progressive onset fe-

vers, axial back pain, and bilateral radiculopathy.
MRI revealed increased T2 and short-tau-inversion-
recovery signal in the L4 and L5 vertebral bodies
consistent with discitis or osteomyelitis. Enhance-
ment was demonstrated throughout the epidural
spaces at L4 and L5, causing central canal stenosis
abutting the L5 nerve roots. After medical manage-
ment with intravenous antibiotics, she had worsen-
ing back and radicular pain and was found to have
increased destruction of the inferior L4 and superior
L5 endplates with pathologic kyphotic collapse,
resulting in severe central canal stenosis.

Intraoperatively, pedicle screws were placed at
L3, L4, and S1, with appropriate screw purchase at
L4 despite the fracture. No screws were placed at L5
due to extensive destruction with collapse. DVIP
screws were placed bilaterally. Bilateral laminecto-
mies and foraminotomies were performed at L3–S1,
along with subtotal facetectomies bilaterally at L4–5
and on the left of L5–S1. All traversing nerve roots
were free from compression at completion. A
transforaminal lumbar interbody fusion was per-
formed in the posterolateral position at L5–S1 using
a titanium cage, given the lytic destruction and
inability to instrument L5. At the most recent follow
up, 24 months postoperatively, there was no
evidence of hardware failure, deformity progression,
or pseudoarthrosis (Figure 5).

Patient Outcomes

One hundred twenty-eight patients with an
average follow-up period of 29.5 months were
identified from our institution’s electronic medical

Figure 3. Preoperative and postoperative imaging of lumbosacral deformity treated with L1-ilium fusion with distal ventral iliac pathway screws. (A) and (B)

Preoperative sagittal and coronal computed tomography scan of patient with vertebrae-anal-trachea-esophagus-renal syndrome and sagittal imbalance demonstrating

autofusion of L3–5 with associated stenosis and listhesis as well as sacral dysgenesis. (C) and (D) Postoperative sagittal and anterior-posterior x-rays at 29 months

follow up demonstrating solid fusion with absence of hardware failure.

Cady-McCrea et al.

International Journal of Spine Surgery, Vol. 15, No. 5 991
 by guest on May 24, 2023http://ijssurgery.com/Downloaded from 

http://ijssurgery.com/


record and deemed eligible for inclusion in this

study. All DVIP screws were placed in the setting of

spinal deformity surgery by the senior author. For

these procedures, mean estimated blood loss,

operative time, and fluoroscopy time were 1959

mL, 386 minutes, and 3.19 minutes, respectively.

Intraoperative complications include 12 incidental

durotomies, which were repaired without negative

sequelae. Three suprafascial infections and 2 com-

pressive hematomas requiring surgical debridement

and drainage were identified in the early postoper-

ative period. Late postoperative complications

included 22 instances of hardware failure (mean ¼
17.9 months to radiographic identification). These

included 12 rod fractures, 4 DVIP set cap dissoci-

ations, 5 proximal screw-rod dissociations, and 1

pedicle screw head fracture. There were no instances

of DVIP screw fracture. Twenty-six patients re-

quired revision surgery (mean ¼ 22.1 months

postoperatively). Revision surgery was required in

11 patients with hardware failures (mean ¼ 13.8

months postoperatively). DVIP screws were re-

moved electively in 9 patients due to sacral pain

and prominence (mean ¼ 26.9 months postopera-

tively). Eight patients with documented lumbosacral

pseudarthrosis underwent revision surgery (mean ¼
26.1 months postoperatively). Two patients who

Figure 5. Preoperative and postoperative imaging demonstrating osteomyelitis or discitis treated with L3-ilium fusion using distal ventral iliac pathway screws.

Preoperative sagittal magnetic resonance imaging demonstrating osteomyelitis or discitis with infectious destruction of L4–5, epidural enhancement, kyphotic collapse,

and central canal stenosis. Preoperative lateral x-ray of the lumbar spine demonstrating pathologic kyphotic collapse. Postoperative anterior-posterior and lateral x-

rays at 24 months follow up demonstrating solid fusion without hardware failure.

Figure 4. Preoperative and postoperative imaging of spinopelvic trauma treated with L4-ilium fusion with distal ventral iliac pathway screws. (A) Three-dimensional

reconstruction of preoperative computed tomography scan demonstrating left lateral compression 3 pelvic ring injury with a left complete displaced comminuted zone 2

sacral fracture, right sacroiliac joint dislocation, left segmental superior and inferior ramus fractures, L1–L5 left transverse process fractures, left L5 pedicle fracture,

and right S1 pedicle fracture, constituting a form of spinopelvic dissociation. (B) and (C) Postoperative sagittal and anterior-posterior x-rays at 24 months follow up

demonstrating stable fusion without hardware failure.
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underwent revision surgery had both lumbosacral
pseudoarthrosis and hardware failure.

DISCUSSION

Given that the lumbosacral junction is a critical
spinal motion segment, it is difficult to immobilize
during spinal fixation surgeries.9 High rates of
pseudarthrosis and associated instrumentation fail-
ures are well documented, particularly at the
sacrum. Spinopelvic fixation, specifically fixation
to the ilium, confers improved resistance against the
powerful cantilever forces that contribute to these
complications, especially in long fusion constructs.9

Extending instrumentation past S1 with fixation
into the pelvis has been shown to minimize
instrumentation failures, reduce pseudoarthrosis
rates, and limit the development of flat-back
deformity, resulting from cases of distal fixation
failure.10–12 Increased stiffness at this junction
appears to maintain long-term surgical correction
in the setting of high grade deformities, making it a
useful tool in treating a myriad of pathologies
including trauma, infection, and spinal deformity,
including sacral fractures, spondylolisthesis, long
segment arthrodeses, and chronic degenerative
pathologies.2,12,13

Numerous methods for pelvic fixation have been
well defined in the literature.5,6 The seminal
Galveston technique uses a contiguous vertical rod
that is bent and inserted directly into the ilium, but
it lacks resistance to axial strain.9,12 This technique
predates the adoption of pedicle and iliac screws and
lacks solid fixation into cortical bone, which
predisposes to pullout from the ilium.12,14 As
surgical techniques evolved, iliac screws improved
upon the Galveston technique by allowing segmen-
tal fixation into the ilium. Specifically, iliac screws
were placed into the high point of the PSIS.15 While
this approach provides deep fixation into the ilium
at the level of the PSIS, it requires offset connectors
to reach the spanning rod and is often complicated
by pain and prominent hardware due to poor tissue
coverage.2,5 By contrast, S2AI screws have a
proposed advantage because they minimize screw
head prominence, based on a more ventral starting
point.5 However, these S2AI screws include techni-
cally demanding trajectories, necessitating increased
fluoroscopy time to confirm safe placement.5

Furthermore, this screw trajectory crosses the
unfused SI joint, placing these screws at elevated
risk for failure in the form of breakage.

The DVIP technique builds upon existing surgical
techniques for spinopelvic fixation. Much like the
S2AI screws, the DVIP screws allow for placement
of a single spanning rod bilaterally, obviating the
need for offset connectors. Unlike the S2AI
technique, the DVIP technique allows for free-hand
placement under direct visualization without the
need for fluoroscopy, potentially reducing radiation
exposure and operative time. The recess allows the
screws to be medialized and placed in line with the
vertical construct, fully obviating the need for a
horizontal offset connector. Ebata et al16 identified
the need for recessed screw placement to ensure
adequate tissue coverage of the iliac screw heads.
The DVIP technique allows for screws to be
recessed into the distal ventral aspect of the PSIS,
which prevents the screw heads from protruding
above the osseous roof and fascial insertions. Our
series demonstrates only 2.3% of patients suffered
wound infections, compared with a reported 25.4%
of patients with TI screws and 2.6% of patients with
S2AI screws in a recent meta-analysis.3 Similarly,
7.0% (9/128) of our patients complained of sacral
screw pain or prominence, compared with 18.1% of
TI patients and 1.8% of S2AI patients, further
highlighting the benefits of reduced screw promi-
nence.3 Furthermore, the broad surface of the
ventral PSIS can facilitate multiple screw placement
per side in the event that additional spinopelvic
fixation is needed, while still allowing a single
spanning rod construct (Figure 1). Each additional
pathway and its associated screw are placed 1 screw
width cranial to the most distal DVIP screw but
remain within the distal ventral confines of the PSIS.

Our case series demonstrates that DVIP screws
provided stable spinopelvic fixation at long-term
follow up, with the absence of DVIP screw fracture
supporting arthrodesis of the SI joint. In total, there
were 12 intraoperative incidental durotomies, 22
instances of hardware failure, and 26 revision
procedures. Thirteen revisions were directly associ-
ated with DVIP screw complications, 4 because of
set cap dissociation, and 9 DVIP screw removals
due to sacral pain and prominence. The durotomies
were associated with decompressive procedures in
both primary and revision settings, unrelated to
DVIP screw placement. Most hardware failures
were due to rod failure, commonly seen in
conjunction with pseudoarthrosis at the lumbosa-
cral junction. Rod failure in lieu of DVIP screw
loosening or breakage indicates sound fixation of
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the DVIP screw at the screw-bone interface. This is
further supported by the absence of DVIP screw
pullout or loosening in our series. This technique is
safe, technically approachable, and broadly appli-
cable to an array of spinopelvic pathologies.

A major limitation of this retrospective study was
that it includes only DVIP patients; therefore, no
statistical analysis can be performed to compare its
clinical efficacy against other spinopelvic fixation
methods. Additional studies by this team of
researchers are underway to further validate this
approach against previously described surgical
techniques, by using both biomechanical cadaveric
studies and patient-reported outcome data. Despite
these limitations, these initial results indicate mul-
tiple benefits of using DVIP screws for spinopelvic
fixation.

CONCLUSIONS

Successful treatment of 128 patients with degen-
erative, traumatic, and infectious lumbosacral pa-
thology demonstrates the safety and efficacy of the
DVIP for spinopelvic fixation. Low rates of soft
tissue complications and hardware prominence
highlight the benefit of recessing screw heads within
the distal ventral PSIS, leaving the overlying fascial
insertions intact. Similarly, our reported rates of
hardware complications and profile of complica-
tions observed support the strength of spinopelvic
fixation using DVIP screws. Taken together, our
series provides a new tool for spinopelvic fixation in
the treatment of a variety of spinal pathologies.
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