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BACKGROUND Ehlers-Danlos syndrome (EDS) and its connective tissue laxity often result in high-grade lumbosacral spondylolisthesis. Patients
present with debilitating symptoms and neurological deficits. Reports of surgical techniques in non-EDS patients for the treatment of high-grade
lumbosacral spondylolisthesis mainly described an open approach, multilevel fusions, and multiple stages with different circumferential approaches.
Sagittal adjusting screws (SASs) can be used in a minimally invasive (MI) fashion, allowing intraoperative reduction.

OBSERVATIONS A 17-year-old female with EDS presented to the authors’ institute with severe lower back and left L5 radicular pain in 2017. She
presented with a left foot drop and difficulty ambulating. Magnetic resonance imaging showed grade IV L5–S1 spondylolisthesis. She underwent
lumbar fusion for intractable back pain with radiculopathy. Intraoperatively, percutaneous SASs and extension towers were used to distract the L5–S1
disc space and reduce the spondylolisthesis. MI transforaminal lumbar interbody fusion was completed with significant symptomatic relief
postoperatively. The patient was discharged to home 3 days postoperatively. Routine follow-up visits up to 3 years later demonstrated solid fusion
radiographically and favorable patient-reported outcomes.

LESSONS The authors used SASs in a MI approach to successfully correct and stabilize grade IV spondylolisthesis in an EDS patient with a favorable
long-term patient-reported outcome.
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Ehlers-Danlos syndrome (EDS) is an inherited connective tissue dis-
order due to collagen malformation. Patients diagnosed with EDS experi-
ence joint laxity that often leads to bony dislocations and musculoskeletal
injuries.1 As a result, patients diagnosed with EDS often develop spinal
scoliotic deformities and high-grade spondylolisthesis. While the surgical
management of appendicular skeletal manifestations of patients with
EDS is well described, there is a lack of literature that describes the surgi-
cal management of high-grade spondylolisthesis in patients with EDS. A
PubMed search performed on March 18, 2021, regarding surgical treat-
ment of spondylolisthesis in EDS revealed 2 case reports. Our search
syntax is listed in the Appendix.

High-grade lumbosacral spondylolisthesis can be a challenging
surgical pathology. Patients often present with debilitating symptoms

along with neurological deficits.2,3 With the joint laxity associated
with EDS, there can be a dynamic exacerbation of the spondylolis-
thesis grade.4 To date, surgical techniques to treat high-grade spon-
dylolisthesis in EDS patients have rarely been described.4 Previous
studies involving patients without EDS described different surgical
procedures. The majority were open approach multilevel fusions
using multiple stages with different circumferential approaches.5,6

Besides, these techniques only achieved stabilization fusion without
spondylolisthesis correction. In some of these fusions, instrumenta-
tion was not used.7,8

The minimally invasive (MI) sagittal adjusting screw (SAS) system
was first introduced in 2013 by Medtronic to correct spinal deformity
secondary to fractures.9 We believe the correction mechanisms of the
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SAS system will be similarly helpful in this patient. In this study, we
sought to demonstrate that it is possible to reduce and stabilize grade
IV spondylolisthesis in a patient with EDS through a 1-stage, single-
level, MI transforaminal lumbar interbody fusion (TLIF) using the SAS
system with a favorable long-term outcome. This case report was writ-
ten following the CARE case report guidelines.

Illustrative Case
Patient Information

The patient was a 17-year-old female with a history of EDS. She
was a highly active teenager and an accomplished gymnast. She
had first experienced low back pain and bilateral L5 radicular pain
in 2015. Her symptoms had significantly limited her physical activity.
No other history was contributory.

Clinical Findings
The patient first presented in 2017 with bilateral lower extremity

radicular pain after 1 year of failed physical therapy. Her preoperative
12-item Short Form Health Survey (SF-12) physical component score
(PCS) was 32.1, and her Oswestry Disability Index (ODI) was 54. On
examination, the patient had a left foot drop. Her ambulation was sig-
nificantly limited. She did not have any other neurological deficits.

Diagnostic Assessment
The patient’s lumbar computed tomography (CT) and magnetic reso-

nance imaging (MRI) revealed a grade IV L5 on S1 anterolisthesis sec-
ondary to a bilateral pars defects, causing severe central and bilateral
foraminal stenosis (Fig. 1). The prognosis for high-grade spondylolisthe-
sis is widely debated and ranges from full asymptomatic recovery to pro-
gressive neurological deficits with appropriate therapy.10 We offered her
L5–S1 decompression and instrumentation fusion with an SAS system to
address her spinal instability and deformity.

Therapeutic Intervention
The SAS is a monoaxial screw with a fixed head. Unlike typical mono-

axial screws, the SAS head contains a sliding saddle that is concave and
accommodates the lordosis of the rod in the sagittal plane once inserted.
Together with the compressor/distractor and fracture reducer devices that
attach to the SASs’ percutaneous extension towers, distraction force and
lordosis can be applied at the instrumented levels and at both the kyphotic
and lordotic curves of the spine to correct spondylolisthesis.

Surgical Technique
The patient was placed in a prone position on a Jackson table.

Before positioning, electromyography (EMG) was performed to moni-
tor the L5 nerve root. Intraoperative fluoroscopy was used to assess
the patient’s spinal deformity after her positioning, and we noted her
grade IV spondylolisthesis had progressed to a grade V deformity.

We placed 4 Kirschner wires into the pedicles of L5 and S1 using ante-
roposteriorly and laterally positioned C-arms and then placed percutaneous
SASs and their corresponding screw extender towers into the right-sided
pedicles of L5 and S1. We achieved a bicortical purchase. The distractor/
compressor device was then attached to connect at the base of the L5 and
S1 screw extender towers. The fracture reducer device was subsequently
placed at the top of the screw extender devices. The final SAS system with
distractor/compressor and fracture reducer device assembly is shown in
Fig. 2. The distractor/compressor device applied a perpendicular force at
the base of the screw extenders to distract the L5–S1 disc space under
continuous fluoroscopy. Once adequate distraction was achieved, we used
the fracture reducer device to induce lordosis at the instrumented levels
(Fig. 3A). This part of the procedure was carried out under continuous fluo-
roscopy. We then percutaneously placed a temporary hyperlordotic rod
through the tulip heads of the right-sided SAS. The temporary rod’s length
was oversized to increase the force used to reduce the patient’s

FIG. 1. Preoperative MRI of the lumbar spine without contrast. Grade
IV spondylolisthesis is noted at L5–S1, leading to severe central
stenosis.

FIG. 2. SAS system with distractor/compressor and fracture reducer
devices. Fracture reducer (black arrow) induces lordosis while the dis-
tractor/compressor (red arrow) distracts the disc space at the instru-
mented L5 and S1 vertebrae. These devices attach to the screw
extension towers (blue arrows) attached to the right-sided pedicle
screws at L5 and S1. The rod is inserted percutaneously using the rod
holder (pink arrow). The inset picture shows the saddle mechanism of
the SAS screw and explanatory text.
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spondylolisthesis. The sliding saddle at the head of the SASs accommo-
dated the temporary rod’s extreme lordosis. We then used a locking nut to
secure the base of the rod at the S1 tulip head. We left the distal end of the
rod proud above the right L5 tulip head to reduce the spondylolisthesis at
L5–S1. While keeping the rod proud at L5, we slowly introduced a locking
nut to secure the temporary rod to the L5 tulip head. The tightening of the
locking cap onto the rod slowly pulled the L5 vertebra back into alignment
with S1. We could pull the L5 vertebra back onto the S1 vertebra and
reduce the patient’s condition to grade I spondylolisthesis (Fig. 3B). We per-
formed the preceding steps under continuous fluoroscopy with EMG to
avoid injuring the exiting L5 nerve root. We could have further reduced the
spondylolisthesis; however, we began to observe EMG changes consistent
with L5 nerve root compression, which caused us to stop further reduction.

We tightened the L5 locking nut until we secured the temporary
rod into the right L5 and S1 SAS tulip heads. The temporary rod

was used to maintain disc space distraction, lordotic angle, and
reduction at L5–S1 to perform the interbody fusion.

A MI TLIF using a tubular retraction system was then performed
from the left side. A polyetheretherketone (PEEK) interbody cage
was used. Recombinant human bone morphogenetic protein 2 was
placed inside the cage along with autograft. Cancellous allograft
was inserted into the interbody space surrounding the PEEK inter-
body cage. After decompression and cage implantation, we inserted
multiaxial screws at the left L5 and S1 vertebrae. We then percuta-
neously placed a lordotic rod and fastened it to the left-sided L5
and S1 screws, completing our left-sided construct. Subsequently,
we removed the right-sided temporary rod. An appropriately sized
lordotic rod was inserted and secured with locking caps to the right-
sided L5 and S1 SASs. We concluded the surgery after 146
minutes with 200 mL of estimated blood loss.

Follow-Up and Outcomes
The patient’s radicular pain improved immediately postopera-

tively. She was ambulating on postoperative day 1. Her pain and
ambulation improved throughout her 3 days of hospital stay. She
did not require any further physical therapy upon discharge.

We conducted clinical and radiographic follow-up of the patient (Fig. 4).
At 6 months and 1 year, her foot drop had resolved; her SF-12 PCSs at
those visits were 30.6 and 46.9, respectively; and her ODI values were 2
and 0, respectively. One year postoperatively, the patient began to com-
plain of palpable hardware and requested hardware removal. Two-year
postoperative lumbar MRI and 3-year postoperative lumbar CT (Fig. 5)
demonstrated grade I spondylolisthesis with solid bony interbody fusion.

Discussion
Observations

EDS is a rare hereditary condition affecting connective tissues
leading to hypermobility of the joints, hyperextensibility of the skin,
poor healing, and bruising. The spinal conditions include ligamentous
laxity, dislocated joints, scoliosis, and high-grade spondylolisthesis.11

FIG. 3. A: Intraoperative fluoroscopy with right-sided SASs before
applying distraction and lordosis. First, distraction is applied at the
disc space (1; red arrows indicate distraction force applied at the L5
and S1 vertebral bodies), and then a force perpendicular to the screw
extender towers is applied to induce lordosis (2; red arrows indicate
force applied perpendicular to the screw extenders that induces lordo-
sis at L5–S1). B: Intraoperative fluoroscopy after distracting and
applying lordosis while using the rod to reduce the spondylolisthesis.
Red arrow indicates the force vector introduced by the surgeon on the
L5 pedicle screw and rod to reduce the spondylolisthesis of L5 on S1.

FIG. 4. Historical and current clinical information organized in a timeline.
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High-grade lumbosacral spondylolisthesis is associated with debilitat-
ing symptoms along with neurological deficits.2,3 Surgical treatment of
this condition in EDS patients has been rarely reported.

In non-EDS patients, addressing high-grade spondylolisthesis
has often involved a 2-stage anterior and posterior approach, and
an open posterior approach has also been reported.12–14 Open sur-
gical techniques were associated with significant morbidities.15–17

Compared with open spinal fusion surgery, MI spinal surgery is
associated with less tissue injury, less blood loss, and shorter hos-
pital stay, whereas the benefits regarding complications and func-
tional outcomes remain inconclusive.15–17 Shedid et al. described a
MI procedure using TLIF at L4–5 and a transsacral rod to fuse and
stabilize the high-grade lumbosacral spondylolisthesis without
achieving spondylolisthesis correction.8 The SAS system, a fifth-
generation MI spinal fusion system introduced in 2013, includes
fixed-head saddle pedicle screws, a compressor/distractor, and frac-
ture reducer devices, which allows surgeons to position the SAS in
the natural kyphotic and lordotic curves of the spine in the correc-
tion of complex spinal pathologies. In this case report, we demon-
strated the SAS system’s use to distract, apply lordosis, and reduce
spondylolisthesis grade in an EDS patient with high-grade lumbosa-
cral spondylolisthesis through a 1-stage, MI, single-level TLIF with a
favorable long-term patient-reported outcome.

Although the patient’s joint laxity and hypermobility associated
with her EDS may have been the cause of her high-grade spondy-
lolisthesis, her spondylolisthesis reduction was aided by the joint
laxity at the intervertebral disc and bilateral facet joints, a condition
not generalizable to the general population. We were also able to
use SASs unilaterally instead of bilaterally to distract, apply lordosis,
and reduce the L5–S1 segment due to the patient’s normal bone
density and lack of degenerative changes. When generalized to a

different patient population, such as patients with osteoporosis or
increased body mass index, the significant force vector applied to
unilateral SASs to correct the spondylolisthesis risks pulling out of
the SASs in patients with weaker bone structure, and correction
with bilateral SASs may be necessary. With bilateral SASs, the
force vectors were distributed over an increased number of screws,
preventing pullout risk.

Lessons
With this case report, we have demonstrated use of the SAS

system in an EDS patient with a posterior approach and a 1-stage,
single-level, MI surgical technique as an alternative to the more
invasive and extensive surgical techniques to reduce high-grade
lumbosacral spondylolisthesis. We achieved solid fusion with a
favorable long-term patient-reported outcome. However, the use of
this technique in non-EDS patients must be further investigated.

Appendix
The following search syntax were used for our PubMed search

conducted on 2021-3-18:
((spinal instability) AND ((Ehlers-Danlos Syndrome OR Ehlers

Danlos Syndrome)))
(spondylolisthesis) AND (Ehlers Danlos Syndrome OR Ehlers-

Danlos Syndrome OR EDS)
(spondylolisthesis) AND (Ehlers Danlos Syndrome OR Ehlers-

Danlos Syndrome)
(spondylolisthesis) AND (Ehlers Danlos Syndrome)
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