





“SIMPLER” Technique for Circumferential Minimally Invasive Surgery for ASD Correction

Figure 6. Placement of pelvic instrumentation. A small fascial opening
is made medial to the posterior superior iliac spine (PSIS). A small cuff of
fascia tissue is left attached to the PSIS for lateral repair. The screw head
is left prominent and visible above the fascia. Later, a screw extender tower
can be attached before the screw is driven below the fascia. Inset radiograph
demonstrates the “subcrestal” iliac screw trajectories that allow the screw
head to eventually be driven below the fascia.

contouring is performed. The rod is passed under the
fascia (Figure 7b) from proximal to distal. Fascial inci-
sions may be connected as necessary for rod passage.
Alternatively, a precontoured 5.5 mm titanium rod can
be commissioned, and this can be used similarly.

Simultaneous Rod Reduction and Deformity
Correction Through Ligamentotaxis

Rod reduction during the SIMPLER technique will
achieve 3 goals simultaneously: lordosis creation,
spinal translation, and spinal derotation. Rod reduction
begins at the apex of lordosis. This differs from other
techniques that reduce the rod from proximal to distal
or vice versa. The pedicle screw extenders feature ded-
icated, graduated, sequential reducers with a window
that displays a numeric value corresponding to the
distance the rod must travel before it is fully seated
(Figure 8). This ability to see the distance of the rod
from being seated into the screw tulip is critical with
MIS techniques as rod seating is not able to be visual-
ized. This reduction technique relies on the spine being
reduced to the rod.

Figure 7. Passing the rod. (a) With instrumentation completed, an overcontoured rod is harmoniously bent, ensuring there are no sharp angular bends that notch
the rod. (b) The rod is slid under the fascia into all the screw extenders. The midline muscle-sparing incision makes this aspect of minimally invasive surgery much

easier than percutaneous techniques.
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Figure 8. Reduction to the apex of lordosis. Starting at the apex of lordosis, a rod reducer is inserted into the screw extender. This reduction tower has numerical
readouts that are displayed in a window on the side of the extender. These numeric values correspond to the distance needed for complete rod reduction into the
screw head. Once the rod reduction tower is inserted into the extender, it is advanced until resistance is encountered. The display window should read 8 mm or
less. If a greater value is observed, remove the rod and bend more lordosis into the rod.

A rod reducer is inserted down the pedicle screw
extender at the apex of lordosis. An important pearl
to remember is that the surgeon should not encoun-
ter resistance until the rod is 8 mm from being fully
reduced (Figure 8). A rod that is under-countered pres-
ents several risks for this specific deformity correction
technique: mainly, screw pullout and failure to achieve
lordosis (ie, flatback). If the surgeon encounters resis-
tance from the rod being under-countered (ie, encoun-
tering resistance with a numeric value >8 mm), remove
the rod and bend more lordosis (Figure 8).

Once the rod has been appropriately contoured and
is within 8 mm of being fully seated at the apex of lor-
dosis, adjacent rod reducers are utilized. The goal is
gradual, sequential rod reduction with the assistance of
adjacent screw towers until the rod is fully seated into
the apex of lordosis.

To demonstrate this reduction, consider the
example in Figure 9. A numerical value of 8 mm is
displayed in the reduction window at L4 (apex of lor-
dosis), and resistance is encountered. While placing
rod reducers at L3 and L5, the surgeon will encoun-
ter resistance earlier, and the display window will
reveal higher values than the apex of lordosis (>8
mm). With the tower windows of L3 and L5 reading
12 mm, the surgeon can advance L3 and LS5 through
that resistance to reach a numerical value of 8§ mm.
The surgeon can then return to the apex of lordosis
(L4) and further reduce the rod with less resistance

than previously encountered. In this example, a
numerical value of 4 mm at the L4 rod reduction
window is displayed. The surgeon switches back to
the adjacent rod reduction towers (L3 and L5) and
advances them to 4 mm. This again lessens the forces
required at the apex screw tower (L4). When the
surgeon returns to the apex of lordosis (L4), it can
now be advanced to the fully reduced (RD) position
with minimal resistance. This sequence reduces the
rod into the apex (deepest location) without exces-
sive forces acting solely on that apex screw.

A commonly observed error is reducing levels other
than the apex of lordosis prior to reducing the apex first
(Figure 10). In this example, the L3 and L5 reduction
towers were fully reduced before L4 (apex). The rod is
flexible, but it cannot undergo an acute angular defor-
mation between 2 adjacent screws. In this incorrect sce-
nario, reducing the rod at L4 after the adjacent screw
towers were fully reduced yields only 1 outcome: screw
pullout. This is why it is crucial to reduce to the apex of
lordosis first.

With the apex of lordosis fully reduced, the surgeon
can now work outward from this position to serially
reduce the rod. In a similar fashion, adjacent rod reduc-
tion towers equally distribute forces across the rod to
minimize the risk of screw pullout. Once the rod is
fully reduced within a screw tulip, the endcaps can be
final-tightened, and the extender/reduction tower can be
removed. This will allow the adjacent towers to “relax”
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Figure 9. Serial rod reduction to the apex of lordosis. This diagram demonstrates equal force distribution across multiple screw reduction towers. The goal is
for reduction to the apex of lordosis first. With an initial display of 8 mm at the apex of lordosis, adjacent towers will likely read slightly higher in an appropriately
overcontoured rod. By reducing the adjacent screw towers, this will lessen the forces on the rod at the apex of lordosis. Once the adjacent screw towers are
reduced to 8 mm, the surgeon can reduce the apex to 4 mm. Switching back to the adjacent towers, the surgeon reduces L3 and L5 down to 4 mm. The apex
should now easily reduce (RD). Once the apex of lordosis is reduced, the adjacent towers can be reduced as well. Reduction of the adjacent levels after the apex

will hopefully impart a force onto the spine and create lordosis.

into a more lordotic position along the rod, allowing for
further rod reduction and creation of lordosis.

An appropriately contoured rod will fully reduce into
the UIV screw head prior to applying any rod reduction
forces (Figure 11). This minimizes pullout forces at the
ULV, reducing the risk for proximal junctional kypho-
sis (PJK) or proximal junctional failure. The rod should
also reduce into the pelvic screws with minimal effort
(Figure 12).

The rod is held firmly in the coronal plane during
reduction. Serial rod reduction imparts significant trans-
lational and rotatory forces onto the spine (Figure 13).
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This will result in the spine reducing to the rod. It is
this interaction that will produce spinal deformity cor-
rection, which we have termed “ligamentotaxis-enabled
reduction.” The spinal deformity is not corrected
through osteotomies, but through sequential anterior
releases with disc height restoration in combination
with this posterior rod reduction, culminating in spinal
translation and derotation (Figure 14).

The senior author does not perform differential rod
contouring® or linked/en-bloc segmental derotation®
to achieve deformity correction. These maneuvers may
be suitable for adolescent idiopathic scoliosis curves but
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Figure 10. Incorrect rod reduction sequence. The above-noted diagram demonstrates the improper technique for the reduction of the rod. When the adjacent
screw towers around the apex of lordosis are fully reduced (RD) before the apex, this creates a scenario that will only result in screw pullout. The 5.5 mm titanium
alloy rod has some flexibility but will not accommodate an acute deformation into the screw head with the adjacent levels fully reduced. Surgeons should take care

to reduce to the apex of lordosis first.

are not required for ASD correction with the SIMPLER
technique.

Achieving Fusion in SIMPLER Deformity
Correction

In a T10 to pelvis construct with anterior interbody
fusion from L1 to S1, a posterolateral fusion proce-
dure must be performed from T10 to L1. To achieve

this, the paraspinal fascial incisions used for T10 to L1
instrumentation are connected and dissected to expose
the pars interarticularis, lateral laminae, and facet
joints (Figure 15). The SIMPLER technique focuses
the fusion procedure medial to the instrumentation,
spanning from the pars interarticularis of 1 segment,
through the facet joint, into the subjacent level pars
interarticularis (Figure 15). This differs from other

Figure 11. Serial rod reduction toward the upper instrumented vertebra (UIV). Reducing the rod toward the UIV will eventually force the rod into the screw heads
with very little effort. In an appropriately overcontoured rod, rod reducers inserted near the UIV should require almost no reduction.
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Figure 12. Rod reduction into the pelvic screw head: With a modified iliac screw trajectory, polyaxial screw head can still rotate to accommodate variation in rod
position. (a) Pictured is the iliac fixation driven under the fascia with an attached screw extender. The rod has not yet been fully reduced. The rod was aggressively
overcontoured to ensure that the apex of lordosis is within 8 mm, but this results in a prominent rod tip. Further reduction will eventually drive this rod below the
fascial level (b) With serial reduction around the apex of lordosis, the iliac screw tower is visualized by itself with an intact midline supraspinous ligament. (c) With
the reduction of adjacent screws and eventually the iliac screw, the rod disappears under the fascia to prevent prominence and ensure that a full fascia closure is
achievable. The dotted lines represent cuffs to fascia tissue that can be closed later.

described fusion techniques lateral to the instrumen-
tation.

A high-speed burr is used to decorticate the exposed
bone. Off-label rhBMP2 sponges are then placed onto
the prepared bony surfaces. Off-label thBMP2 dosage
of approximately 1 mg per “pars-facet-pars” complex
is utilized.” Allograft demineralized bone matrix is

additionally placed over the thBMP2 sponges. Finally,
the muscle is allowed to return to its native position,
overlying the completed fusion. This will result in a
flowing “pars-facet-pars” fusion (Figure 15 inset). This
technique minimizes muscular dissection and maxi-
mizes fusion within vascularized bony surfaces.

=

Figure 13. Spinal translation during rod reduction. With the rod held in fixed coronal position, the dedicated rod reduction towers can impart significant forces on
the residual spinal deformity. Additionally, distributing the forces across multiple adjacent screw towers helps prevent screw pullout during this process.
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Figure 14. Spinal derotation during rod reduction. Throughout the reduction process, forces are being applied in multiple planes. Derotation can occur with
pressure applied to the reduction towers. It should be noted that linked segmental derotation is not performed in this technique.

MMS Closure

The fascia is closed bilaterally with a running,
barbed suture (Figure 16a-b). To reattach the lipocu-
taneous flaps, interrupted sutures are placed to anchor
the flaps to the supraspinous ligament in the midline.
A suture traverses the deep dermal layer, through the
supraspinous ligament and through the contralateral
deep dermal layer (Figure 16c¢). Sutures placed in this
manner eliminate dead space above the fascia while
simultaneously reattaching the lipocutaneous flaps to

~ Distal

Proximal

the midline. Deep and suprafascial drains are not nec-
essary. Subcutaneous tissues are reapproximated with
running monofilament sutures

Case Example

Figure 17 demonstrates a 62-year-old man with ASD.
There is a 53° coronal Cobb for the lumbar structural
curve (L1-L4), pelvic incidence of 42°, lumbar lordosis
of 4°, mismatch of 38°, pelvic tilt of 31°, and C7-SVA
of 11.5 cm. There are multiple levels of vacuum disc

Figure 15. Fusion technique: the segments of spinal instrumentation that do not contain anterior interbody fusion grafts must still undergo a formal fusion
procedure. (a) With spinal instrumentation and rod reduction fully completed, the areas in yellow boxes require a formal posterior fusion. The fascial openings from
the spinal instrumentation are connected. (b) The paraspinal interval is dissected to expose the pars interarticularis, facet joints, and the lateral laminae of the levels
to be fused. (c) The fusion bed containing decorticated bone surfaces medial to the instrumentation, packed with bone-morphogenic protein 2 and allograft. Note
that the midline is intact without detachment of muscular origins or insertions. Radiographic insert demonstrates a healed fusion with this type of technique. Note

the flowing bone along the pars-facet-pars complex.
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Figure 16. Closure of midline muscle sparing approach. (a) Running barbed sutures are performed bilaterally to completely close the fascial openings. (b) Bilateral
fascia has been closed in a watertight fashion. Note that the midline has not been violated. There is no need for a deep drain. (c) The lipocutaneous flaps are
reattached to the midline with a suturing technique that contains bilateral deep dermal layers and the midline ligamentous complex of the spine. The suture is
thrown superficial-to-deep in the deep dermal layer, then through the ligamentous midline spine, and then deep-to-superficial through the contralateral deep dermal
layer. The outlined circles demonstrate the appropriate layers for this stitch. This is repeated until the lipocutaneous flaps are completely reattached, and dead-

space has been eliminated. Suprafascial drains are not necessary.

(L1-S1) with severe facet and intradiscal spondylosis
but no ankylosis. The most proximal neutrally rotated
vertebral body with a normal disc above it is T12. The
MRI demonstrates a normal bifurcation at the L5 verte-
bral body level.

An ALIF will be performed at L5-S1 followed by
sequential lateral interbody fusion cages up to the L1
level. Posteriorly, the construct will extend from T12 to
pelvis. A formal fusion will be performed posteriorly
at T12 to L1. The correction will be done without an
osteotomy.

Figure 18 demonstrate the postoperative radiographs
of the SIMPLER correction. Coronal Cobb reduced
to 22°, lumbar lordosis increased to 45° (mismatch
of +3°), pelvic tilt reduced to 14°, and C7-SVA reduced
to 1.5 cm. There was improvement in thoracic hypoky-
phosis, representing a reciprocal compensatory change
within the uninstrumented thoracic spine.

DISCUSSION

Staging ASD corrective surgery is intended to lessen
the physiologic demand on patients while achieving
correction. Despite this intended strategy, there have
been mixed findings within the literature. Albayar et
al found staging was associated with increased length
of stay, pulmonary embolism, and admission costs.”’
However, Than et al demonstrated that cMIS-staged
surgery appeared safer than staged hybrid surgery.”®
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Furthermore, Passias et al found that staged procedures
were associated with improved radiographic parame-
ters, reduced intensive care unit admissions, and better
patient-reported outcomes compared with single-stage
procedures.”’ They also found that a 3-day interval
between stages was ideal. Additionally, staged cMIS
ASD correction may have the added benefit of reduc-
ing the need for direct decompression or longer con-
structs.”

Numerous authors have attempted midline sparing
dissections for thoracolumbar spinal instrumenta-
tion®"® with the intent of improved instrumentation
angulation,” preservation of subdermal skin vascular
supply*” and midline tissue, and prevention of PJK.*
Open deformity surgeons have also adopted the hybrid
open muscle-sparing posterior approach. This is a
midline incision with a standard subperiosteal dissec-
tion in the lumbosacral spine, with the exception at the
most proximal levels (UIV, UIV-1, and UIV—2).33 The
dissection is stopped at the thoracodorsal fascia and
extended laterally to expose the paraspinal musculature.
Instrumentation and fusion are performed through the
paraspinal interval. The MMS approach described in
this publication is the proximal dissection of the hybrid
open muscle-sparing approach but performed through-
out the entire construct.

Muscular damage/detachment is minimized with
the MMS compared with a midline subperiosteal
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Figure 17. Case example using Segmental Interbody, Muscle-Preserving, Ligamentotaxis-Enabled Reduction protocol: preoperative radiographs of a 62-year-old
man with adult spinal deformity. Spinopelvic parameters include 53° coronal Cobb angle for the thoracolumbar structural curve (L1-L4), pelvic incidence of 42°,
lumbar lordosis of 4°, mismatch of 38°, pelvic tilt of 31°, and C7 SVA of 11.5 cm. Computed tomography images also demonstrate severe facet and intradiscal
spondylosis without ankylosis. The spinal magnetic resonance imaging demonstrates significant rotational deformity but also shows the various anterior interbody

corridors (white arrows) based on the patient’s vascular anatomy.

dissection,33 and the angulation for instrumentation
ensures maximal screw triangulation and purchase.”
The MMS approach reduces the difficulty associ-
ated with percutaneous, subfascial, long-construct
rod passage, as the entire fascia is visualized during
the process. Additionally, iliac fixation performed
through the MMS does not require offset connectors
which are often required due to the narrowed lumbo-
sacral screw angulation typically seen in open poste-
rior approaches.*"** Lastly, an adequate posterolateral
fusion with fascial closure can be achieved with the
MMS approach.

Various spinopelvic measurements and alignment
parameters are described in the literature43’44; however,
there appears to be little success in reducing mechan-
ical complications.* Continual advancements shape
our understanding regarding the “ideal” spinal align-
ment target, but we believe that ligamentotaxis-based
spinal realignment surgery represents patient-specific
correction. Natural tension of the spinal ligamentous
structures ensures proper spinal balance without over-
correction. This ligamentotaxis effect can be seen in
other publications as well. Harimaya et al found that
some patients experience dramatic increases in lordosis

International Journal of Spine Surgery, Vol. 00, No. 0 15



“SIMPLER” Technique for Circumferential Minimally Invasive Surgery for ASD Correction

Figure 18. Postoperative case example using Segmental Interbody, Muscle-
Preserving, Ligamentotaxis-Enabled Reduction: Planned T12-pelvic resulted
in significant correction without the use of an osteotomy. Coronal Cobb angle
reduced to 22°, lumbar lordosis increased to 45° (mismatch of +3°), pelvic tilt
reduced to 14°, and C7 SVA reduced to 1.5 cm. Note the improved thoracic
kyphosis within the uninstrumented thoracic spine. This represents a reciprocal
compensatory change due to improved lumbar alignment.

from prone positioning alone.* Interestingly, these
same authors noted 2 distinct groups: hypolordotic
patients who gained substantial lordosis from position-
ing and hyperlordotic patients who did not gain lordo-
sis from positioning. This finding may be observational
evidence of ligamentotaxis-based spinal alignment.

This patient-specific correction may be responsible
for the marked reduction in mechanical failure and cat-
astrophic complications observed within cMIS correc-
tion patients. Anand et al noted rates of PJK of 11.4%,
proximal junctional failure of 5.4%, and a hardware
failure of 2.2%.57 We recognize that these results
could be attributable to anterior column load sharing,
maximal bony integrity (lack of destabilizing osteoto-
mies), soft tissue envelope preservation, osteoporosis
treatment with parathyroid hormone analogs, staging,
and minimal rod notching. More research is needed to
fully validate these results.

Lastly, a discussion about instrumentation is neces-
sary as trends in spinal instrumentation have changed
substantially over the years.* Contemporary “mini-
mally invasive” spinal systems have all become very
similar: a pedicle screw with long extended “tabs” that
protrude above the level of the fascia/skin. These sleek
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designs may be well suited for degenerative practice but
are lackluster when attempting to impart significant cor-
rective forces. Manufacturers may attempt overcoming
this with the advent of precontoured, deformity-specific
rods,* but without a dedicated, graduated, sequential,
rod-reduction system that can be attached prior to screw
insertion, the effort may be in vain. Furthermore, a
larger slot in the tower would allow for easier subfascial
passage of the rod, especially in a patient with signifi-
cant rotatory scoliosis.

Several limitations exist with regard to the SIMPLER
technique. This technique relies on a non-ankylosed
spine. Additionally, patients with contraindications to
anterior spinal access would not be suitable. Failure
to achieve correction or failure of indirect decompres-
sion may necessitate posterior releases to achieve ade-
quate correction and decompression. The SIMPLER
technique is not the panacea for ASD correction. This
technique represents an alternative way of achieving
correction with minimally invasive surgery, and more
research is necessary to evaluate its role in ASD.

CONCLUSION

This represents one of the first publications to
produce a step-by-step cMIS ASD correction technique
guide. Through this pictorial, stepwise description, we
demonstrate that the SIMPLER approach to ASD cor-
rection is reproducible, minimally invasive, and can
be done routinely for appropriately selected deformity
candidates. This technique serves as a foundation to
externally validate previously described cMIS ASD
deformity correction outcomes.
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