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Lumbosacral Fixation Using the Diagonal S2
Screw for Long Fusion in Degenerative Lumbar
Deformity: Technical Note Involving 13 Cases

Ye-Soo Park, MD, Hong-Sik Kim, MD, Seung-Wook Baek, MD, Sang-Hyun Lee, MD

Department of Orthopaedic Surgery, Hanyang University Guri Hospital, Hanyang University College of Medicine, Guri, Korea

Placing instrumentation into the ilium has been shown to increase the biomechanical stability and the fusion rates, but it has some
disadvantages. The diagonal S2 screw technique is an attractive surgical procedure for degenerative lumbar deformity. Between
2008 and 2010, we carried out long fusion across the lumbosacral junction in 13 patients with a degenerative lumbar deformity
using the diagonal S2 screws. In 12 of these 13 patients, the lumbosacral fusion was graded as solid fusion with obvious bridging
bone (92%). One patient had a rod dislodge at one S2 screw and breakage of one S1 screw and underwent revision nine months
postoperatively. So, we present alternative method of lumbopelvic fixation for long fusion in degenerative lumbar deformity using

diagonal S2 screw instead of iliac screw.
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Placing instrumentation into the ilium or sacrum as an
adjunct to S1 pedicle screws has been shown to increase
the biomechanical stability of lumbosacral constructs, and
high fusion rates have been reported.l’2> However, iliac
fixation can require separate fascial or skin incisions or
the use of offset connectors.™ We report an alternative
method of lumbopelvic fixation to address some of these
drawbacks called the diagonal S2 screw technique.

TECHNIQUE

Imaging

The ability to place a diagonal S2 screw requires a thor-
ough understanding of each individual patient’s anatomy.
Standing anteroposterior and lateral lumbar radiographs
and an anteroposterior pelvic radiograph should be ob-
tained. The overall alignment of the spine and pelvis in
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both the coronal and sagittal plane should be evaluated
carefully. Preoperative computerized tomography (CT)
should be performed to evaluate for absent or small
pedicles and congenital and other bony abnormalities. De-
pending on the experience, skill, and comfort of the oper-
ating surgeon, intraoperative fluoroscopy is recommended
but not required.

Diagonal S2 screw fixation technique

The affected area is first exposed through the posterior
midline approach followed by lateral dissection as far as
the transverse process. The lower medial edge of the S1
dorsal foramen and the upper medial edge of the S2 dorsal
foramen was carefully exposed (Fig. 1). The entry point
is on the junction of the midlines of the foramen and the
bone arch between them. After choosing the entry point,
marking the entry point with a small sharp owl. And con-
firm the trajectory to the anterior cortex with a straight
probe.

The probe was angled laterally 30 to 35 degrees,
and tilted cephalad 15 to 20 degrees (Fig. 2). The probe
was passed through three-dimensional line to percuss the
anterior cortex. On touching the cortex, the depth was
measured, then 10 mm was added to the cortical thickness
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itself. The probe was inserted along the cortex with a mal-
let. It's important that maintain the probe exact trajectory
to the anterior cortex hole. The probe was reinserted along
the anterior cortex to assure the exact trajectory of the S2
6.0-mm-diameter screw. An attempt was then made to
place the screw with the tip contacting the triangular area
of cortical bone at the anterior, inferior, and lateral bound-
aries of the sacral ala without penetrating through these
boundaries. Lateral penetration of the screw will violate
the sacroiliac joint, which could result in painful arthropa-

Fig. 1. Entry point of the S2 alar screw (arrow) and the midpoint of the
line from the medial margin of the S1 dorsal foramen and the medial
margin of the S2 dorsal foramen.

thy. Significant anterior penetration in this area can result
in impingement of the L5 nerve root, which runs anterior
to the sacrum in this area.

A portable lateral radiograph was used to confirm
the exact angle in the sagittal plane. Owing to the curve of
the pelvic iliopectineal line, the screw tip projected 10 to
20 mm in front of the S1 anterior cortex on the lateral ra-
diograph. Subsequently, a 6.0-mm-diameter, 50-mm-long
variable angle screw was inserted. Posterolateral fusion
was accomplished using autogenous iliac bone harvested
from the posterior iliac crest and with a local autograft
obtained from the spinous processes of the lumbar spine,
bone removed from the partial facetectomy and laminec-
tomy. Finally, rods were applied to the pedicle screws and
the screws were tightened to apply the compressive load to
the bone graft.

Patients
Between 2008 and 2010, we carried out long fusion(more
than 4 segments) across the lumbosacral junction in 13
patients with a degenerative lumbar deformity using
the operative technique described. All procedures were
performed by a single surgeon. The mean patient age at
the time of the operation was 71.4 years (range, 61 to 79
years), and the mean follow-up period was 26.6 months
(range, 12.9 to 40.24 months). The mean fusion level was
4.7 levels (range, 4 to 8 levels) (Table 1).

All 13 patients were evaluated with postoperative
CT scans that were performed no sooner than six months
postoperatively. In 12 of these 13 patients, the lumbosa-
cral fusion was graded by an independent radiologist as

Fig. 2. (A) The lateral trajectory of the
S2 alar screw varied somewhat among
patients but was typically between 30
and 35 degrees in the lateral planes.
It did not penetrate the sacroiliac joint
laterally or the S1 ventral foramen med-
ially. (B) The superior trajectory of the S2
alar screw was a longer screw insertion
and did vary somewhat among patients,
but was typically between 15 and 20
degrees in the superior planes. It did not
penetrate the anterior cortex as this could
cause impingement of the L5 nerve root
and injury to the internal iliac vessels.
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Table 1. Patient Demographics and Clinical Results

No. Age Sex Diagnosis Procedure Fogg)r‘?(';éjp
1 61 F Degenerative stenosis [2-S2 fusion 12.9
2 72 F Degenerative stenosis [1-S2 fusion 15.7
3 69 F Degenerative stenosis [2-S2 fusion 284
4 68 F Degenerative scoliosis, [2-S2 fusion 354

degenerative stenosis

5 72 F Degenerative stenosis [2-S2 fusion 321

6 74 F Degenerative stenosis [1-S2 fusion 304

7 79 F Degenerative stenosis [2-S2 fusion 157

8 69 F Lumbosacral pseudoarthrosis, L2-S2 fusion 32.6

degenerative stenosis (revision)

9 72 F Degenerative stenosis 12-S2 fusion 36.8
10 72 F Degenerative stenosis [2-S2 fusion 344
11 71 M Lumbosacral pseudoarthrosis, L1-S2 fusion 15

degenerative stenosis (revision)

12 73 F Degenerative scoliosis, T10-S2 fusion 40.24

degenerative stenosis

13 77 F Degenerative stenosis T9-S2 fusion 16.6

Visual analogue scale Oswestry disability index

Pre- Post- Pre- Post.  Ccomplications
operative operative operative operative

6 2 14 4

8 2 23 6

7 1 19 4 Pseudarthrosis
5 1 13 3

8 1 31 10

5 2 18 6

9 3 26 7

8 3 24 8

9 4 16 5

9 3 39 13

7 2 33 16

9 2 25 6 Rod dislodge

9 4 27 9

Fig. 3. Two years postoperatively, there was no evidence of screw
loosening or pseudarthrosis at the lumbosacral junction.

solid fusion with obvious bridging bone (Fig. 3). The one
patient who did not have solid fusion remained greatly
improved in terms of her back pain compared with before
surgery and did not have any symptoms consistent with
pseudarthrosis. There were no complications that oc-

curred as a result of the diagonal S2 screw placement dur-
ing the follow-up period.

One patient was a farmer and insisted upon main-
taining her rural life and farming work. She had a rod
dislodge at one S2 screw and breakage of one S1 screw re-
sulting in kyphotic deformity two months postoperatively.
As a result, this patient did experience painful hardware
prominence of the dislodged rod requiring removal, and
underwent revision of the T10-S1 fusion nine months
postoperatively.

DISCUSSION

Achieving solid fusion at the lumbosacral junction in de-
formity surgery is challenging.” As is often the case, osteo-
penia at S1 limits the quality of fixation there; thus, only
one level of fixation anchors the construct solidly at the
lumbosacral junction. Using just the S1 promontory fixa-
tion in adult deformity surgery is associated with pseud-
arthrosis at L5-S1.” The high incidence of pseudarthrosis
at the lumbosacral junction has led authors to recommend
anterior interbody fusion and supplemental fixation at the
lumbosacral junction®” as a part of complete lumbosacral
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fixation.>”

The major advantage in sacral-pelvic fixation is the
assembly the instrumented fusion segment to the ilium.
There are two fundamental fixation techniques for in-
strumentation of lumbosacral junction-all sacral fixation
and sacro-iliac fixation. The difference between these two
techniques is S2 screw fixation versus iliac screw fixation.

The iliac screw fixation technique is insertion of ful-
ly- or partially-threaded iliac screws and connected with
the longitudinal rod in the lumbar spine through mono-
axial or polyaxial connectors and offsets. The advantage
of iliac screw system is modularity, easier placement of
implants, placement of more than one iliac screw on each
side, and biomechanical compatibility with a proper pivot
point.” However, iliac screw fixation technique has poten-
tial risk of substantial morbidity. The technique has higher
risk of infection and bleeding because of extensive surgical
exposure and poor soft tissue coverage.

More practically, the iliac implants may be promi-
nent and interfere with iliac graft harvest. In addition,
there are other complications associated with iliac screw
fixation including loosening, injury of neurovascular
structures in the sciatic notch, violation of acetabulum,
and hardware prominence.l’s) Furthermore, Kuklo et al.”
reported an infection rate of 4% associated with lumbosa-
cral fusion using bilateral S1 and iliac screws. The sacral
alar screw has been used as an alternative to the iliac screw
and has been tested biomechanically. Leong et al.” found
that a construct consisting of bicortical S1 pedicle screws
in combination with bicortical S2 alar screws that were in-
serted 30 degrees anterolaterally was significantly stronger
than constructs using bicortical S1 pedicle screws alone. In
a study by Zindrick et al.,'” second sacral pedicle is weak-
est location and screws aimed laterally into the ala at 45
degrees resist larger axial pull-put loads than straight ante-
riorly into the ala. But, diagonal insertion of S2 screw did

not tested and S2 screw is not embedded firmly than iliac
SCrew.

To overcome the iliac screw disadvantages, the di-
agonal S2 screw for lumbo-sacral fixation was described
here. The diagonal S2 screw has many potential advan-
tages compared with iliac screw fixation such as a lower
profile, avoidance of extra soft tissue dissection, no com-
petition with iliac bone graft harvest, and easier salvage if
ever infected. But in patient with severe sagittal imbalance,
authors thought iliac screw fixation is appropriate option
for preventing pseudarthrosis.

Authors used a 6.0-mm-diameter, 50-mm-long
variable angle screw in most of the patients and it was suf-
ficient for solid lumbo-sacral fixation. More larger screw
is able to provide greater stability, but further biomechani-
cal testing would have to be accomplished to come to any
firm conclusion regarding the strength of S2 screws. In our
cases, a posterolateral fusion was performed in 13 patients
and there was no interbody fusion case. Interbody fusion
provides mechanical advantages in terms of graft compres-
sion and a large, well vascularized fusion surface. But, only
posterolateral fusion with S2 screw fixation provided high
fusion rate (12/13) and authors think interbody fusion
doesn’t need in our techniques.

Authors suggest that the S1-diagonal S2 screw con-
struct is an appropriate alternative to the Sl-iliac screw
construct and it presents certain clinical advantages. How-
ever, the short- and long-term effects of the diagonal S2
screw have not been completely evaluated. Further data
are needed to fully evaluate the diagonal S2 technique.
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