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Abstract

Three-column osteotomy (3-CO) is a powerful technique in adult deformity surgery, and pedicle subtraction osteotomy
(PSO) is the workhorse to correct severe kyphotic spinal deformities. Aging of the population, increasing cases of iatrogenic
flat back deformities and understanding the importance of sagittal balance have led to a dramatic increase of this surgical
technique. Surgery, however, is demanding and associated with high complication rates so that every step of the procedure
requires meticulous technique. Particularly, osteotomy closure is associated with risks like secondary fracture, translation, or
iatrogenic stenosis. This step is traditionally performed by compression or a cantilever maneuver with sometimes excessive
forces on the screws or instrumentation. Implant loosening or abrupt subluxation resulting in construct failure and/or neuro-
logical deficits can result. The aim of this prospective registry study was to assess the efficacy and safety of our surgical PSO
technique as well as the osteotomy closure by flexing a hinge-powered OR table. In a series of 84 consecutive lumbosacral
3-CO, a standardized surgical technique with special focus on closure of the osteotomy was prospectively evaluated. The
surgical steps with the patients positioned prone on a soft frame are detailed. Osteotomy closure was achieved by remote
controlled bending of a standard OR table without compressive or cantilever forces in all 84 cases. This technique carries a
number of advantages, particularly the reversibility and the slow speed of closure with minimum force. There was not a single
mechanical intraoperative complication such as vertebral body fracture, subluxation, or adjacent implant loosening during
osteotomy closure, compared to external cohorts using the cantilever technique (p =0.130). The feasibility of controlled
3-CO closure by flexing a standard OR table is demonstrated. This technique enables a safe, gentle closure of the osteotomy
site with minimal risk of implant failure or accidental neurological injury.

Keywords Deformity surgery - Osteotomy closure technique - Sagittal balance - Surgical PSO technique - VCR

Introduction

The three-column osteotomy (3-CO) is a powerful tech-
nique to correct sagittal and coronal imbalance in adult
deformity surgery. Pedicle subtraction osteotomy (PSO) is
the workhorse to correct kyphotic spinal deformities [29].
It is a closed wedge osteotomy with shortening of the dorsal
structures, by resecting the lamina, facet joints, and pedicles
at the index level. In case of a PSOplus, the adjacent disc is
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removed as well to achieve more correction. In the presence
of severe deformities, vertebral column resection (VCR)
may be required. In recent years, usage of three-column
osteotomies (3-CO) has increased almost exponentially to
particularly treat the increasing number of iatrogenic flat
back syndromes due to a better understanding of the con-
cept of sagittal balance. Several authors have demonstrated
improved health-related quality of life (HRQL) by restoring
sagittal alignment [5, 19, 20]. PSO and Smith-Peterson oste-
otomy (SPO) are well known procedures to correct sagittal
plane deformity [28]. The type of osteotomy depends on the
degree of deformity. Schwab et al. introduced a classifica-
tion (grade 1-6) regarding the amount of bone resection,
potential instability, and the possibility of a large correc-
tive move [25]. To summarize the classification, grades 1
and 2 consist of a partial or complete facet joint resection,
grades 3 and 4 are so-called pedicle subtraction osteotomies
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with or without the resection of the adjacent disc (PSOplus),
whereas grades 5 and 6 describe a vertebral column resec-
tion (VCR) performed at one or two segments [7]. To correct
extensive sagittal plane deformities (>25°), we propose a
PSO (grade 3) or PSOplus (grade 4), if needed in combina-
tion with additional osteotomies (SPO) at further levels [7].

Adult deformity surgery, however, is demanding and
associated with high complication rates so that every step
of the procedure requires meticulous technique. Particularly,
osteotomy closure is associated with risks like secondary
fracture, translation, or iatrogenic stenosis. This step is tradi-
tionally performed by compression or a cantilever maneuver
with sometimes excessive forces on the adjacent screws or
instrumentation. Implant loosening or abrupt subluxation
resulting in construct failure and/or neurological deficits can
result, varying from 2 to 15% in literature [2, 3, 9, 10, 12,
15, 17, 24].

With the dramatic increase in spinal instrumentation,
spine surgeons face more and more effects of fusion such
as adjacent segment disease and iatrogenic kyphoscoliosis
recently [12, 22, 27]. Many spine centers aim at introducing
3-CO, which automatically comes with a learning curve and
associated complications. The scope of this manuscript is to
detail the surgical steps of our PSO technique with special
emphasis on osteotomy site closure and to present intraop-
erative results in a large consecutive series.

Materials and methods

A standardized step-wise surgical technique for 3-CO has
been developed at our center and applied continuously since
2011. After obtaining approval by the institutional ethics
committee, 84 consecutive patients, who underwent lum-
bosacral 3-CO with osteotomy site closure by bending a
standard OR table (1) and use of a special osteotomy set
(*), were analyzed. Surgical details, construct length, dura-
tion of surgery, and hardware failure were collected pro-
spectively. The particular focus of this study was to evaluate
the efficacy and safety of osteotomy closure by remotely
bending a standard OR table without any compression or
cantilever forces on the instrumentation under fluoroscopic
control. This method of using the operating table provides
limited ability to adjust the position of the head, which must
be carefully secured by anesthesia during the maneuver.

Preoperative planning is essential to determine the
amount of correction needed and requires an in-depth analy-
sis of spinopelvic parameters and Roussouly types.® Com-
pensatory mechanisms have to be taken into consideration
when calculating the amount of required correction [7, 21].
This article, however, focuses on the intraoperative, not pre-
operative steps.

@ Springer

Fig.1 (A) Position the patient in prone position on a standard OR
table on top of a soft cushion frame, with the level of osteotomy at
the hinge of the table (red arrow). (B) Perform a standard midline
posterior approach with meticulous hemostasis. Instrumentation
spanning at least two levels above and below the index level. Suf-
ficiently decompress the nerve root laterally, above and below the
index pedicle. Use a distraction device to prevent partial osteotomy
closure

Statistical analysis was performed using SPSS Statistics
27 (IBM, Armonk, New York, USA). Chi-square and Fisher
exact test were used for dichotomous data analysis depend-
ing on the number of subjects involved. A p value of less
than 0.05 was considered statistically significant. The Wil-
son test was applied for binominal confidence interval cal-
culation. Data entry in an electronic database was performed
in a pseudonymized form. Data was stored according to local
regulations in a database.

Step-wise surgical technique

e Place the patient in prone position under general anes-
thesia on a standard OR table (f1). A soft cushion frame
supports the thorax and the pelvis leaving the abdomen
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decompressed. The level of osteotomy should be exactly
at the hinge of the table (Fig. 1A).

e Perform standard posterior exposure with meticulous
hemostasis, exposure of all posterior bony structures:
lamina, isthmus, facet joints, and transverse processes.

¢ Implant pedicle screws at least two adjacent levels above
or below the osteotomy with/without navigation, free-
hand or under fluoroscopy.

e Perform SPOs and TLIFs at additional levels if neces-
sary, according to the preoperative plan.

e Resect the base of the transverse processes with a drill
or Kerrison Rongeurs. Dissect the paravertebral muscles
and segmental artery from the lateral part of the vertebral
body, and apply a folded hemostatic sponge (*).

e Resect the inferior facets of the upper vertebra, the supe-
rior isthmus, the inferior facets, and the entire lamina of
the index vertebra, and extensively decompress the nerve
roots laterally, above and below the index level. In some
cases, temporary distraction devices (**) may be help-
ful to prevent early partial closure after bony resection
(Fig. 1B).

Fig.2 Open (A) and hollow (B)
the index pedicles using specific
dilators*. Create a tunnel in
front of the posterior vertebral
wall (C). Push cancellous bone
anteriorly for a solid anterior
fusion mass (D)

Use a special PSO osteotomy set (*) for the following
steps.

Open and hollow the pedicles by using several specific
dilators consecutively (Fig. 2A and B).

Create a hollow space in front of the posterior vertebral
wall, and progressively push the cancellous bone ante-
riorly to create a solid anterior fusion mass (Fig. 2C and
D).

Resect the pedicles with specifically shaped osteotomes
(Fig. 3 A and B; Fig. 4C).

Remove the adjacent superior disc (in case of PSOplus).
Remove two thirds of the lateral cortical wall in a wedge-
shaped manner and chisel to the anterior third of the ver-
tebra to minimize the risk of superior endplate fracture
(Fig. 3C and D).

Resect the posterior vertebral wall in two steps with a
special posterior wall impactor* (Fig. 4A).

Remove the posterior anulus with a Kerrison Rongeurs
underneath the dural sac, if the adjacent superior disc is
also resected.

Apply the gentle osteotomy closure technique by adjust-
ing the OR table hinge (remotely controlled) (f7)
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Fig.3 Resect the pedicles with
specifically shaped osteotomes*
(A, B). Remove two-thirds

of the lateral cortical wall in

a wedge-shaped manner (C).
Chisel to the anterior third

of the vertebra to minimize

the risk of superior endplate
fracture (D)

(Fig. 5B) under continuous visualization of the dural
sac and nerve roots without stress to the implants under
fluoroscopic surveillance.

e Finalize the construct by rod implantation (Fig. 4D).

*: PSO Osteotomy Set Medtronic ®, Medtronic plc, Dub-
lin, Ireland.

#%: TLIF poly screw distractor ®, DePuy Synthes Spine,
Johnson & Johnson, Medical Devices Companies, Raynham,
MA 02,767, USA.

A: Spongostan®, Ethicon, Johnson & Johnson; New
Brunswick, NJ, USA.

11: Maquet 1150 ®, Maquet Gmbh; Germany, 76,437
Rastatt/Germany.

Results
Our cohort represents a typical patient population of adult

deformity with female predominance and a mean age
of 65.6 +10.1 years (range: 32-83). The average PI-LL
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mismatch was 31° with a mean PI of 55° and preoperative
lumbar lordosis averaging 24°. Osteotomies were primarily
performed in the lumbar spine, especially at the levels of
L4 and L3. Fifty-seven patients (67.9%) were treated with a
short construct, spanning between 5 and 7 motion segments
and instrumentation at least two levels above and below.
Forty-two patients (50.0%) received a PSO, 38 (45.2%) a
PSOplus, whereas 4 patients (4.8%) were treated with a
VCR. The mean operation time was 384 + 102 min. It has
to be noted, however, that the longest surgical step in our
cohort consisted of decompression and adhesiolysis, as the
majority of patients (73.8%) had several prior surgeries
(Table 1).

Prospective analysis of this series of 84 consecutive
patients who underwent lumbosacral 3-CO with our gentle
osteotomy closing technique did not reveal a single intra-
operative mechanical complication due to the maneuver
such as implant loosening or abrupt vertebral body sublux-
ation. Lumbar lordosis improved significantly after 3-CO
(24.1+17.8° vs. 51.3+10.6°% p<0.001).

No perioperative hardware failure was noted following
the gentle osteotomy closure with the assistance of a flexible
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Fig.4 Resect the posterior ver-
tebral wall by using the specific
impactor *(A). Use a distraction
device** to prevent spontaneous
osteotomy closure (C). Close
the osteotomy (B, D)

hinge-powered operating table (n=0 (0.0%); p=0.130;
CI95, 0.000-0.0437; Wilson), compared to external cohorts.
Two patients showed postoperative neurologic deficits (n=2
(2.4%); p=0.032%; CI95, 0.0066-0.0827) [2, 3, 8, 11, 12].

Discussion

Our standardized step-wise surgical technique for 3-CO with
special focus on closure of the osteotomy site was able to
completely prevent intraoperative mechanical complica-
tions in a large prospective series. Gentle closure by using
a remotely controlled hinge-powered standard OR table
obviates the application of high compressive or cantilever
forces on the implants, which carry the risk of uncontrolled
subluxation, fracture, or stenosis. Flexing the OR table
exactly at the level of the osteotomy seems to be a safe and
advantageous alternative to applying excessive force on the
instrumentation.

Many variants of spinal osteotomies have been described
in the literature, and it is well accepted that 3-CO is a
demanding procedure which should be performed in

specialized spine centers by experienced surgical and anes-
thesiological teams [1, 3, 6, 8, 14, 16, 25, 28].

Posterior subperiostal exposure, meticulous hemostasis,
and placement of pedicle screws in free-hand or navigated
technique with complete laminectomy and far lateral decom-
pression of the upper and lower nerve roots followed by the
resection of both transverse processes at the index level
have been rather standardized. However, there are different
osteotomy techniques which apply osteotomes or chisels to
resect the pedicles and the adjacent bone above and below.
As a final step, the posterior vertebral wall anterior to the
dural sac is removed by upwards angled pituitary Rongeurs
or decancellation techniques like the eggshell procedure.
Osteotomy of cancellous bone is often associated with sig-
nificant bleeding, and a significant risk of pseudarthrosis at
the osteotomy level has been described repeatedly with these
techniques [6, 13, 23].

In our case series, we applied a specific osteotomy set
* which compacts the cancellous bone via a transpedicu-
lar route and pushes the bone forward. Bone compaction
minimizes blood loss and creates a solid fusion mass ante-
riorly. As many patients are osteoporotic, this may prevent
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Fig.5 Standard OR table (Maquet 1150 ®, Maquet Gmbh; 76437
Rastatt, Germany). Patient positioning in case of severe fixed
kyphotic deformity (A). Dorsiflexion to close osteotomy site (B)

pseudarthrosis, and we have not seen a case of pseudarthro-
sis at the osteotomy site in the reported 84 patients. The
last step prior to closure is the resection of the posterior
wall with a specific impactor after dissection of the posterior
longitudinal ligament.

Traditionally, the surgical step of osteotomy closure is
performed by compression or cantilever maneuvers with
sometimes excessive forces on the adjacent implants and

Table 1 Demographics and surgical details

Demographics and surgical details N=84
Age at surgery 65.6+10.1
Female 54 (64.3%)
BMI (kg/m? 27.0+5.3
Prior Surgery 70 (83.3%)
Multiple surgeries without instrumentation 6 (7.1%)
Multiple surgeries with instrumentation 50 (59.6%)
Pelvic incidence (PI) 55.3+19.1°
Lumbar lordosis (LL) 24.1+17.8°
Postoperative LL 51.6+10.3°
PSO/PSOplus/VCR 42 (50.0%)/38
(45.2%)14
(4.8%)
LVB 4 as level of correction 65 (77.4%)
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bony structures or in combination with patient repositioning
on the table with extension of the hips joints and elevation
of the trunk [3, 6, 8, 12].

This can lead to loosening or abrupt subluxation espe-
cially in osteoporotic patients resulting in intra- or postop-
erative implant failure or neurological deficit [2, 18].

The 3-CO is an obviously destabilizing procedure that
carries a high risk of secondary neurological deficits caused
by fracture, translation, or iatrogenic stenosis following clo-
sure of the osteotomy.

Despite being a known complication, exact numbers
of perioperative hardware failure and screw loosening are
rarely published. We, however, were able to introduce a safe
osteotomy site closure technique without any perioperative
hardware failure. Furthermore, this technique enables the
reopening of the osteotomy site in case of dural kinking or
suspected nerve root entrapment. This technical advantage
resulted in a significant reduced number of patients with
associated neurologic deficits (p=0.032) [2, 3, 8§, 11, 12].

Several authors have described their technical aspects
to perform osteotomies. Osteotomy closure is generally
achieved by compression or cantilever maneuvers, some-
times with specially designed instruments connected to the
pedicle screws. Only a single case report has described the
use of a flexible hinge-powered operating table for con-
trolled PSO site closure [3, 7, 9, 12, 24].

The reported technique enables a safe, gentle closure of
the osteotomy with no or a very low risk of implant failure
or accidental injury of nervous structures. By simple use of a
standard OR table in combination with a soft cushion frame,
stable patient positioning even in presence of severe fixed
kyphotic deformity with flexed hips is possible (Fig. SA
and B; Fig. 6), which might be cumbersome with other
positioning devices. Furthermore, the table can be moved
back and forth on top of its base to enable AP views during
instrumentation.

An additional crucial advantage of the applied closure
technique is the fact that the osteotomy can be reopened
and closed degree by degree to check for inadvertent nerve
root or dural sac compression or allow additional resection
of bony structures in case of residual stenosis. Once the
rods are inserted and the osteotomy is secured, the table is
brought back into the original position for wound closure.

Tips and pearls

e For lumbar osteotomies, no temporary rod is required [3].

e Meticulous adhesiolysis is mandatory to remove dural
scarring in case of prior surgery to avoid dural kinking
during osteotomy closure.

e Beware of stenosis of the dural sac during osteotomy clo-
sure. Our technique allows gentle reopening and closure
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Fig.6 Pre- and postoperative full spine standing X-rays and com-
puted tomography of the lumbar spine of an 84-year-old female
patient with a fixed kyphotic deformity and sagittal imbalance. The
massive lumbar kyphosis of 65° resulted from interspinous implants
at the levels L2/3, L3/4, and L.4/5 and an osteoporotic fracture of L3.
The patient was immobilized due to severe low back pain (VAS 10).

of the osteotomy without stress on pedicle screws and
bony structures to optimize the maneuver and potentially
extend dural sac decompression.

e Any abnormal resistance during osteotomy closure is
highly indicative of insufficient bony resection and/or
persistent cortical bone, in particular of the lateral and/
or the posterior wall of the vertebral body [3].

e Cobalt chromium rods are possible to increase the
strength of the construct and reduce the risk of rod frac-
ture. Currently, however, the use of one or two satellite
rods to span the osteotomy connected with side to side
connectors in a titanium construct seems ideal, as it pro-
vides high rigidity at the level of the osteotomy and more
flexibility at the ends of the construct [4, 26].

e Autografts augmented with bone substitutes were put on
the surface of the posterior bony elements to enhance
fusion.

e Intraoperative monitoring of MEP/SSEP is mandatory
for osteotomies performed in the thoracic spine, but not
required below the level of the conus medullaris [3].

e Postoperative orthoses are not standardized required.

The metal components of the table, however, limit intra-
operative imaging, which would be possibly with carbon
fiber OR tables. Spinal navigation is thus more challeng-
ing. Internationally, many patients are treated on a standard
Jackson table, which often, despite its advantages, does not
allow bending. However, with some new models, flexion at

After instrumentation of L1 to the ilium and VCR of L3 gentle clo-
sure of the osteotomy site using the hinge-powered OR table obviated
the need to put any stress on the implants. Outcome was excellent at
2 years with minimal low back pain (VAS 3) and a walking distance
of 200 m

a hinge is possible and therefore allows the adaption of the
above-mentioned osteotomy closure technique [16].

Conclusion

This study of 84 consecutive patients undergoing lumbosa-
cral 3-CO demonstrates the feasibility of using a flexible
hinge-powered operating table for controlled osteotomy clo-
sure without any mechanical intraoperative complication.
This technique eliminates application of massive force to
the instrumentation and bony structures and thereby mini-
mizes the risk of vertebral body fracture or translation and
consecutive neurological impairment.
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