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INTRODUCTION

Maintaining lumbar lordosis and sagittal balance
is an important consideration for patients undergo-
ing lumbar fusion."™ The use of interbody grafts
and posterior column osteotomies (PCOs) can
increase segmental lumbar lordosis from a posterior
approach. Compression to close the PCO shortens
the posterior column and increases the segmental
lumbar lordosis.*® Aggressive compression across
pedicle screws, however, is associated with increased
stress on the screws and can lead to intraoperative
screw breakout, particularly in patients with poor
bone mineral density.” Efforts to reduce the stress
on the screws during closure of the osteotomy may
avoid these intraoperative complications and can
help maintain the integrity of instrumentation

The open-frame hinged surgical table allows
surgeons to manipulate lumbar lordosis during
prone spine surgery.®® By adjusting the angle of
the hinged surgical table, surgeons can decrease or
increase segmental lumbar lordosis during decom-
pression and instrumentation, respectively. While
decreasing lumbar lordosis can facilitate decom-
pression as with a traditional Wilson frame,
increasing lumbar lordosis can help restore sagittal
alignment prior to fixation. This technique is
potentially useful for closure of a PCO to restore
lumbar lordosis.'® Prior reports have mentioned
extension of the surgical bed to close PCOs for
patients with ankylosing spondylitis.'""'> However,
it is not known whether the hinged surgical table is
equivalent to compression across the screws to close
a PCO in patients with degenerative spine disease
undergoing lumbar interbody fusions.

We evaluated the change in segmental lumbar
lordosis in patients undergoing lumbar interbody
fusion with PCO on a hinged surgical table.

MATERIALS AND METHODS

In this retrospective study, consecutive patients
undergoing PCO and lumbar interbody fusion from
November 2016 to November 2018 were reviewed.
Institutional review board approval was obtained
from [nstitution Blinded for Review for the study.
The need for informed consent was waived given the
retrospective study design and use of deidentified
data. All surgeries were performed by the senior
author (A.E.R.). From November 2016 to Novem-
ber 2017, we compressed across the pedicle screws to
close the PCO (group 1). This was done with a
standard screw head compressor, and the amount of
force used to the compress was variable and at the
surgeon’s discretion. From December 2017 on, we
used an open-frame hinged surgical table (ProAxis
and Trios Surgical Table, Mizuho OSI, Union City,
California) to close the PCO without manual
compression across the pedicle screws (group 2).
In this study, we compared the 2 surgical techniques
by analyzing preoperative clinical data, intraopera-
tive radiographs, and early postoperative outcomes.

Surgical Technique

In the initial cohort (group 1), patients were
positioned on a Jackson table, and pedicle screws
were placed using a standard technique. For the
PCO, we performed complete bilateral facetecto-
mies, a large laminectomy, and partial pars resec-
tion and removed the ligamentum flavum. This
resulted in complete bony removal between the
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Table. Demographic and clinical preoperative and postoperative data.

Group 1 Group 2
(Jackson (Hinged Surgical
Table) Table) P Value

N 22 31
Age 63.4 = 13.1 64.0 = 9.9 0.80%
Sex, male/female 13/9 13/18 0.2°
Body mass index 289 * 42 312 £ 4.5 0.06"
Surgical indications

Spondylolisthesis 19 19

Adult spine deformity 3 8

Recurrent lumbar disk — 2

Facet cyst — 1

Pseudoarthrosis — 1
Estimated blood loss, 459.2 = 428.6 475 + 502.9 0.91*

mean * SD
Revision surgery, n (%)

None 13 (59.1) 17 (54.8) 0.63¢

Prior decompression 7 (31.8) 8 (25.8)

Prior fusion 2(9.1) 6 (19.4)
Levels

L1-L2 1 1

L2-L3 2 5

L3-L4 7 10

L4-LS 10 19

L5-S1 6 7
Interbody height, mean 109 = 1.0 1.2 +£22 0.41*

+ SD, mm
Length of stay in 42 *+24 55+x28 0.11

hospital, mean = SD,
days

“Student 7 test.
PChi-square test.
Fisher exact test.

rostral and caudal pedicles over both the midline
and the foramen. Once the interbody graft was
placed via a transforaminal approach, rods were
positioned across the screws, and the osteotomy was
closed by compressing the screws and locking the
rod.

In the second cohort (group 2), the patients were
positioned on the hinged surgical table. The table
was flexed at 10°-24° to increase lumbar kyphosis
and improve exposure for decompression and
placement of pedicle screws and interbody grafts
(Figure 1A). After the PCO was performed and the
interbody graft was placed, the table was returned
to the neutral position (0°; Figure 1B). This closed
the osteotomy adequately and allowed compression
across the interbody graft. No manual compression

Figure 1. Patient postioned on hinged surgical table with table flexed at 20° (A)
and table at 0° (B).

Figure 2. Intraoperative radiographs showing measurement of Cobb angles
for patients undergoing L4-L5 interbody fusion with posterior column osteotomy
(PCO). (A, B) Patient positioned on a Jackson table; intraoperative sagittal
alignment shown before decompression (C) and after manual compression of
screws to close the PCO (D). (C, D) Patient positioned on a hinged surgical
table with table flexed at 20° prior to decompression (A) and table at 0° after
closure of the PCO (B).

across the screws was required. The rods were then
placed and locked.

A variety of interbody devices were used in this
study based on surgeon preference for that partic-
ular case. All patients underwent free-running EMG
monitoring during the surgery.

Radiographic Evaluation

Radiographic measurements on intraoperative
fluoroscopic images were made using GE PACS
2.0 (GE Medical Systems, Chicago, Illinois). The
segmental Cobb angle at the level of the osteotomy
was measured between the superior endplate of the
superior level and the inferior endplate of the
inferior level (Figure 2). At the L5-SI level, the
superior endplate of S1 was used to measure the
segmental Cobb angle. For group 1, Cobb angles
were measured on the initial image (before instru-
mentation) and on the final images after compres-
sion across the screws and placement of the rod. For
group 2, intraoperative lateral fluoroscopic images
were obtained when the table was flexed (initial
image) and when the table was in neutral position
(final image) after rods were placed and locked. For
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patients undergoing multilevel fusion and posterior
column osteotomies at more than level, each level
was measured and analyzed separately.

STATISTICAL METHODS

Descriptive statistics were used for demographic
and clinical data. Categorical data were analyzed
using the chi-square test and the Fisher exact test.
The mean difference in Cobb angles between the
initial and final images at each surgical level was
calculated. SPSS 23.0 (IBM, Armonk, NY) was
used for analysis, and statistical significance was set
at P < .05.

RESULTS

A total of 58 patients were reviewed during the
study period, and 5 patients were excluded because
they did not have intraoperative radiographs
available for review. Sixty-eight segmental levels
were assessed for 53 patients in the final study
group. The Table shows the demographic and
clinical data for the 2 groups. There were no
statistically significant differences for the preopera-
tive variables between the 2 groups. All patients
underwent lumbar interbody fusion and PCO for
degenerative spine disease, and the majority of
patients underwent surgery for the first time (n = 30,
56.6%). The most common surgical level was L4-L5
(group 1: 40.9%; group 2: 48.4%). For patients in
group 2, the surgical table was flexed from 10° to
24°, the majority of cases being performed with the
table at 20° (n = 24, 77.4%). No changes in
intraoperative neuromonitoring recordings were
noted when changing the table angle during surgery.
Complications were seen in 7 patients. In group 1, 1
patient had a durotomy. In group 2, 4 patients had a
durotomy, | patient had an intraoperative interbody
graft extrusion unrelated to table angle, and 1
patient had a postoperative pulmonary embolism.
No patient had new neurological deficits postoper-
atively.

Radiographic Data

The mean change in segmental Cobb angle was
5.8° = 5.3° (P < .01) for the entire study. There was
a statistically significant increase in mean segmental
Cobb angles after closure of the osteotomy for both
group 1 (P < .01) and group 2 (P < .01). There was
no statistically significant difference between the 2
groups for the initial segmental Cobb angle (group

= Group 1

35 1 B Group 2
30 -
25 A
20 -
15 A
10 A
5 .
0 -

Initial segmental Final segmental Change in
Cobb angle Cobb angle segmental Cobb
angle

Figure 3. Bar graph showing changes in intraoperative segmental Cobb
angles after closure of posterior column osteotomy in patients undergoing
lumbar fusion with Jackson table (group 1) and hinged surgical table (group 2).
No statistically significant differences were found between the 2 groups.

1: 15 £ 8.1; group 2: 15.2 = 8.9; P=.94) or the final
segmental Cobb angle (group 1: 20.1 = 8.9; group 2:
21.3 = 8.3; P=.58). The change in segmental Cobb
angle after closure of the osteotomy was not
statistically significant between the 2 groups (group
1: 5.1 = 5.7; group 2: 6.2 = 5.1; P=.44) (Figure 3).

DISCUSSION

The study focuses on the use of a hinged surgical
table to close a PCO in patients undergoing
instrumented lumbar fusion. Changing the table
from a flexed to a neutral position closed the
osteotomy and produced a significant increase in
segmental lumbar lordosis, and these results showed
no statistically significant differences when com-
pared with traditional manual compression to close
a PCO.

Appropriate patient positioning during lumbar
fusion surgery is necessary to ensure that physio-
logical sagittal alignment is achieved during fixa-
tion. Patients positioned on the standard Jackson
table, which is commonly used for lumbar fusion
surgery, show increased lumbar lordosis as com-
pared with those positioned in the knee-chest
position.'*!* However, increased lordosis can make
decompression more difficult due to overlap of the
lumbar laminae. Sebastian et al® found that
approximately 20° of motion was obtained using a
hinged surgical table, and this was equivalent to
physiological motion allowed during active motion.
The hinged surgical table can flex in a bidirectional
manner to increase or decrease the lordosis intra-
operatively. In the initial few patients, we used a
smaller angle of flexion, but with experience, we
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found that 20° was the optimal angle for most
patients—for decompression and to close the
osteotomy without the need for compression across
the pedicle screws. However, this flexion angle for
the table can be modified to suit each individual
patient.

While patient positioning on the operative table
can assist deformity correction, a well-performed
PCO is essential to create segmental lumbar lordosis
and avoid kyphosis in the setting of interbody
fusion. As previously described, the PCO involves a
complete bilateral facetectomy, laminotomy, remov-
al of the ligamentum flavum, and closure of the
osteotomy.'”> In this study, the osteotomy was
closed in a controlled manner with the hinged
surgical table without the need for compression
across the screws. Van Royen et al’ showed that
screw breakout during compression across pedicle
screws may be related to poor bone mineral density,
calcification of disks, and bridging osteophytes. The
hinged surgical table ensures motion across multiple
vertebral segments to close the osteotomy and
reduces excessive stress on the pedicle screws at a
single level. The PCO has been shown to create 7°—
10° of segmental lordosis, with lesser degree of
correction in older patients.*' In the present study,
the mean change in segmental angle was 6.3° + 5.4°,
which was similar to the values reported by
Dorward et al'® for older patients. In this study,
we evaluated 2 techniques to close the PCO, and it
was not unexpected that there was no statistically
significant difference in the change in segmental
angles between the 2 groups because both groups of
patients underwent a similar technique for decom-
pression. Closure of the PCO using the hinged
surgical table was found to be noninferior to
aggressive manual compression across the pedicle
SCrews.

The link between intraoperative and postopera-
tive sagittal spine alignment has been investigated
previously. Although maintenance of intraoperative
lumbar lordosis is an important goal of lumbar
fusion surgery, prior authors have shown that
intraoperative segmental lumbar lordosis is not
necessarily maintained postoperatively.'®!” Salem
et al'” indicated that improvements in total lumbar
lordosis on postoperative imaging may be related to
the extent of decompression. The use of the hinged
surgical table may facilitate more efficient lumbar
decompression, and this could independently im-
prove total lumbar lordosis; however, this needs to

be evaluated in future studies. It is also important to
highlight the risk for neurological complications
when increasing kyphosis using the hinged surgical
table, particularly in patients with severe kyphosis
and stenosis.'® In the present study, we focused on
patients undergoing lumbar fusion surgery and used
free-running electromyograms for all patients.
Although we had no significant neurophysiological
changes in this series, it is reasonable to consider
monitoring somatosensory and motor-evoked po-
tentials for patients undergoing thoracic fusion with
the hinged surgical table.

This study is limited by its retrospective design,
relatively small sample size, unequal numbers of
patients in the 2 groups, variety of interbody grafts
used, nonuniform compressive force used in the first
cohort, and lack of postoperative standing radio-
graphs to evaluate the maintenance of segmental
lumbar lordosis. To limit the variability in surgical
technique, we focused on consecutive cases per-
formed by a single surgeon; however, there may
have been some variability in the segmental angles
due to the position of the interbody graft, which was
not measured. Overall, this study details the use of a
hinged surgical table as an adjunct surgical tech-
nique to provide controlled closure of a PCO in the
lumbar spine.

CONCLUSIONS

The open-frame hinged surgical table aids de-
compression and restoration of intraoperative seg-
mental lumbar lordosis in patients undergoing PCO
and lumbar interbody fusion.
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