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Study Design. Retrospective review of a prospective multicen-
ter cervical deformity database.

Objective. To examine the differences in sagittal alignment
correction between three positioning methods in cervical spinal
deformity surgery (CD).

Summary of Background Data. Surgical correction for CD is
technically demanding and various techniques are utilized to
achieve sagittal alignment objectives. The effect of different
patient positioning techniques on sagittal alignment correction
following CD remains unknown.

Methods. Patients with sagittal deformity who underwent a
posterior approach (with and without anterior approach) with an
upper instrumented vertebra of Cé or above. Patients with Grade
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5, 6, or 7 osteotomies were excluded. Positioning groups were
Mayfield skull clamp, bivector traction, and halo ring. Preopera-
tive lower surgical sagittal curve (C2-C7), C2-C7 sagittal
vertical axis (cSVA), cervical scoliosis, T1 slope minus cervical
lordosis (TS—CL), T1 slope (T1S), chin-brow vertebral angle
(CBVA), C2-T3 curve, and C2-T3 SVA was assessed and
compared with postoperative radiographs. Segmental changes
were analyzed using the Fergusson method.

Results. Eighty patients (58% female) with a mean age of
60.6+£10.5 years (range, 31-83) were included. The mean
postoperative C2—C7 lordosis was 7.8°+14 and C2-C7 SVA
was 34.1Tmm=15. There were overall significant changes in
cervical alignment across the entire cohort, with improvements
in T1 slope (P<0.001), C2-C7 (P<0.001), TS-CL (P<0.001),
and cSVA (P=0.006). There were no differences postoperatively
of any radiographic parameter between positioning groups
(P>0.05). The majority of segmental lordotic correction was
achieved at C4-5-6 (mean 6.9°+11). Additionally, patients
who had bivector traction applied had had significantly more
segmental correction at C7—-T1-T2 compared with Mayfield and
halo traction (4.2° vs. 0.3° vs. —1.7° respectively, P <0.027).
Conclusion. Postoperative cervical sagittal correction or align-
ment was not affected by patient position. The majority of
segmental correction occurred at C4-5-6 across all positioning
methods, while bivector traction had the largest corrective
ability at the cervicothoracic junction.

Key words: bivector traction, cervical spinal deformity,
cervicothoracic kyphosis, halo, mayfield, surgical planning.
Level of Evidence: 4
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he purpose of this study was to examine the differ-
ences in sagittal alignment correction between three
positioning methods in cervical spinal deformity
(CD) surgery. With the complexity of CD surgery, patient
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Radiographic Parameters and
Additional Criteria for Study

Inclusion

Radiographic Parameters Measurement
Lower surgical sagittal curve (C2-C7) <0°
C2-C7 sagittal vertical axis (cSVA) >4cm
Cervical scoliosis >10°

T1 slope minus cervical lordosis (TS—CL) >20°
Chin-brow vertebral angle (CBVA) >25°

Additional inclusion criteria
Available postoperative lateral radiographs
Intraoperative positioning data
Posterior approach (with and without anterior approach)
Upper instrumented vertebral level (UIV) of C6 or above

positioning may ultimately impact sagittal correction. Mul-
tiple positioning techniques are currently utilized, including
bivector traction, halo ring, and the Mayfield skull clamp.
We hypothesized that there would be no difference between
cervical positioning techniques and the degree of postoper-
ative sagittal correction achieved.

MATERIALS AND METHODS

Study Design

A multicenter retrospective analysis of a CD database
(2013-2016) that utilized preoperative and postoperative
lateral radiographs in patients at least 18 years of age
undergoing surgical correction above the C6 level was
performed. Inclusion criteria included at least one of the
radiographic and additional criteria listed in Table 1.
Patients were excluded if they underwent Grade §, 6, or
7 osteotomies. "

Patients and Data Collection

Eighty patients were included in the study. Patient demo-
graphic and surgical data are listed in Table 2. Preoperative
and postoperative radiographs were reviewed and C2-C7,
C2-C7 sagittal vertical axis (cSVA), cervical scoliosis, T1
slope minus cervical lordosis (TS—CL), T1 slope (T1S), chin-
brow vertebral angle (CBVA), C2-T3 curve, and C2-T3
SVA were recorded.

Statistics

All data analysis was performed using SPSS Version 20.0
(International Business Machines [IBM], Armonk, NY).
Statistical tests were utilized as displayed in Table 3. Align-
ment was compared between positioning groups and seg-
mental alignment was analyzed using the Fergusson
method.”? Segmental correction between C2 and TS was
analyzed and Pearson correlations were performed to deter-
mine a relationship between the number of levels fused and
segmental correction. Statistical significance was defined as
a=0.05.
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Patient Demographic and Surgical
Data

Patient Demographic and
Surgical Data N (%)
Sex
Female 46 (58%)
Male 34 (42%)
Age 60.6£10.5 years
(range, 31-83)
BMI 29.2+8.0 kg/m? (17-58)
Surgical positioning
Mayfield skull clamp 48 (60%)
Bivector traction 20 (25%)
Halo ring 12 (15%)
Approach
Posterior only 39 (49%)
Combined anterior and 41 (51%)
posterior
Primary or revision surgery 28 (35%)
Primary surgery 52 (65%)
Revision surgery 28 (35%)

RESULTS

Baseline Characteristics and Postoperative
Radiographic Parameters

There were no differences in baseline cervical radiographic
parameters, demographics, primary versus revision surgery,
or preoperative sagittal flexibility between groups
(P>0.05). The most common Upper Instrumented Verte-
bral (UIV) levels were C2 (59%) and C3 (28%). The
bivector traction group had the most levels fused compared
with halo ring and Mayfield (13.8 vs. 8.9 vs. 8.9 levels,
P <0.004, respectively).

Cervical alignment improved across the entire cohort,
however, neither the difference between preoperative to
postoperative radiographic parameters nor postoperative
alignment achieved were different amongst position groups
(Table 4). Lastly, while there was a trend towards smaller
postoperative C2-T3 SVA in the halo ring group, the
difference was not statistically significant compared with
bivector traction and Mayfield.

Segmental Correction

There was lordotic correction in the cervical spine with the
majority of segmental correction achieved at C4-5-6
(Figure 1). Patients who had bivector traction applied had
significantly more segmental correction at C7-T1-T2

Statistical Tests

Variable Statistical Test

Demographics
Categorical variables
Scale variables

Descriptive statistics
Pearson Chi-Square
Analysis of Variance
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Mean Preoperative and Postoperative Radiographic Parameters Between Positioning

Groups
Radiographic Parameter| T1 Slope, ° | C2-C7,° cSVA, mm | TS-CL, mm | C2-T3,° C2-T3 SVA, mm
Preoperative lateral
Mayfield 28.8+17.1 -11.3+£20.8 | 38.0£19.6 40.2 £20.5 -19.8+19.9 76.6 £40.1
Bivector 31.5+16.4 -7.7£204 | 41.54+19.2 39.2£19.5 -16.5+£24.7 73.4+32.4
Halo 25.7+15.3 —-13.5+£256 | 32.5£17.6 39.2+16.8 -15.8+20.3 58.4+34.4
Total 29.0+16.6 -10.7+£21.2 38.1£19.2 39.8£19.5 -18.3+21.1 73.2+37.4
Preoperative extension
Mayfield 27.7+£14.3 2.2+19.1 30.3£20.7 25.3+£20.9 — -
Bivector 26.7+£18.5 0.5+21.4 | 33.8+£18.3 26.5+19.1 — —
Halo 20.5+20.7 -2.6£29.8 18.5+18.0 17.3+11.3 - =
Total 26.44+16.3 1.0+£21.4 | 29.3£20.0 24.44+19.4 = =
Postoperative lateral
Mayfield 38.7+18.7 8.2+14.0 | 35.6+14.9 30.5£15.2 -0.7£13.0 84.0+£33.3
Bivector 36.7+11.4 9.4+10.9 | 35.0+13.3 27.2+14.2 -0.8£16.0 73.0+24.5
Halo 29.2+14.8 3.44+£209 | 27.0£16.5 25.8+12.9 -5.0£13.6 57.7£32.6
Total 36.8+16.8""" 7.8+14.5" 34.14+£14.9""| 29.0+£14.6™ | -1.54+13.9 76.2+32.1
Radiographic parameters include T1 slope, lower surgical sagittal curve (C2-C7), C2—C7 sagittal vertical axis (cSVA), T1 slope minus cervical lordosis (TS—
ClL), C2-T3 curve (C2-T3), and C2-T3 sagittal vertical axis (C2-T3 SVA).
“P<0.01.
P <0.001 from baseline.

0.054

Figure 1. Comparison of segmental correc-
tion between three different intraoperative
positions: Mayfield skull clamp, bivector

traction, and halo traction.
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compared with Mayfield and halo (Figure 1). No significant
correlations existed between the number of levels fused and
segmental correction (Pearson r, P> 0.05).

DISCUSSION

The purpose of this study was to examine the differences in
sagittal alignment correction between three positioning
methods in cervical spinal deformity surgery. We found
significant improvements in postoperative alignment across
the entire cohort despite the positioning method utilized
(Table 4) with the majority of segmental correction occur-
ring at C4-5-6. These results confirm our hypothesis that
positioning technique did not affect postoperative sagittal
correction for patients with sagittal deformity with the
exception of bivector traction providing segmental correc-
tion at the cervicothoracic junction (P < 0.027).

Surgical positioning must allow adequate anatomic expo-
sure, ergonomic favorability for the surgeon, the ability to
visualize the spine fluoroscopically, and the prevention of
positioning related injuries to the patient. CD surgery can
create intraoperative instability as osteotomies are per-
formed and control is required to prevent injury to the
spinal cord.*’ Karikari et al® used bivector traction by
adapting Gardner-Wells tongs during posterior cervical
fusion. This positioning technique has several reported
advantages. The patient’s head can be maintained in flexion
during exposure, decompression, facet decortication, and
screw placement to allow for easier decortication and obli-
que screw trajectories and avoids excessive hyperextension,
which can lead to spinal canal narrowing, ligamentum
invagination, and laminae shingling.®” The neck can then
be moved into extension for arthrodesis. The position can
also be changed without the necessity of the surgical team
breaking scrub. The authors reported no complications
related to this technique and improvements in cervical
lordosis with the most common fusion levels between C2
and T3.° We report increased segmental correction at C7—
T1-T2 and the use of bivector traction may be more useful
for constructs that cross the cervicothoracic junction.
Despite an advantage at the cervicothoracic junction, there
was no overall difference in sagittal correction suggesting
that surgeons should use a positioning technique that they
are most comfortable with.
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This study has several limitations inherent to its retro-
spective nature and use of a database. The sample size is
relatively small and given the multicenter nature of the
study, the positions utilized may be more site specific than
patient specific resulting in variability. Additionally, the
cohort includes both cervical and cervicothoracic deformity.

In conclusion, postoperative cervical sagittal correction
or alignment was not affected by patient position. The
majority of segmental correction occurred at C4-5-6
across all positioning methods, while bivector traction
had the largest corrective ability at the cervicothoracic
junction. These are important considerations for surgical
planning in cervical deformity surgery.

> Key Points

O Post-operative cervical sagittal correction or
alignment was not affected by patient position.

@ The majority of segmental correction occurred at
C4—5-6 across all positioning methods.

0 Bivector traction has the largest corrective ability
at the cervicothoracic junction.
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