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Saavan Patel', Morteza Sadeh', Matthew K. Tobin’, Nauman S. Chaudhry’, Cristian Gragnaniello®,
Sergey Neckrysh'

'Department of Neurosurgery, University of Illinois at Chicago, Chicago, IL, USA; *Department of Neurological Surgery, Indiana University,
Indianapolis, IN, USA; *Department of Neurosurgery & Brain Repair, University of South Florida, Lakeland, FL, USA; *Swedish Neuroscience
Institute, Swedish Medical Center, Seattle, WA, USA

Contributions: (I) Conception and design: S Neckrysh, C Gragnaniello, NS Chaudhry, MK Tobin, S Patel; (II) Administrative support: S Neckrysh, C
Gragnaniello; (IIT) Provision of study materials or patients: S Neckrysh, C Gragnaniello; (IV) Collection and assembly of data: C Gragnaniello, MK
Tobin, S Patel; (V) Data analysis and interpretation: S Patel, MK Tobin, M Sadeh, C Gragnaniello; (VI) Manuscript writing: All authors; (VII) Final
approval of manuscript: All authors.

Correspondence to: Saavan Patel, MD. Neurological Surgery, PGY-1, Department of Neurosurgery, University of Illinois at Chicago, 912 South Wood
Street, 451-N, Chicago, IL 60612, USA. Email: Spate327@uic.edu.

Background: C7 instrumentation during posterior cervicothoracic fusion can be challenging because it
requires additional work of either placing side connectors to a single rod or placing two rods. Our clinical
observations suggested that skipping instrumentation at C7 in a multi-level posterior cervicothoracic
fusion will result in minimal intraoperative complications and decreased blood-loss while still maintaining
sagittal balance parameters of cervical fusion. The objective of this study is to determine the clinical and
radiographic outcomes of skipping C7 instrumentation compared to instrumenting the C7 vertebra in
posterior cervicothoracic fusion.

Methods: This is a retrospective chart review of 314 consecutive patients who underwent multilevel
posterior cervical fusion (PCF) at our institution. Out of 314 patients, 19 were instrumented at C7
serving as the control group, while the remaining 295 patients were not. Evaluation of efficacy was
based on intraoperative complications, operative time, estimated blood loss (EBL), significant long-term
complications, and radiographic evidence of fusion.

Results: Skipping the C7 level resulted in a significant reduction in EBL (488+576 vs. 822+1,137; P=0.007);
however, operative time was similar between groups (17495 vs. 184+86 minutes; P=0.844). Complications
were minimal in both groups and not statistically significant. Radiographic analysis revealed C7 bridge patients
had a significantly increased postoperative sagittal vertical axis (SVA) (29.3+13.1 vs. 20.2+3.1 mm; P=0.008);
however, there was no significant difference between groups in SVA correction (-0.3+16.2 vs. -16.1+16.0 mmy;
P=0.867), T1 slope correction (3.4°£9.9° vs. 3.2°£5.5°; P=0.127), or cervical cobb angle correction (-5.7°+14.2°
vs. =7.0°£12.2°; P=0.519). There were no significant long-term complications in either group.

Conclusions: Skipping instrumentation at C7 in a multilevel posterior cervicothoracic fusion is associated
with significantly reduced operative blood loss without loss of radiographic correction. This study
demonstrates the clinical benefits of skipping C7 instrumentation in posterior cervicothoracic fusion with

maintenance of radiographic correction parameters.
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Introduction

Degenerative cervical spine disease is a common
radiographic diagnosis in over half of patients over the age
of 55, and symptomatic disease is one of the most common
indications for neurosurgical intervention (1-8). Over the
past 30 years, rates of cervical spine surgery have increased
dramatically with rates of cervical spine fusion increasing by
206% between 1992 and 2005 alone (1,5). Cervical spinal
fusion is most commonly performed via an anterior or
posterior approach. Posterior cervical fusion (PCF) is often
indicated for patients with spinal stenosis, spondylosis, or
degenerative disc disorders that result in radiculopathy or
myelopathy; however, it can also be performed for a variety
of other spinal conditions including tumor, infection, or
deformity (9,10). PCF is also commonly used in conjunction
with anterior cervical fusion in cervical spondylotic
myelopathy patients with substantial kyphotic deformity
to provide adequate stabilization following anterior
decompression and fusion (11). This combined approach
becomes exceedingly important in multilevel procedures
as increased rates of pseudoarthrosis and adjacent segment
disease are reported in long-segment cervical fusions,
especially those ending distally at the C7 vertebral body
(11-15). PCEF offers the unique ability to extend arthrodesis
beyond the cervicothoracic junction (CTJ) with minimal
additional surgery thereby maintaining spinal alignment
and preventing instability (11-13). While the extension
of PCF into the upper thoracic spine is well documented,
there remains a relative paucity of literature regarding
specific procedural elements and complications associated
with posterior spinal fusion (PSF) across the CT]J.
Historically, instrumentation of the CTJ has presented
a major problem for treating physicians due to the unique
biomechanical properties of the transition between cervical
and thoracic spine. Primarily, the CTJ includes the C7
vertebra, the T1 vertebra, the disc between these two
vertebrae, and associated ligaments; however, functional
definitions additionally include the T2 and T3 vertebrae as
they are involved in most fusion constructs of the CTJ (16).
The CT]J represents a transitional region between the mobile
and lordotic nature of the cervical spine to the rigid and
kyphotic nature of the thoracic spine. Additionally, the size
of the posterior elements changes significantly from lower
cervical to upper thoracic spine. Lateral masses, commonly
instrumented in PCF gradually decrease in thickness from
C5-C7; however, the C7 lateral mass is in morphological
transition between a cervical spine lateral mass and a
transverse process of the thoracic spine (16,17). Conversely,
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pedicles (instrumented in both cervical and thoracic spine
to achieve posterior fusion) gradually increase in size
progressing from lower cervical to upper thoracic vertebral
bodies (16,17). In addition to changes in pedicle height
and width, the angle of the pedicle on the vertebral body
changes significantly through the CT] as well and must be
taken into account upon insertion of pedicle screws (16,17).
Screws placed in C7 (whether pedicle or lateral mass) lie in a
different anatomical plane and necessitate either aggressive
rod bending on the coronal plane, potentially weakening the
rod, or the use of side connectors, which can be unwieldy
and time-consuming, posing risks of increased operative
time on patients and blood loss as well as affect deformity
correction on the coronal plane (18). Thus, the combination
of these changes produces significant difficulty in posterior
fusion across the CTJ.

Pedicle screws are preferred to lateral mass screws at C7
due to the superior biomechanical profile (16,19). However,
structurally, the decreased pedicle area of C7 can potentially
compromise the strength of the entire construct spanning
the CTJ (18). While, overall, posterior fusion of the CT]J
has become increasingly safer with only 1-2% incidence
of radiculopathy and extremely rare incidence of vascular
injuries, the challenges of instrumentation at C7 specifically
can potentially pose undue risk of hardware failure and put
patients at risk of further neurological deterioration (20).
Our previous study of 53 patients that underwent posterior
instrumentation skipping C7 fixation showed decreased
operative blood loss and faster operative times without
compromising long-term radiographic fusion (19). In the
current study we analyze a retrospective cohort analysis of
314 patients undergoing posterior cervicothoracic fusion in
order to evaluate the clinical and radiographic benefits of
skipping C7 instrumentation (termed “C7 bridge” by the
authors). We present the following article in accordance
with the STROBE reporting checklist (available at https://
jss.amegroups.com/article/view/10.21037/jss-21-85/rc).

Methods
Patient population

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by Institutional Review Board of The University
of Illinois at Chicago (Approval number: UIC #2014-0137)
and individual consent for this retrospective analysis was
waived. 314 patients were identified who underwent PSF
across the CTJ between November 2010 and September
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Figure 1 Pre-operative cervical spine X-ray with radiographic
measurements including sagittal vertical alignment, T1 slope,
and cervical cobb angle. Purple lines: top-straight line connecting
anterior and posterior arches of C1, middle-line identifying inferior
endplate of C2, bottom-line identifying superior endplate of T'1.

T1-CL, T1-cervical lordosis; cSVA, cervical sagittal vertical axis.

2019 at our institution. Retrospective chart review was
performed on all of these cases. Inclusion criteria consisted
of: age over 18 years old, posterior approach for spinal
fusion procedure, and multi-level instrumentation across
the CTJ. The control group for our study consisted of 19
out of these 314 patients who underwent instrumentation at
the C7 vertebra. Instrumentation at C7 was performed for a
variety of reasons including technical inability to instrument
C6 or T1 vertebral levels, prior anterior fusion at C7,
fracture of C7, and cage placement.

Each patient’s clinical documentation, operative reports,
anesthesia reports, nursing records, and postoperative
follow-up documentation, and radiographic imaging were
thoroughly reviewed, and data was recorded regarding age,
clinical diagnosis, surgery performed, staging of surgery
(standalone or as part of a 1, 2, or 3 stage procedure),
vertebral levels instrumented, presence of instrumentation
at C7 vertebra, intraoperative complications, operative
time, estimated blood loss (EBL), bone-morphogenetic
protein (BMP) utilization, time to postoperative follow-up,
significant long-term complication, and documentation of
long-term radiographic fusion. Long-term complications
were identified on post-operative follow-up and included
hardware failure, wound infections, worsening pain (relative
to preoperative symptoms), or muscle weakness.
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Surgical procedures

Posterior cervicothoracic fusion was performed either as
a standalone approach (stage 0) or as part of a multistage
surgical plan (stages 1-3). Surgeries were performed by
the same team of surgeons at our institution with operative
technique as detailed below. Two-stage surgical plans
involved anterior cervical discectomy and fusion (ACDF)
in addition to posterior fusion, and three-stage surgical
plans involved removal of previous failed hardware in
addition to the two-stage procedures. Intraoperative neuro-
monitoring was utilized throughout the procedure with
pre-and-post positioning signals recorded for baseline.
Motor-evoked potentials were recorded in four downstream
muscle groups bilaterally. A midline longitudinal posterior
incision was made and extended along all spinal levels to
be instrumented. Posterior spinal elements were carefully
dissected to expose anatomical landmarks (cervical lateral
masses and thoracic pedicles). Cervical instrumentation was
placed in lateral masses according to An’s method while
thoracic instrumentation was placed in thoracic pedicles
following cannulation according to standard Lenke’s
technique. Intra-operative AP and lateral radiographs
as well as a O-arm intraoperative CT scan were used to
confirm proper positioning of instrumentation. In C7
bridge procedures, screws were placed bilaterally at C6 and
T1, with rods secured across the junction. Laminectomy
was performed using a high-speed drill and rongeurs for
cases in which decompression was indicated. In certain
cases, multistage fusion was accomplished via PSF done
in conjunction with anterior instrumentation. Contouring
of rods was performed prior to securing in screw tulips
in order to achieve optimal degrees of cervical lordotic/
thoracic kyphotic correction. Thorough decortication
and bone graft placement (+/- BMP) were performed to
promote successful bony arthrodesis. In C7 bridge cases,
fusion construct was extended at least 2 vertebral levels
above and below C7 in order to ensure construct stability.

Radiographic follow-up

Analysis of postoperative lateral X-ray imaging was
performed to assess postoperative fusion stability. Values
of sagittal vertical axis (SVA), T1 slope, and cervical cobb
angle (both pre-and-post-operatively) were obtained using a
validated software, Surgimap® by Nemaris, Inc. (Figures 1,2,
respectively) (21). Indicators of successful fusion included
lack of hardware malfunction, lack of instrument loosening
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Figure 2 Post-operative cervical spine X-ray with radiographic
measurements including sagittal vertical alignment, T'1 slope,
and cervical cobb angle. Purple lines: top-straight line connecting
anterior and posterior arches of Cl1, middle-line identifying
inferior endplate of C2, bottom-line identifying superior endplate
of T1. CL, cervical lordosis; T1-CL, T1-cervical lordosis; cSVA,

cervical sagittal vertical axis.

or displacement, spinal stability, lack of vertebral fractures,
and bony fusion seen on postoperative radiographs. In
the control group, 9 (47.4%) patients had satisfactory
preoperative and postoperative imaging. In the C7 bridge
group, 166 (56.2%) had satisfactory preoperative imaging
and 177 (60.0%) had satisfactory postoperative imaging.

Statistical analysis

Fisher’s exact tests were used to analyze all categorical data
and unpaired #-tests or 2-way analyses of variance were used
to analyze all parametric data using SPSS software (version
26.0, IBM, Armonk, New York, USA). Data are presented
as the mean +/- standard deviation, and a probability value
of less than 0.05 was considered statistically significant.

Results
Patient demographics

A total of 314 patients met all inclusion criteria with
19 patients in the control group and 295 patients in the
C7 bridge group. The control group consisted of 11 male
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(57.9%) and 8 female (42.1%) patients. The C7 bridge
group consisted of a similar gender distribution with
170 male (57.6%) and 125 female (42.4%) patients. In
terms of age, the average age of the control group was
63.0+10.6 years, which did not significantly differ from
the average age of the C7 bridge group which was
58.7+14.4 years (P=0.704). The most common primary
diagnoses for which patients in the C7 bridge group
received PSF were cervical myelopathy (56.6%),
pseudoarthrosis/hardware failure (11.5%), vertebral fracture
(10.5%), and kyphotic deformity (6.4%). Similarly, in the
control group, the most common primary diagnoses were
cervical myelopathy (68.4%), pseudoarthrosis/hardware
failure (10.5%), vertebral fracture (10.5%), and cord
compression (5.3%) (Tuble I).

Operative results

The clinical outcomes of skipping C7 instrumentation
were determined by comparing surgical data between
control and C7 bridge groups (1zble 2). The majority of
patients in both the C7 bridge group and the control group
underwent PSF across the CT]J as a standalone procedure
or a stage 1 of a multi-staged procedure; however, a
significantly greater proportion of patients in the control
group underwent standalone or stage 1 procedures (n=17,
89.5%) compared to patients in the C7 bridge group (n=193,
65.4%) (P<0.001). Accordingly, a significantly greater
proportion of patients in the C7 bridge group underwent
PSF as stage 2 or stage 3 of a multi-staged procedure (n=102,
34.6%) compared to patients in the control group (n=2,
10.5%) (P<0.001). Other stages of multi-staged procedures
commonly involved ACDF as well as removal of failed
hardware. Patients in the C7 bridge group had significantly
decreased overall EBL compared to patients in the control
group (488+576 vs. 822+1,137 mL respectively, P=0.007).
Additionally, when comparing staged approaches, patients
in the C7 bridge group that received standalone or stage 1
procedures had significantly decreased EBL compared to
patients in the control group (498628 vs. 845+1,186 mL,
respectively, P=0.022). There was no significant difference
between groups in patients who received PSF as stage 2 or
stage 3 of a multi-staged operation. In regard to operative
time, there was no significant difference in total operative
time between the C7 bridge group and the control group.
However, in terms of the number of vertebral levels
fused, patients in the C7 bridge group had significantly

more vertebral levels fused per operation (7.5+1.7 levels,
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Table 1 Patient demographics

Baseline characteristics Control (N=19) C7 bridge (N=295) P value
Sex: male 11 (57.9) 170 (57.6) 0.963
Mean age, years 63.0+10.6 58.7+14.4 0.704

Primary diagnosis

Cervical myelopathy 13 (68.4) 167 (56.6) 0.730
Pseudoarthrosis/hardware failure 2 (10.5) 34 (11.5)

Vertebral fracture 2 (10.5) 31(10.5)

Kyphotic deformity 0 (0) 19 (6.4)

Osteomyelitis 0 (0) 11 3.7)

Cord compression 1(5.3) 9 (3.1)

Cancer mass/metastasis 0(0) 8 (2.7)

Ankylosing spondylitis 0 (0) 5(1.7)

Central cord syndrome 0 (0) 4 (1.4)

Other* 1(5.3) 7 (2.4)

Numbers in parentheses are percentages. *, other diagnoses include traumatic spondylolisthesis, epidural lesion, extradural lesion,
cervical AVM, and vertebral lytic lesion. AVM, arteriovenous malformation.

Table 2 Operative characteristics

Surgical characteristics Control (N=19) C7 bridge (N=295) P value

Stage of surgical plan*® <0.001*
Standalone/stage 1 17 (89.5) 193 (65.4)

Stage 2/3 2(10.5) 102 (34.6)

Blood loss (mL) 822+1,137 488+576 0.007*
Standalone/stage 1 845+1,186 498+628 0.022*
Stage 2/3 625+813 470+465 0.295

Operative time (min) 184+86 174195 0.844
Standalone/stage 1 181+90 158+81 0.410
Stage 2/3 201+95 207+115 0.547

Levels fused (range) 7.3+2.5 (3.0-11.0) 7.5+£1.7 (3.0-17.0) 0.019*

Intraoperative complications™* 1(5.3) 9(3.1) 0.299

BMP usage 4(21.1) 89 (30.2) 0.042*

Length of follow-up (months) 12.9+£16.2 13.9+15.4 0.307

Long-term complications’ 2 (10.5) 19 (6.4) 0.265

Long-term radiographic fusion®* 10 (90.9) 105 (82.0) 0.097

Numbers in parentheses are percentages. *, posterior spinal fusion was performed as a standalone procedure or as part of a multistage
surgical plan; **, intraoperative complications include durotomy, vertebral artery injury, loss of motor signals, extruded anterior implant, and
fractured C7 body; ', long-term complications include pseudoarthrosis/hardware failure, adjacent segment disease, proximal junctional
kyphosis, and distal junctional kyphosis; ¥, N=11 in control group; N=128 in C7 skip group with long-term radiographic data available; *,
P<0.05. BMP, bone morphogenic protein
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range 3-17) compared to patients in the control group
(7.3£2.5 levels, range 3-11) (P=0.019) as expected for
biomechanical buttress effect (22). BMP was utilized
significantly more frequently in the C7 bridge group than
the control group (30.2% wvs. 21.1% respectively, P=0.042).
BMP usage was off label for selected cases, especially for
patients with pseudo-arthrosis.

Intraoperative and long-term complications

The safety of skipping C7 instrumentation was determined
by comparing intraoperative and long-term complications
between the C7 bridge and control groups (Zable 2). There
was no significant difference in the rate of intraoperative
complications between the control group and the C7
bridge group (5.3% vs. 3.1% respectively, P=0.299).
One patient (5.3%) in the control group had intraoperative
complications associated with morbid obesity (body mass
index >44) that prolonged operative time by over 1 hour.
A total of 9 patients (3.1%) in the C7 bridge group had
intraoperative complications. Three of these patients
experienced incidental durotomies that were all repaired
intraoperatively, two patients had vertebral artery injuries,
two patients had decreased upper extremity motor signals
on neuromonitoring, one patient had intraoperative
fracture of C7 vertebra prolonging operative time, and one
patient had extrusion of an anterior implant which required
additional stage 3 operation for revision.

Length of follow up was similar in both groups at
12.9+16.2 months in the control group and 13.9+15.4 months
in the C7 bridge group (P=0.307). 4 deaths were recorded
in the follow-up period, however none occurred during
immediate postoperative period nor were they related to
the PSF operation. Within the postoperative follow-up
period, there were 2 (10.5%) complications in the control
group and 19 (6.4%) in the C7 bridge group (P=0.265).
One patient in the control group presented with new onset
acute neck pain and muscle spasms that resolved with pain
management and required no further intervention; the
other patient experienced postoperative wound infection
requiring wound exploration and washout. In the C7 bridge
group, postoperative complications included 8 patients with
wound drainage/infection requiring exploration and washout,
10 patients experienced hardware failure/pseudoarthrosis
requiring revision surgery, and one patient with superior
laryngeal nerve neuropraxia with gradual improvement over
the follow-up period. All other patients underwent uneventful
postoperative courses.

© Journal of Spine Surgery. All rights reserved.

Radiographic outcomes

Immediate postoperative radiographs were assessed in
both groups to confirm proper hardware placement,
spinal stability and alignment. Analysis and comparison of
preoperative and postoperative biomechanical parameters
revealed that compared to controls, patients in the C7
bridge group had similar preoperative SVA (P=0.793)
but significantly greater postoperative SVA (20.2+3.1 vs.
29.3+13.1 mm, P=0.008). However, there was no significant
difference in millimeters of overall SVA correction between
groups (P=0.867). Preoperative (P=0.499) and postoperative
(P=0.069) T1 slope measurements were similar between the
groups, as was the degree of T'1 slope correction (P=0.127).
Lastly, preoperative cervical cobb angle was significantly
lower in C7 bridge patients compared to controls
(-4.0°£15.4° vs. -1.3°£26.3° respectively, P=0.016); however,
there was no difference in postoperative cervical cobb angle
measurement (P=0.376) or degree of cervical cobb angle
correction between the groups (P=0.519) (Table 3). Follow-
up radiographs throughout the postoperative course revealed
similar rates of successful fusion in both groups with 90.9%
of patients in the control group and 82.0% of patients in the
C7 bridge group achieving long-term radiographic fusion
(P=0.097) (Table 2).

Discussion

Our study aimed to determine the clinical and radiographic
benefits of skipping C7 instrumentation in multi-level PSF
crossing the CTJ. We hypothesized that skipping C7 could
improve clinical outcomes without sacrificing postoperative
radiographic correction or fusion. Our analysis revealed
that skipping C7 instrumentation results in significantly
decreased operative blood loss with no loss of radiographic
correction and a similar rate of long-term radiographic
fusion. Thus, skipping C7 instrumentation provides a safer
technique of achieving PSF across with CTJ compared to
instrumenting C7.

The C7 vertebra is anatomically unique, and thus imposes
significant difficulties regarding instrumentation placement
as well as construct integrity. Pedicle height, width, and
angulation on the vertebral body change significantly
through the CT]J with the C7 vertebral body at the epicenter
of this transition. Significant consideration must be given
to these anatomical changes in order to properly place
pedicle screws in the C7 vertebral body (16). Additionally,

representing the junction between the mobile cervical
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Table 3 Radiographic data
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Radiographic measurements Control (N=9) C7 bridge (N=177) P value
SVA (mm)
Preoperative 32.9+15.9 28.9+18.9 0.793
Postoperative 20.2+3.1 29.3+13.1 0.008"
Correction -16.1+£16.0 -0.3+16.2 0.867
T1 slope (degrees)
Preoperative 30.3+7.2 28.4+10.7 0.499
Postoperative 30.8+4.4 32.2+10.0 0.069
Correction 3.2+5.5 3.4+9.9 0.127
Cobb angle (degrees)
Preoperative -1.3+26.3 -4.0+15.4 0.016"
Postoperative 0.2+20.8 -11.4+13.1 0.376
Correction -7.0£12.2 -5.7+14.2 0.519

* P<0.05. SVA, sagittal vertical axis.

spine and the rigid thoracic spine, the C7 segment is under
increased biomechanical stress and prone to complications
such as implant failure and adjacent-segment disease when it
is the last segment instrumented in multi-level PCF (23-25).
Thus, it has long been proposed that extension of posterior
fusion constructs across the CTJ to end distally at T1 or
T2 can potentially reduce stress placed on the C7 vertebra
and subsequently reduce rates of hardware failure or distal
junctional degeneration. Osterhoff ez 4/. found that patients
with multisegmental PCF terminating distally at T1/T2
had a decreased rate of clinically symptomatic pathology at
the adjacent level below the instrumentation compared to
those whose instrumentation ended at C7 (25). Nagashima
et al. found that concomitant screw placement adjacent to
the C7 vertebra, in either the C6 or the T1 vertebral body,
imparts a buttress effect on the C7 pedicle screw dissipating
the force from leverage and reducing stress concentration
thereby reducing rates of implant failure (19,22). Thus, in
theory, given the anatomical difficulties in instrumenting
C7 combined with the improved outcomes of extending
multi-level PCF across the CT]J to T1 or T2, skipping C7
instrumentation in posterior cervicothoracic fusion could
improve safety without sacrificing stability.

Our study of 314 total patients, 295 of which were not
instrumented at C7, found that skipping C7 resulted in
significantly decreased operative blood loss compared to
patients who received C7 instrumentation. We initially

© Journal of Spine Surgery. All rights reserved.

hypothesized that this may be due to decreased operative
time considering one fewer vertebral levels requires
instrumentation and time spent fashioning the needed
coronal bent for a single rod construct or adding a second
rod to join a second rod with side connectors. However,
operative time did not significantly differ between groups.
Interestingly, patients in the C7 bridge group did have a
significantly greater average number of vertebral levels
fused per operation compared to the control group ranging
anywhere from 3-17 vertebral levels fused. Furthermore,
the functional operative time per level fused would be
lower in the C7 skip group than the control. Thus, perhaps
skipping C7 does permit faster operation and subsequently
decreased blood loss, while longer fusions overall accounted
for lack of significant difference in operative time between
groups. There was no significant difference in long term
complication rates between those who were instrumented
at C7 and those who were not, including any recorded
incidence of hardware failure or pseudoarthrosis requiring
revision surgery. None of the control group patients
experienced hardware failure in comparison to 10 patients in
the C7 bridge group (3.4%). While this may seem to indicate
that skipping C7 results in increased rates of hardware failure,
this is more likely the result of our limited cohort of patients
receiving instrumentation at C7. According to Okamoto et 4.
the overall rate of hardware failure in PCF is 4.2%, thus our
findings would indicate that skipping C7 results in potentially
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reduced incidence of hardware failure compared to rates
reported in the literature (26).

The most significant concern with skipping
instrumentation at any level during PSF is reduced
construct stability and loss of correction in spinal alignment.
Our study found that based on comparison of radiographic
parameters such as SVA, T1 slope, and cervical cobb angle
between preoperative and postoperative radiographs,
skipping C7 instrumentation did not significantly affect
correction of any of these parameters compared to those
with instrumentation at C7. While there is no defined
optimal correction of cervical spine curvature, it is generally
recommended to return spinal alignment to neutral
position (27). Thus, our study shows that constructs in
which C7 instrumentation is skipped are still able to
maintain sagittal balance. Additionally, analysis of follow-
up imaging showed that there was no significant difference
between rates of long-term radiographic fusion either
(with average mean follow up of ~1 year in both groups)
suggesting that skipping C7 still permits adequate bony
fusion and postoperative spine stability. To our knowledge,
skipping C7 instrumentation is commonly done, but very
little literature is available regarding long-term outcomes
and potential failures of these constructs including implant
failure, non-union/pseudarthrosis, or loss of radiographic
correction. Our previous study found similar results;
however, it was limited by its small sample size and this
study scaled up nearly 3-fold (19).

The current study also describes an off-label use of BVMIP
to augment local autograft in the facilitation of bony fusion
in the cervical spine. BMP was used significantly more
frequently in the C7 bridge group. While the FDA issued
a formal warning in 2008 regarding the risk for airway
complications with the use of BMP in cervical spine fusion,
we did not see any such complications over the 10-year
course of our study (28). In fact, the C7 bridge group, in
whom significantly more patients received BMP, had a
lower overall complication rate (6.4%) than the control
group (10.5%) though not statistically significant. While
we acknowledge the potential for complications in a larger
study, BMP has been used safely in our institution over the
past decade and course of this study.

Limitations

Our study is limited by relatively unbalanced comparison
considering of the 314 total patients, only 19 received C7
instrumentation. Similarly, adequate radiographic data

© Journal of Spine Surgery. All rights reserved.

was not available for all patients in either group, thus
the sample sizes were smaller for radiographic analyses.
Limitations inherent to retrospective analyses also exist in
our study including potential for selection bias based on
surgeon practice, loss of patient information, and patients
lost to follow-up. All the included procedures and follow-
up care occurred at a tertiary academic center, slightly
limiting generalizability, and the senior author always led
the surgical team performing each procedure, minimizing
variation in technique for the C7 skip approach to PSF

surgery.

Conclusions

Skipping C7 instrumentation results in clinically safer
operation with significantly reduced operative blood loss
without sacrificing long-term stability, fusion, or correction.
Given the challenges associated with instrumenting C7
and its unique anatomical characteristics, skipping C7
instrumentation provides a valuable and effective technique
in PSF across the CTJ without imparting undue risks of
instrumenting the C7 vertebra. Further prospective studies
with larger, better matched sample sizes and data from strict
3, 6, and 12-month follow-up are recommended in order
to perform comprehensive analysis regarding clinical and
radiographic outcomes of skipping C7 instrumentation in
posterior cervicothoracic fusion.
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