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Background: The study aims to evaluate differences in alignment and clinical outcomes between surgical
cervical deformity (CD) patients with a subaxial upper-most instrumented vertebra (UIV) and patients with
a UIV at C2. Use of CD-corrective instrumentation in the subaxial cervical spine is considered risky due to
narrow subaxial pedicles and vertebral artery anatomy. While C2 fixation provides increased stability, the
literature lacks guidelines indicating extension of CD-corrective fusion from the subaxial spine to C2.
Methods: Included: operative CD patients with baseline (BL) and 1-year postop (1Y) radiographic data,
cervical UIV ≥ C2. Patients were grouped by UIV: C2 or subaxial (C3-C7) and propensity score matched
(PSM) for BL cSVA. Mean comparison tests assessed differences in BL and 1Y patient-related, radiographic,
and surgical data between UIV groups, and BL-1Y changes in alignment and clinical outcomes.
Results: Following PSM, 31 C2 UIV and 31 subaxial UIV patients undergoing CD-corrective surgery
were included. Groups did not differ in BL comorbidity burden (P=0.175) or cSVA (P=0.401). C2 patients
were older (64 vs. 58 yrs, P=0.010) and had longer fusions (9 vs. 6 levels, P=0.002). Overall, patients showed
BL-1Y improvements in TS-CL (P<0.001), cSVA (P=0.005), McGS (P=0.004). Cervical flexibility was
maintained at 1Y regardless of UIV, assessed by CL flexion (−0.2° vs. 6.0°, P=0.115) and extension (13.9° vs.
9.9°, P=0.366). While both subaxial and C2 patients showed BL-1Y improvements in McGS (both P<0.030),
C2 patients improved to a larger degree (7.3° vs. 6.2°). Between UIV groups, there were no differences in
BL-1Y changes in HRQLs, overall complication rates, or operative complication rates (all P>0.05).
Conclusions: C2 UIV patients showed similar cervical range of motion and baseline to 1-year functional
outcomes as patients with a subaxial UIV. C2 UIV patients also showed greater baseline to 1-year horizontal
gaze improvement and had complication profiles similar to subaxial UIV patients, demonstrating the
radiographic benefit and minimal functional loss associated with extending fusion constructs to C2. In the
treatment of adult cervical deformities, extension of the reconstruction construct to the axis may allow for
certain clinical benefits with less morbidity than previously acknowledged.
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Introduction
Cervical deformity (CD) is a complex pathology associated
with a wide range of etiologies and presentations,
commonly manifesting in cervical kyphosis. Given the
heterogenous nature of CD, a wide range of surgical
techniques exist for operative management of CD,
including anterior-only, posterior-only, and combined
surgical approaches. Regardless of the case-specific surgical
options, the primary goals of CD-corrective surgery are
unchanging: improvement of health-related quality of
life (HRQL), creation of a biomechanically secure fusion
construct, achievement of solid bony fusion, and restoration
of harmonious cervical alignment (1).
Fixation at the second cervical vertebra (C2) has been
shown to provide substantial segmental control and 3
column stability in both cadaveric studies and clinical
studies in surgical spine populations (2,3). Although
patient-specific anatomy, deformity location, deformity
flexibility, and degeneration of adjacent levels are all
important considerations in the surgical planning process,
C2 is typically considered an effective anchoring location
for posterior instrumentation, particularly pedicle screws,
due to its relatively large pedicle diameter as compared to
subaxial vertebrae (4,5). In contrast, fixation in the subaxial
cervical spine, while routinely performed for cervical
instability, is considered to be more precarious due to
risk of laminar cortical breach, facet joint violation, and
neurovascular anatomy from C3−C6 (6). For older patients
and patients with poor bone quality who are indicated for
subaxial fixation, extension of the fusion to C2 may provide
a stronger instrumentation construct; however, this is
underexplored in the literature.
To date, the literature is lacking studies demonstrating
clinical and radiographic indications for extending CDcorrective fusions from the subaxial spine to C2. As such,
the purpose of this study was to assess differences in both
radiographic alignment and clinical outcomes between
surgical CD patients with subaxial upper-most instrumented
vertebrae (UIV) and patients with UIV at C2. We
hypothesize that amongst severe cervical deformities, CD-
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corrective fusions with instrumentation ending at C2 allow
for optimal fixation and restoration of alignment, while
achieving equivocal operative outcomes, equivocal loss of
function, and limited patient morbidity.
Methods
Data source
This study is a retrospective review of a prospective,
multicenter CD database. Consenting patients were
consecutively enrolled at 13 surgical centers across the
United States from 2013−2017. All participating centers
obtained Institutional Review Board approval prior to patient
enrollment. Inclusion criteria for the database were age
>18 years and radiographic evidence of CD, as defined by the
presence of at least one of the following on baseline imaging:
cervical kyphosis (C2−C7 sagittal Cobb angle >10°), cervical
scoliosis (C2−C7 coronal Cobb angle >10°), C2−C7 sagittal
vertical axis (cSVA) >40 mm or chin-brow vertical angle
(CBVA) >25°. Additional inclusion criteria for the present
analysis included available 1-year postoperative (1Y) sagittal
radiographic imaging and UIV at or cranial to C2.
Data collection and radiographic assessment
Standardized data collection forms captured patient
demographics, comorbidities, and imaging studies at the
preoperative interval. Operative and complication data were
collected following surgery. Standardized HRQL measures
were administered at baseline and 1Y study intervals, and
included the neck disability index (NDI), numeric rating
scale (NRS) for both neck and back pain, the modified
Japanese Orthopedics Association (mJOA) outcomes
questionnaire, and the EuroQol 5-dimensions 3-severitylevel (EQ-5D) questionnaire.
Preoperative standing lateral radiographs were collected
at baseline and 1Y intervals, and analyzed with SpineView®
(ENSAM, Laboratory of Biomechanics, Paris, France)
software as previously published (7-9). Cervical spine
flexibility was assessed at 1Y using cervical lateral flexion
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and extension radiographs. Global sagittal alignment
was assessed based on the sagittal vertical axis (SVA, C7
plumbline relative to the posterosuperior corner of S1).
Regional radiographic parameters, including thoracic
kyphosis (TK; T4−T12), lumbar lordosis (LL; L1−S1),
pelvic tilt (PT), pelvic incidence (PI), T1 slope, C2−C7 SVA,
cervical lordosis (CL), C0−C2 lordosis, and McGregor’s
Slope (McGS), were measured as previously described in
the literature (10-12). Mismatch between PI and LL (PI-LL)
and the cervical analogue, mismatch between T1 slope and
CL (TS-CL), were calculated as assessments of harmonious
lumbopelvic and cervical alignment, respectively.
Statistical analysis
Patients were grouped by UIV: C2 or subaxial (C3−C7).
To control for differences in preoperative cervical sagittal
alignment, the two groups were propensity score matched
(PSM) for cSVA. Propensity score matching is a regressionbased case control matching technique that simulates a
randomization process, effectively attenuating differences
between groups in measured independent variables (13).
Demographic, radiographic, clinical, and surgical variables
were summarized using means and standard deviations for
continuous variables, and frequencies and percentages for
categorical variables. Differences in baseline demographics,
surgical factors, radiographic alignment, and clinical
outcomes between groups were assessed using independent
samples independent samples t-tests for normally
distributed continuous variables, Mann Whitney U tests
for non-normally distributed continuous variables, chisquared tests for categorical variables, and Fisher exact tests
for categorical comparisons with expected counts less than
5. Baseline to 1Y changes in alignment were assessed with
paired samples t-tests for normally distributed parameters,
and Wilcoxon signed-rank tests for non-normal parameters.
All statistical analysis was performed using SPSS software
(v23.0, IBM, Armonk, NY, USA).
Results
Patient and surgical overview
This study included 84 patients (63% female, 61±11 years,
29.4±8.3 kg/m 2) undergoing surgical management for
CD (7.6±3.5 levels fused, 33.3% posterior-only approach,
17.9% anterior-only, 48.8% combined). Overall, there were
43 patients with a C2 UIV and 41 patients with a subaxial
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UIV. UIV groups did not differ in age (P=0.059), sex
(P=0.157), BMI (P=0.922), or Charlson comorbidity index
score (P=0.222); however, C2 UIV patients underwent
longer fusions (subaxial UIV: 6.0 levels vs. C2 UIV:
9.0, P<0.001) and presented with more severe baseline
radiographic deformity, including cSVA (subaxial UIV: 38
mm vs. C2 UIV: 41 mm), C2 slope (subaxial UIV: 45° vs. C2
UIV: 35°), and McGS (subaxial UIV: 8.7° vs. C2 UIV: 1.5°).
After propensity score matching, 62 patients were included:
31 subaxial UIV, and 31 C2 UIV. Primary apex of CD did
not differ between UIV groups (P=0.464). Differences
between C2 UIV and subaxial UIV patients with respect to
demographics, comorbidity burden, and surgical factors are
outlined in Table 1.
Overall alignment outcomes
In the overall matched cohort, surgery effectively addressed
cervical and upper-cervical malalignment, with the overall
cohort showing significant baseline to 1Y improvements
in TS-CL (40.4° to 28.1°, P<0.001), cSVA (40.2 mm to
34.5, P=0.005), C0−C2 lordosis (34.5° to 29.2°, P=0.005),
and McGS (5.7° to −1.1°, P=0.004). These changes were
accompanied with significant improvement in global
alignment, as assessed by SVA (4.5 to 26.5 mm, P=0.003).
There were no baseline to 1Y changes in spinopelvic
alignment, as assessed by PT (18.5° to 18.1°, P=0.602) and
PI-LL (0.1° to 1.1°, P=0.407); however, the overall cohort
showed a significant baseline to 1Y increase in TK (40° to
44°, P=0.003) and T1 slope (30.5° to 35.1°, P=0.003).
Alignment outcomes by UIV group
Prior to surgery, C2 UIV patients presented with
significantly greater McGregor’s Slope than subaxial UIV
patients (subaxial UIV: 0.7° vs. C2 UIV: 10.4°, P=0.022),
indicating greater disruption of horizontal gaze. All other
cervical, thoracic, and global parameters did not differ
between groups at baseline: TS-CL, cSVA, C0-C2, C0, C1,
C2, and T1 slopes, TK, SVA, PT, and PI-LL (all P>0.050).
Similarly, baseline to 1-year postoperative changes in
radiographic alignment did not differ between groups
for any of the aforementioned radiographic parameters
(all P>0.050). Table 2 summarizes baseline to 1-year
postoperative changes in alignment within UIV groups. Of
note, while both subaxial and C2 UIV patients improved
in CL and McGregor’s slope by 1Y (Table 2), C2 UIV
patients improved in both of these parameters to a greater
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Table 1 Univariate comparison of demographic and surgical
variables between patients with a subaxial upper-most instrumented
vertebra (UIV) and patients with a UIV at C2
Subaxial UIV
(N=31)

Variable

C2 UIV
(N=31)

P value

Demographic description
Age (years)

64.0±9.1

0.010

74.2%

51.6%

0.066

Body mass index (kg/m )

29.4±8.8

29.9±8.9

0.750

Charlson comorbidity
index (CCI)

0.54±0.69

1.17±1.52

0.154

History of smoking

6.7%

6.5%

1.000

Diabetes mellitus

9.7%

9.7%

1.000

Osteoporosis

12.9%

9.7%

1.000

Depression

32.3%

25.8%

0.576

6.3±3.3

9.0±3.2

0.002

2

Parameter

cSVA

TS-CL

C0-C2

C0 slope

C1 slope

Surgical description
Levels fused
Estimated blood loss (cc)

591.8±784.5 998.7±874.6

0.003

Operative time (min)

503.8±431.9 463.9±257.5

0.622

Approach

C2 slope

CL

0.001

Anterior

35.5%

0.0%

Posterior

35.5%

58.1%

Combined

29.0%

41.9%

Any

38.7%

54.8%

0.203

Smith-Petersen

12.9%

25.8%

0.335

Pedicle subtraction

16.1%

16.1%

1.000

Vertebral column
resection

3.2%

3.2%

1.000

32.3%

71.0%

0.002

McGregor’s
slope

Baseline

1-year

P value

Subaxial

39.1±21.0

31.9±15.2

0.007*

C2

41.4±20.3

37.1±14.0

0.164

Subaxial

36.3±19.2

23.1±9.4

0.001*

C2

44.5±24.4

33.0±15.1

0.015*

Subaxial

33.9±11.1

27.9±10.8

0.019*

C2

35.0±11.5

30.5±11.7

0.097

Subaxial

−3.2±15.5

−10.8±10.5

0.023*

C2

3.6±15.2

−4.2±8.8

0.012*

Subaxial

−2.0±20.2

−13.6±10.2

0.005*

C2

6.2±18.9

−2.8±14.8

0.018*

Subaxial

36.3±20.5

23.4±9.6

0.001*

C2

45.1±24.5

31.7±15.7

0.005*

Subaxial

−5.8±21.0

10.1±14.4 <0.001*

C2

−10.7±18.7

7.7±14.9 <0.001*

T1 slope

TK

0.7±11.7

−5.5±7.8

0.023*

C2

10.2±15.6

2.9±8.0

0.026*

Cervical spine flexibility by UIV group
At 1Y, there were no differences between UIV groups in CL

Subaxial

30.1±17.1

32.2±14.6

0.309

C2

30.9±14.4

37.9±12.7

0.002*

Subaxial

−37.7±16.7

−42.2±15.5

0.007*

C2

−42.6±14.9

−45.4±15.8

0.134

Spinopelvic and global parameters
SVA

PT

degree (for CL, subaxial UIV: 15.9° vs. C2 UIV: 18.4°; for
McGS, subaxial UIV: 6.2° vs. C2 UIV: 7.4°), although these
differences were statistically insignificant (P=0.664 and
P=0.773, respectively). C2 UIV patients also showed a trend
of greater baseline to 1Y improvement in T1 slope (subaxial
UIV: 2.0° vs. C2 UIV: 7.0°, P=0.085).

© Journal of Spine Surgery. All rights reserved.

Subaxial

Thoracic and cervicothoracic parameters

Osteotomy

Decompression

UIV group

Cervical parameters
57.1±10.9

Sex (% female)

Table 2 Univariate comparison of baseline and 1-year postoperative
changes in radiographic alignment parameters for both subaxial
upper-most instrumented vertebrae (UIV) patients and C2 UIV
patients

PI-LL

Subaxial

−5.3±76.9

10.8±57.3

0.132

C2

14.2±62.7

42.2±75.0

0.009*

Subaxial

18.3±11.6

17.8±10.2

0.667

C2

18.6±11.9

18.3±11.4

0.774

Subaxial

−0.3±18.4

−0.8±16.1

0.791

C2

0.6±20.4

2.9±20.7

0.177

*, XXXX . SVA, sagittal vertical axis; PT, pelvic tilt.

flexion (subaxial UIV: −0.2° vs. C2 UIV: 6.2°, P=0.115) or
extension (subaxial UIV: 13.9° vs. C2 UIV: 9.9°, P=0.366),
indicating flexibility of the cervical spine was maintained
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Table 3 Univariate comparison of baseline (BL), 1-year
postoperative (1Y), and BL to 1Y changes (∆) in health-related
quality of life instruments between patients with a subaxial uppermost instrumented vertebra (UIV) and patients with a UIV at C2
Outcome

Time point

NRS back

NRS neck

NDI

mJOA

EQ-5D

UIV groups

P

group were instrumentation failure (N=1), and junctional
kyphosis (N=2). No patients developed pseudarthrosis by
1Y. Baseline to 1Y changes in HRQL assessments did not
differ between UIV groups (Table 3). Additionally, at 1-year
postoperative, UIV groups did not differ in self-reported
neck pain intensity (P=0.233) or neck-related driving
disability (P=0.231), reading disability (P=0.138), sleep loss
(P=0.479), or difficulty in personal care (P=0.137).

Subaxial (N=31)

C2 (N=31)

BL

6.1±2.7

4.5±3.4

0.049

1Y

5.1±2.9

4.6±3.1

0.488

∆

−1.0±2.6

0.2±2.9

0.093

BL

6.9±2.0

6.4±2.3

0.415

1Y

4.1±2.7

4.0±3.0

0.748

∆

−2.8±3.0

−2.5±2.8

0.652

BL

47.0±17.2

52.8±14.6

0.163

1Y

32.0±18.9

41.1±17.8

0.062

∆

−14.2±19.4

−11.8±14.0

0.396

BL

14.3±1.8

12.5±3.1

0.010

1Y

14.8±2.8

13.4±3.0

0.066

∆

0.6±1.9

0.8±2.6

0.926

BL

0.75±0.06

0.73±0.06

0.194

1Y

0.81±0.08

0.77±0.07

0.028

Case examples

∆

0.06±0.08

0.04±0.07

0.164

Figures 1 and 2 present pre- and post-operative case
examples of surgical CD patients with UIV at C2 and C5,
respectively. Both patients presented with similar baseline
cSVA (C2 UIV: 29 mm vs. subaxial UIV: 24 mm), though
the C2 UIV patient presented with less severe horizontal
gaze disruption, as assessed by C2 slope (C2 UIV: 20°
vs. subaxial UIV: 25°). Both patients had a lower-most
instrumented vertebrae at T2. Following surgery, the C2
UIV patient appreciated greater change in both cSVA (C2
UIV: −12 mm vs. subaxial UIV: 4 mm) and C2 slope (C2
UIV: −16° vs. subaxial UIV: −10°). The C2 UIV patient
also showed superior improvement in NDI score (C2
UIV: −14 vs. subaxial UIV: −8). Neither patient experienced
an intraoperative complication, though the subaxial UIV
patient experienced a dysphagia complication, and the C2
UIV experienced a vascular complication.

NRS, numeric rating scale; NDI, neck disability index; mJOA,
modified Japanese Orthopedics Association; EQ-5D, EuroQol
5-dimensions 3-severity-level.

at 1Y regardless of UIV level. Similarly, there were no
differences between UIV groups in 1Y upper-cervical
flexibility, as assessed by C0-C2 lordosis flexion (subaxial
UIV: 14.6° vs. C2 UIV: 14.4°, P=0.958) and extension
(subaxial UIV: 40.2° vs. C2 UIV: 37.9°, P=0.489).
Clinical outcomes by UIV group
UIV groups did not differ in overall complication rates
(subaxial UIV: 64.5% vs. C2 UIV: 67.7%, P=0.788) or
rates of operative complications (subaxial UIV: 0.0% vs.
C2 UIV: 16.1%, P=0.195), including dural tears (three
patients), respiratory failure, dysphagia, and excessive
bleeding (one patient for each). Both UIV groups had a
reoperation rate of 9.7%. Indications for revision within
the C2 UIV group were iatrogenic C5 radiculopathy (N=1),
iatrogenic neurologic deficit (N=1), and lateral mass burst
fracture (N=1); indications for revision within the subaxial
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Effect of bone quality on radiographic outcomes
Eight patients included in the present study had physiciandocumented osteoporosis or pre-osteoporosis. Of these
patients, 4 had UIV at C2, and 4 had subaxial UIV. Poor
bone quality patients with C2 UIV showed significantly
greater reductions in cervical and upper-CD from baseline
to 1Y: TS-CL (subaxial UIV: −13.2° vs. C2 UIV: −41.7°,
P=0.029) and C2 slope (subaxial UIV: −11.4° vs. C2 UIV:
−45.5°, P=0.029). C2 UIV patients also showed a trend of
more level McGregor’s slope at 1Y (subaxial UIV: −13.6° vs.
−0.1°, P=0.057), indicating level horizontal gaze.

Discussion
Successful operative management for CD necessitates clear
surgical planning. Critical for developing a comprehensive
surgical plan is a thorough assessment of both cervical
sagittal and coronal alignment, cervical flexibility,
neurologic deficits, patient frailty, and comorbidity status,
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Figure 1 Preoperative (left) and 1-year postoperative (right) lateral radiographs of a patient that underwent CD-corrective surgery. This
patient had a fusion construct spanning from C2 to T2. CD, cervical deformity.

Figure 2 Preoperative (left) and 1-year postoperative (right) lateral radiographs of a patient that underwent CD-corrective surgery. This
patient had a fusion construct spanning from C5 to T2. CD, cervical deformity.

among other factors. Despite recent advances in the
development of a standardized classification system for CD,
there still exists wide variation among deformity surgeons
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in surgical strategy, including a lack of consensus regarding
surgical approach, osteotomy utilization, and fusion length
(14,15). While preoperative surgical planning algorithms
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for CD-corrective surgery exist in the literature, they
place little emphasis on optimal fusion length and UIV
level (1,16). As such, the goal of this study was to evaluate
differences in alignment and clinical outcomes surgical CD
patients with a subaxial UIV and patients with a UIV at C2.
In UIV groups matched for similar cervical sagittal
deformity, patients with instrumentation ending at C2
did not differ from subaxial UIV patients in postoperative
radiographic alignment, cervical flexibility, rates of
reoperation, or HRQL. Furthermore, in a subpopulation of
patients with osteoporosis and pre-osteoporosis, extension
of fusion constructs to C2 was associated with superior
radiographic outcomes, including significant baseline
to 1-year reductions in TS-CL and C2 slope, as well as
more level horizontal gaze than patients with a subaxial
UIV. In contrast to subaxial fixation, which typically only
incorporates lateral mass screws, fixation at C2 has been
shown to provide substantial stability and vertebral control,
as screws may be placed in the pars, pedicle, or lamina
(2,3,17,18). Our results suggest that for select CD patients,
extension of the fusion construct from the subaxial spine to
C2 may provide radiographic benefit, and offers comparable
postoperative range of motion and clinical outcomes to
subaxial fixation.
UIV groups did not differ in primary apex of deformity
or baseline cervical alignment, as assessed by the common
regional deformity metrics of TS-CL, cSVA, and C0-C2
lordosis. C2 UIV patients were older, however, and had
significantly worse horizontal gaze at baseline, both of
which may have been important factors influencing choice
of UIV level. For elderly patients and patients with poor
bone quality, there is evidence suggesting the need for
increased points of fixation and multilevel pedicle screws
to provide sufficient segmental stability (19). Indeed, as
compared to subaxial UIV patients with poor bone quality,
our analysis showed significantly superior cervical alignment
and horizontal gaze outcomes for osteoporotic and preosteoporotic C2 UIV patients. These results suggest that
additional fixation at C2 may be beneficial for older patients
and patients with compromised bone mineral density.
Despite having significantly longer fusion constructs
than subaxial UIV patients, C2 UIV patients did not
differ from subaxial UIV patients in postoperative cervical
range of motion. Specifically, there were no radiographic
differences between UIV groups in C2−C7 lordosis flexion
or extension, as well as C0−C2 flexion or extension. This is
a particularly important finding, as previous research shows
a significant relationship between cervical range of motion
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and HRQL outcomes, as well as between decreased flexion
CL and increased myelopathy severity (20). While loss of
cervical range of motion may be unavoidable following
multilevel cervical fusion, our results show adequate cervical
flexibility for patients with a C2 UIV that is comparable
to the flexibility of patients with shorter and more caudal
fusion constructs.
It is important to note that although the C2 UIV
group had a higher intraoperative complication rate than
subaxial UIV patients, this difference was not statistically
significant. Furthermore, these complications were not
necessarily a product of C2 fixation alone. Previous
research suggests a relationship between surgical approach
and complication rates in CD-corrective surgery, showing
combined approaches to be associated with higher
complication rates (21). Correction of more severe
deformity often warrants a combined surgical approach—
this trend was evident in our patient population, as C2
UIV patients presented with more severe horizontal gaze
disruption and had a higher rate of combined surgical
approach. C2 UIV patients also underwent surgeries
involving osteotomies at a higher rate than subaxial UIV
patients (55% vs. 39%), and had a significantly higher
rate of surgical decompression (71% vs. 32%, P=0.002).
Thus, in our analysis, the complication rate for C2 UIV
patients may be explained by longer fusions and more
severe baseline deformity necessitating more complex and
invasive correction, not necessarily C2 fixation alone.
A key limitation of this study is the small sample size,
which diminishes the statistical significance of our findings,
and increases the likelihood of Type I “false positive” errors.
Additionally, while our analysis controlled for differences
in baseline cervical sagittal malalignment, this is not the
only factor included in the preoperative calculus of UIV
level. Patient-specific anatomy plays a key role in choice
of UIV, with some anatomical studies showing that 20%
of C2 specimens preclude pedicle screw placement due to
vertebral artery anatomy and variations in pedicle width and
height (22). Small sample size and limitations inherent in
our database’s construction made us unable to control for
these and other covariates which may have affected UIV
level. The database we used also lacked an objective measure
of bone density, like DEXA scan results, for example,
effectively limiting our bone quality sub-analysis to only
patients with physician-reported osteoporosis and preosteoporosis. Furthermore, all subaxial UIV fusion cases in
the present analysis utilized lateral mass screws, not pedicle
screws. It is possible that subaxial pedicle screw fixation,
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in conjunction with modern navigational techniques, may
result in improved fixation and alignment outcomes—this
should be a focus of future research. With these limitations
in mind, our study still presents a heterogeneous patient
population from multiple surgical centers across the United
States, and thus offers a generalizable perspective on the
influence of UIV in CD-corrective surgery.
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2.

3.

4.

Conclusions
Surgical CD patients with a UIV at C2 did not differ from
subaxial UIV patients in 1-year postoperative cervical
flexibility, HRQL outcomes, or radiographic outcomes.
C2 UIV patients also showed a trend of greater baseline
to 1-year improvements in horizontal gaze. Similarly, in
patients with poor bone quality, a C2 UIV was associated
with significantly more level horizontal gaze at 1-year,
and significantly greater baseline to 1-year reductions in
deformity, as assessed by TS-CL. To our knowledge, these
findings represent the first specific investigation of proximal
level choice in an adult CD population. For patients with
a UIV at C2, realignment advantages were observed in the
setting of minimal functional loss; however, further research
is necessary to determine the durability of these advantages.
These results can be used to further inform deformity
surgeons during the surgical planning process.
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