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Abstract

Study Design: Retrospective cohort study.

Objectives: Investigate a composite score to evaluate the relationship between alignment proportionality and risk of distal
junctional kyphosis (DJK).

Methods: 84 patients with minimum 1 year follow-up were included (age = 61.1 ± 10.3 years, 64.3% women). The Cervical
Score was constructed using offsets from age-adjusted normative values for sagittal vertical axis (SVA), T1 Slope (TS), and TS
minus cervical lordosis (CL). Individual points were assigned based on offset with age-adjusted alignment targets and summed to
generate the Cervical Score. Rates of mechanical failure (DJK revision or severe DJK [DJK> 20° and ΔDJK> 10°]) were assessed
overall and based on Cervical Score. Logistical regressions assessed associations between early radiographic alignment and 1-
year failure rate.

Results: Mechanical failure rate was 21.4% (N = 18), 10.7% requiring revision. By multivariate logistical regression: 3-month
T1S (OR: .935), TS-CL (OR:0.882), and SVA (OR:1.015) were independent predictors of 1-year failure (all P < .05). Cervical
Score ranged (�6 to 6), 37.8% of patients between �1 and 1, and 50.0% with 2 or higher. DJK patients had significantly higher
Cervical Score (4.1 ± 1.3 vs .6 ± 2.2, P < .001). Patients with a score ≥3 were significantly more likely to develop a failure (71.4%)
with OR of 38.55 (95%CI [7.73; 192.26]) and Nagelkerke r2 .524 (P < .001)

1 Department of Orthopedics, Hospital for Special Surgery, New York, NY, USA
2 Department of Neurosurgery, University of Virginia Medical Center, Charlottesville, VA, USA
3 Department of Surgery, University of Calgary, Calgary, AB, Canada
4 Department of Neurological Surgery, University of California, San Francisco, School of Medicine, San Francisco, CA, USA
5 Department of Orthopedics, NYU Langone Orthopedic Hospital, New York, NY, USA
6 Department of Neurosurgery, Duke University Medical Center, Durham, NC, USA
7 Scripps Clinic, San Diego, CA, USA
8 Department of Orthopaedic Surgery, Northwell Health, Lenox Hill Hospital, New York, NY, USA
9 Department of Orthopaedic Surgery, University of California, Davis, CA, USA

10 Denver International Spine Center, Presbyterian St. Luke’s/Rocky Mountain Hospital for Children, Denver, CO, USA

Corresponding Author:
Renaud Lafage, MS, Department of Orthopedics, Hospital for Special Surgery, 525 E 71st St., New York, NY 10021, USA.
Email: renaud.lafage@gmail.com

Creative Commons Non Commercial No Derivs CC BY-NC-ND: This article is distributed under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 License (https://creativecommons.org/licenses/by-nc-nd/4.0/) which permits non-commercial
use, reproduction and distribution of the work as published without adaptation or alteration, without further permission provided the
original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://us.sagepub.com/en-us/journals-permissions
https://doi.org/10.1177/21925682221086535
https://journals.sagepub.com/home/gsj
https://orcid.org/0000-0002-4820-1835
https://orcid.org/0000-0003-0467-5534
https://orcid.org/0000-0003-2170-3592
https://orcid.org/0000-0002-0119-7111
mailto:renaud.lafage@gmail.com
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage


Conclusion: This study developed a composite alignment score predictive of mechanical failures in CD surgery. A score ≥3 at
3 months following surgery was associated with a marked increase in failure rate. The Cervical Score can be used to analyze
sagittal alignment and help define realignment objectives to reduce mechanical failure.
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Introduction

Adult cervical deformity (ACD), defined as the disruption of
normal cervical alignment in the sagittal and/or coronal plane
is a complex pathology.1,2 ACD is associated with significant
disability,3 and the relationship between cervical sagittal
alignment and patient health-related quality of life outcomes
has been well established in the literature.4

While patients can have substantial benefit from surgical
treatment and realignment surgery,5,6 the surgical correction of
ACD remains complex, and has been associated with a high
rate of post-operative complications and revisions.7,8 Me-
chanical failure, more specifically distal junctional kyphosis,
has been of particular concern following corrective surgery for
ACD, and remains a common cause of revision surgery.8,9

In the thoracolumbar deformity literature, mechanical failures
and proximal junctional kyphosis have been extensively studied,
with evolving prediction and prevention strategies.10,11 Post-
operative alignment and its deviation from normative targets
have been identified multiple times as major risk factors for
proximal junction issues.12,13 In contrast to thoracolumbar defor-
mity corrective procedures, which are more commonly vulnerable
to proximal junctional issues, surgery for ACD is more susceptible
to distal junctional kyphosis (DJK), the distal equivalent to PJK.
Similar to PJK, several authors have demonstrated the importance
of achieving appropriate sagittal alignment in DJK prevention.14,15

Inspired by recent publications in the thoracolumbar field,12

this study aims to establish a composite score that evaluates
post-operative alignment in ACD, and assess the relationship
between post-operative alignment and mechanical failure.

Methods

Patient Sample

Study data was obtained from a multi-center prospective database
of ACD patients undergoing surgery. Patients were enrolled at 1 of
13 institutions across the United States between 2012 and 2015.
Institutional Review Board (IRB) approval at each of the 13
participating sites was obtained prior to conducting the study (IRB
No. 2014-373). Informed consent was obtained from all partici-
pating patients. Inclusion criteria for the overall database were:
age >18 years and presence of ACD, defined by the presence of at
least one of the following: C2–C7 sagittal Cobb angle ≥10°
(cervical kyphosis), C2–C7 coronal Cobb angle ≥10° (cervical
scoliosis), C2–C7 sagittal vertical axis (C2–C7SVA)≥4 cm, and/or

chin-brow vertical angle (CBVA) ≥25°. Exclusion criteria for the
overall database include the presence of active infection or ma-
lignancy, an underlying neurologic pathology (e.g., Parkinson’s
disease), or post-traumatic deformity. In addition to the above
inclusion criteria, the present study only included patients who
completed a minimum 1-year follow-up. Those with fusions ex-
tending to the pelvis were excluded from this study.

Data Collection

This was a prospective study in which baseline patient char-
acteristic and demographic data were collected pre-operatively.
Surgical data was collected at the time of the surgical inter-
vention. Complications, including details pertaining to revision
surgery, were recorded prospectively using standardized forms.

All patients had cervical and standing 36’’ postero-anterior
(PA) and lateral spine radiographs at baseline and at 3-month, 6-
month, and 1-year follow-up. Radiographic evaluations were
performed at a central location using validated spine software.
Parameters measured included classic spino-pelvic parameters,
such as pelvic incidence (PI), pelvic tilt (PT), pelvic incidence
minus lumbar lordosis (PI-LL), sagittal vertical axis (SVA), and
T1-pelvic angle (TPA). We also measured cervical-specific
parameters, including the C2–C7 coronal Cobb angle, cervi-
cal sagittal vertical axis (cSVA), T1 slope, C2 slope, and T1
slope minus cervical lordosis (TS-CL).

Post-operative alignment was measured on 3-month post-
operative radiographs. For patients who underwent revision
surgery prior to the 3 month follow-up timepoint, post-
operative alignment was measured on pre-revision radiographs.

Mechanical failure was defined as having a revision for
mechanical failure or having a radiographic DJK. Radiographic
DJK was diagnosed radiographically, using the following
criteria: DJK angle greater than 20° + ΔDJK angle greater than
10 compared with pre-operative baseline imaging.16

Cervical Score Calculation

For each patient, the difference (offset) between the post-
operative alignment achieved and the age-adjusted alignment
target was calculated. The age-adjusted alignment targets were
calculated, based on the literature using the following for-
mulas:17-19

· TPA: (age – 55)/3 + 20;17
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· SVA: (age – 55) *2 + 25;17

· PT: (age – 55)/2 + 16;17

· TS: (age – 55)/4 + 28.75;19

· TS-CL: constant between 14.5 and 26.5°;18

Each patient was then assigned a Cervical Score for me-
chanical failure, based on the offset between the post-
operative alignment achieved and age-adjusted alignment
targets on the T1S, TS-CL, and SVA. The details of the
Cervical Score can be found in (Figure 1). Briefly, for each of
the 3 radiographic parameters, a score of 0 was assigned if the
alignment matched the age-adjusted target. Points were as-
signed based on the offset between post-operative alignment
and age-adjusted targets. The total Cervical Score was then
calculated by summing the points obtained for the T1S, TS-
CL, and SVA.

Data Analysis

Pre- to post-operative alignment was analyzed in the
overall cohort using paired t-tests or Wilcoxon signed-
rank tests as appropriate. Patients were divided into two
groups: those who experienced mechanical failure, and
those who did not. The two groups were compared re-
garding pre-operative alignment, post-operative align-
ment achieved, and the offset between post-operative
alignment and age-adjusted thresholds using Mann–
Whitney U test. We also analyzed the rate of mechani-
cal failures by individual Cervical Score, and performed a
cutoff analysis to assess the relative risk of failure by
Cervical Score, using thresholds of 3 and 4 points. SPSS
20.0 (IBM Corp Released 2011. IBM SPSS Statistics for
Windows, Armonk, NY: IBM Corp) was used for the

analysis. Statistical analyses were two-sided, and P < .05
was considered statistically significant.

Results

Our database had a total of 145 patients with ACD who were
eligible for 1-year follow-up; 84 patients met the specific
inclusion criteria for this study. Our cohort had an average age
of 61.1 years, and an average body mass index (BMI) of 28.3.
A majority (64.3%) of our patients were women, and 34.5% of
patients had a history of prior spine surgery. The median
follow-up was 12 months.

Mechanical failure occurred in 21.4% of our cohort (n =
18), and of these patients with failure, 50% (n = 9) required
revision surgery with a mean time between index surgery and
revision of 145 days ±98.

Pre-operative and 3-month post-operative sagittal align-
ment parameters are summarized in Table 1. Our results show
a moderate baseline cervical malalignment, with an average

Figure 1. Cervical Score calculation based on offset between alignment and age-adjusted targets.

Table 1. Pre-operative to 3-month post-operative thoracolumbar
and cervical sagittal alignment for the entire cohort.

Pre 3 months

P-valueMean StD Mean StD

PT 18.3 11.1 20.0 11.7 .019
TPA 11.8 12.5 15.3 13.3 <.001
SVA �7.2 71.4 16.7 68.4 <.001
T1 slope 29.9 17.1 35.2 16.0 <.001
C2–C7 �8.2 23.0 7.5 16.6 <.001
C2 slope 38.0 20.2 25.9 13.4 <.001
TS-CL 38.2 19.6 27.7 13.8 <.001
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C2–C7 kyphosis of 8.2°, an average TS-CL of 38.2°, and an
average C2 slope of 38.0°. At baseline, the global sagittal
alignment parameters demonstrate a compensatory posterior
global alignment, with an average TPA of 11.8°, and an SVA
of �7.2 mm. Following surgery, there was significant im-
provement in the cervical parameters, based on the C2–C7
lordosis (8.2° kyphosis vs 7.5° lordosis, P < .001), C2 slope
(38.0° vs 25.9°, P < .001), and TS-CL (38.2° vs 27.7°, P <

.001). Relaxation of compensatory alignment mechanisms
was also evident based on the TPA (11.8° vs 15.2°, P = .001),
and SVA (�7.2 mm vs 16.7 mm, P < .001).

Table 2 compares patients who experienced mechanical
failure to those who did not with regard to pre-operative
alignment and 3-month post-operative alignment. The two
groups differ in terms of pre- and post-operative alignment.
Patients who experienced mechanical failure had greater pre-
operative deformity, as shown by significant differences in
their baseline C2–C7 lordosis (median 17.6° kyphosis vs
14.8°, P = .045), baseline C2 slope (median 56.7° vs 29.9°,
P = .001), and baseline TS-CL (median 54.4° vs 30.3°).

Table 3 compares patients who experienced mechanical
failure to those who did not with regard to offset from
age-adjusted alignment targets. Patients who experienced
mechanical failure were under-corrected compared to their
age-adjusted targets, as shown by the T1 slope offset
(median �14° vs .9°, P < .001) and the TS-CL offset
(median �16.5° vs �2.8°, P < .001)

The distribution of the Cervical Score for the entire cohort
is illustrated in (Figure 2). Overall, 37.8% of patients had a
score between �1 and 1 (adequately corrected compared to
their age-adjusted alignment targets), 12.2% of patients had a

Table 2. Comparison of pre-operative and post-operative sagittal alignment between patients with and without a mechanical failure.

Not Fail (n = 66) Fail (n = 18)
M-W

25th 50th 75th 25th 50th 75th P-value

Pre-op PT 11.6 17.6 26.3 16.5 19.9 24.8 .724
TPA 5.4 12.2 18.9 0.3 10.9 17.1 .400
SVA �43.2 �11.6 42.2 �107.3 �21.3 3.5 .112
T1 slope 17.1 26.1 36.7 23.3 32.2 48.1 .045
C2-C7 �14.8 �6.1 3.0 �33.1 �17.6 �0.5 .049
C2 slope 23.3 29.9 46.9 32.0 56.7 65.3 .001
TS-CL 25.5 30.3 44.8 36.5 54.4 62.6 .001

3 months PT 12.5 18.8 26.9 15.2 23.0 27.2 .485
TPA 7.8 13.6 21.0 9.0 16.2 24.7 .735
SVA �18.6 7.3 49.8 �65.7 13.8 70.6 .711
T1 slope 23.3 30.4 37.2 34.5 47.7 53.7 <.001
C2–C7 0.5 6.8 12.3 �12.4 8.2 19.7 .926
C2 slope 15.8 21.4 27.8 25.2 42.1 47.5 <.001
TS-CL 18.9 23.3 30.8 28.3 41.1 48.5 <.001

Table 3. Comparison of the offset between post-operative sagittal alignment and age-adjusted targets between patients with and without
mechanical failure.

Not Fail (n = 66) Fail (n = 18)
M-W

25th 50th 75th 25th 50th 75th P-value

Offsets PT �6.6 3.3 10.0 �3.6 �0.1 5.2 .586
TPA �3.7 5.4 12.4 �2.3 3.2 8.8 .836
SVA �11.4 29.5 60.8 �16.2 35.8 88.0 .459
T1 slope �7.5 0.9 8.0 �21.1 �14.0 �3.5 <.001
TS-CL �10.8 �2.8 4.3 �31.5 �16.5 �7.2 <.001

Figure 2. Distribution of the Cervical Score for the entire study
cohort.
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score of �2 or lower (over-corrected compared to their age-
adjusted alignment targets), and 50.0% had a score of 2 or
higher (under-corrected compared to their age-adjusted
alignment targets). Median Cervical Scores were signifi-
cantly higher among the group of patients who experienced
mechanical failure (4.0 vs 1.0, P < .001).

(Figure 3) illustrates the proportion of mechanical failures
by individual Cervical Score. As illustrated, there were no
failures for scores ≤1, and most failures occurred in patients
with a Cervical Score of 3 or greater. Threshold analysis using
a cutoff of 3 resulted in an OR of 38.545 (P < .001).

Discussion

This study focused on a cohort of ACD patients with mini-
mum 1-year follow-up. Among our patient population, the rate
of mechanical failure was 21.4%, out of which one-half un-
derwent surgical revision. Pre-operative and post-operative
cervical alignment were significantly different between pa-
tients who either did or did not develop a post-operative
mechanical failure. A novel Cervical Score was developed
that reflects the severity of post-operative sagittal malalign-
ment relative to age-adjusted normative values. When applied
to the 3-month post-operative imaging of ACD patients, the
Cervical Score demonstrated a strong and significant asso-
ciation with subsequent development of mechanical failure.
Patients with a Cervical Score of 3 or greater had a 35-fold
greater risk of developing a mechanical issue within 1 year of
surgery.

Our results show that patients who experienced mechanical
failure had larger baseline deformities prior to surgical in-
tervention. This observation has been previously noted15 with
reported thresholds of C2-C7 kyphosis greater than 12° and
TS-CL greater than 36.4°. Patients presenting with the largest
deformities were more likely to undergo larger corrections,
increasing the risk of complications.8 They also had greater

amounts of residual deformity following surgery, when
compared to their counterparts who did not experience a
mechanical failure. This residual deformity can be the result of
an incomplete correction, leading to increased mechanical
loading at the distal junction due to gravity and a lever arm
effect.20 When combined with poor muscle quality, as pre-
viously documented in the literature, this increase in me-
chanical loading can lead to progressive failure.21 This
residual deformity can also be the early sign of a progressive
failure. Monitoring early post-operative alignment, especially
during the first several months following surgery, may allow
for non-operative interventions, such as physical therapy or
posture training, to help reduce the risks of needing revision
surgery.

In contrast to previous reports that have assessed alignment
and DJK, the present study proposes a novel Cervical Score to
assess post-operative alignment. Compared to a singular ra-
diographic parameter, this combined score allows assessment
of the proportionality between parameters rather than focusing
on a single aspect of alignment.12 Parameters included in the
Cervical Score have been previously associated with cervical
deformity,22 as well as with PJK13 and health-related quality
of life.23 Other factors have been reported to be associated
with junctional pathologies, including osteoporosis, age, and
neurological comorbidities.15,24 While these other factors may
be associated with an increased risk, surgeons have limited
ability to directly affect these parameters. Thresholds used in
the Cervical Score were tailored to patient age. This approach
of using age-adjusted thresholds has been successfully applied
to proximal junctional issues in the thoracolumbar literature.13

The post-operative distribution of Cervical Scores revealed
that most of the patients had a score between �1 and 2, and
that very few patients were severely over-corrected or under-
corrected (above 4 or below �4).

Our results suggest that the Cervical Score could be of use
in predicting mechanical failures. In our study, a score of 3 and

Figure 3. Proportion of mechanical failure for each individual Cervical Score.
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above was indicative of significantly higher odds of experi-
encing mechanical failure. Therefore, pre-operative planning
should not only account for regional correction, but also the
global alignment and the alignment induced by this correction.
In the thoracolumbar literature, overcorrection has been linked
to mechanical failure and PJK.25,26 Our results in ACD pa-
tients contrast with this finding in that undercorrection may
actually play a significant role in the development of me-
chanical failure following cervical realignment. An increased
forward sagittal alignment, combined with poor muscle and
bone quality, could be dramatic due to the dynamic aspect of
the cervical spine leading to more dynamic solicitation.27With
the development of improved dynamic evaluations,28 future
studies investigating the effect of cervical fused alignment and
the range of motion distal to the fusion could provide further
insight.

This study is not without limitation. First and foremost, the
relatively small sample size combined with a follow-up of 1-
year may limit the generalization of this result. Validation of
these findings based on larger sample size is warranted.
Second, the large variability in terms of pre-operative de-
formity does not allow for more granular analysis of regional
and focal alignment. Finally, the lack of dedicated patient-
reported outcomes and neurological examinations limits the
ability to characterize a potential association between the
proposed Cervical Score and patient quality of life.

Conclusion

Mechanical failures following ACD surgery occurred in al-
most 1 out of 5 patients in this cohort, with 50% of them
requiring a revision surgery before 1-year follow-up. Larger
pre-operative malalignment combined with poor post-
operative sagittal alignment were associated with mechani-
cal failure. The proposed Cervical Score enabled quantifica-
tion of the proportionality of sagittal alignment. A Cervical
Score of 3 or above was associated with a marked increased
risk of mechanical failure within the first year following
surgery.
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