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CERVICAL SPINE

Appropriate Risk Stratification and Accounting
for Age-Adjusted Reciprocal Changes in the
Thoracolumbar Spine Reduces the Incidence
and Magnitude of Distal Junctional Kyphosis
in Cervical Deformity Surgery
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Study Design. Retrospective cohort study of a prospective
cervical deformity (CD) database.

Obijective. Identify factors associated with distal junctional
kyphosis (DJK); assess differences across DJK types.

Summary of Background Data. DJK may develop as com-
pensation for mal-correction of sagittal deformity in the thoracic
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curve. There is limited understanding of DJK drivers, especially
for different DJK types.

Methods. Included: patients with pre- and postoperative clini-
cal/radiographic data. Excluded: patients with previous fusion to
L5 or below. DJK was defined per surgeon note or DJK angle
(kyphosis from LIV to LIV-2)<-10°, and pre- to postoperative
change in DJK angle by<-10°. Age-specific target LL-TK align-
ment was calculated as published. Offset from target LL-TK was
correlated to DJK magnitude and inclination. DJK types: severe
(DJK<—20°), progressive (DJK increase>4.4°), symptomatic
(reoperation or published disability thresholds of NDI>24 or
mJOA<14). Random forest identified factors associated with
DJK. Means comparison tests assessed differences.

Results. Included: 136 CD patients (61+10 yr, 61%F). DJK rate
was 30%. Postop offset from ideal LL-TK correlated with greater
DJK angle (r=0.428) and inclination of the distal end of the fusion
construct (r=0.244, both P<0.02). Seven of the top 15 factors
associated with DJK were radiographic, four surgical, and four
clinical. Breakdown by type: severe (22%), progressive (24%),
symptomatic (61%). Symptomatic had more posterior osteotomies
than asymptomatic (P=0.018). Severe had worse NDI and upper-
cervical deformity (CL, C2 slope, CO-C2), as well as more posterior
osteotomies than nonsevere (all P<0.01). Progressive had greater
malalignment both globally and in the cervical spine (all P<0.03)
than static. Each type had varying associated factors.

Conclusion. Offset from age-specific alignment is associated
with greater DJK and more anterior distal construct inclination,
suggesting DJK may develop due to inappropriate realignment.
Preoperative clinical and radiographic factors are associated
with symptomatic and progressive DJK, suggesting the need for
preoperative risk stratification.
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ervical deformity (CD) is often associated with a
‘ forward shift in cervical alignment—a sagittal

imbalance that can displace the head’s harmonious
center of gravity, fatigue the paraspinal musculature, com-
press neural elements, disrupt horizontal gaze, and drive
further deformity progression. For symptomatic CD
patients, restoration of sagittal alignment may require
decompression and fusion of the upper-cervical, cervical,
and caudal segments. Multiple studies show substantial
short-term improvements in both health-related quality of
life and sagittal alignment following CD-corrective surgery;
however, maintaining satisfactory radiographic outcomes in
the long-term remains a challenge.'~* For patients undergo-
ing CD-corrective surgery, rates of distal junctional kypho-
sis (DJK), or postoperative loss of alignment in the distal
segments adjacent to the lowest instrumented vertebra, have
been reported as high as 24%.°

The underlying causes of DJK are not well understood,
though many studies in the CD literature suggest that poor
bone quality, long fusion constructs across the cervicothora-
cic junction, and severe preoperative malalignment may
contribute to increased risk of DJK development.®” A recent
retrospective review of 101 surgical CD patients found
excessive preoperative cervical malalignment and thoracic
hyperkyphosis to increase the risk of DJK.® Severe preoper-
ative malalignment may place patients at risk for residual
postoperative deformity, which, in turn, may increase shear
stress at the distal end of the fusion construct. It is important
to note, however, that not all cases of DJK are clinically
symptomatic, require reoperation, or progress to more
severe deformity. While prior research has sought to identify
risk factors for any DJK occurrence, no previous studies
have assessed risk factors for increased DJK magnitude,
symptomatic, and progressive DJK subtypes.

This study identifies risk factors for associated with
increased DJK magnitude, clinically symptomatic DJK,
and DJK that progresses over time. Assessing specific risk
factors for these DJK subtypes may help clinicians better
understand the complex etiology of DJK, hopefully leading
to improvements in both surgical planning and preoperative
risk stratification.

MATERIALS AND METHODS

Study Design

This is a retrospective cohort study of a prospective, multi-
center CD database. Patients >18 years were consecutively
enrolled at 13 spine centers across the United States. All
enrolling sites obtained Institutional Review Board approval
prior to patient enrollment, and all patients provided
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informed consent prior to enrollment. CD was defined
radiographically as baseline cervical kyphosis (C2-C7 sagit-
tal Cobb angle >10°), cervical scoliosis (C2-C7 coronal
Cobb angle >10°), C2-C7 sagittal vertical axis (cSVA)
>4cm, or chin-brow vertical angle >25°. All patients
included in the present analysis had radiographic and
health-related quality of life (HRQL) data available at both
baseline and any follow-up interval (3-mo, 6-mo, 1-yr, or 2-
yr). Patients with previous fusion to L5 or below were
excluded from analysis, as this would preclude the develop-
ment of DJK.

Data Collection and Radiographic Assessment
Standardized forms collected patient’s demographic and
comorbidity (including Charlson Comorbidity Index
[CCI] score) data. Collection of HRQL data included the
Numeric Rating Scales for Neck and Back Pain, Neck
Disability Index (NDI), and the 5-dimension, 3-level Euro-
Qol questionnaire (EQ-5D).>!° Myelopathy severity was
assessed with the modified Japanese Orthopaedic Associa-
tion (mJOA) questionnaire.'" Patient frailty was assessed
with a previously published CD-specific frailty index, with
scores >0.3 indicating frailty.'?

Standing anterior-posterior and lateral long-cassette
radiographs were analyzed as published.'*~!® Long-cassette
radiographic analysis included the following parameters:
sagittal vertical axis (SVA; horizontal distance from C7
plumbline relative to the posterosuperior corner of S1),
pelvic tilt (PT), pelvic incidence (PI), T4-T12 thoracic
kyphosis (TK), L1-L4 lumbar lordosis (LL), C2-C7 cervical
lordosis (CL), cSVA, and T1 slope.'® Cervical radiographs
allowed for assessment of C0-C2 sagittal Cobb angle (CO-
C2), C2 slope, and McGregor’s slope (McGS).!” Mis-
matches between T1 slope and CL (TS-CL), and PI and
LL (PI-LL) were also calculated.

Assessment of Distal Junctional Kyphosis

DJK was defined per physician note or radiographically as
DJK angle (kyphosis between the superior endplate of the
lowest instrumented vertebra [LIV] and the inferior endplate
of the second distal vertebra [LIV-2]) <-10°, and a pre- to
postoperative change in DJK angle by<-10°. LIV inclination
was defined as the angle between the vertical and the best fit
line crossing the center of the LIV, LIV-1, and LIV-2
(Figure 1).

Statistical Analysis

Descriptive analyses summarized patient-related, surgical,
and radiographic variables. Patients with DJK were strati-
fied by DJK type: severe (DJK angle <—20°),'® progressive
(DJK angle increase >4.4°, accounting for published sagittal
spinal alignment measuring error),'” and symptomatic (DJK
associated with reoperation or published disability thresh-
olds of NDI>24 or mJOA<14).>!! Random forest analyses,
each comprised of 25,000 conditional inference trees, iden-
tified the top patient, surgical, and radiographic risk factors
associated with overall DJK and each DJK type.?°

November 2021

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



CERVICAL SPINE

Reciprocal Changes in Cervical Deformity 1 e Passias et al

DJK inclination angle

Figure 1. Schematic diagram of DJK inclination angle and DJK angle. DJK indicates distal junctional kyphosis.

Specifically, the top baseline patient-related and surgical
risk factors associated with DJK and DJK subtypes were
selected according to variable importance tables generated
per conditional permutation importance defined by the
“varimp” function within the R “party” package.>' Non-
parametric means comparison tests assessed differences in
risk factors associated with each DJK type between DJK and
no-DJK patients. Paired-samples ¢ tests assessed preopera-
tive to postoperative (defined as visit of DJK diagnosis for
DJK patients and last available visit for non-DJK patients)
changes in alignment within DJK and non-DJK groups. For
all patients, age-specific target LL-TK alignment was calcu-
lated as published.** Postoperative offset from target LL-TK
was correlated to both DJK angle magnitude and LIV
inclination angle with bivariate Pearson tests. Random
forest analyses were conducted with the R statistical soft-
ware package (R, version 3.2.4, R Foundation for Statistical
Computing, Vienna, Austria); all other analyses were con-
ducted with SPSS software (v23.0, Armonk, NY).

RESULTS

Cohort Overview
Of 164 eligible CD patients, 136 (82.8%) met study inclu-
sion criteria and were included in this analysis. The mean

Spine

age of patients was 60.8 + 10.4 years (range: 31-83 yr), and
60.9% of patients were female. The mean documented
follow-up time from baseline was 14.3 7.8 months
(14.7% 3-mo, 9.6% 6-mo, 41.2% 12-mo, 34.6% 24-
mo). Table 1 provides a baseline demographic, surgical,
and clinical description of the entire cohort, as well as basic
demographic differences between DJK and non-JDK
groups.

Comorbidity Profiles

The top comorbidities for the cohort included diabetes
mellitus (15%), osteoporosis (14%), tumor (11%), and
chronic pulmonary disease (8%). Average Charlson Comor-
bidity Index (CCI) score was 0.9 7+1.33. Comorbidity
analyses were ran between patients who developed DJK
and the non-DJK group. Tumors were seen in 20% of DJK
patients, while only 8% of non-DJK patients (P =0.045).
Lymphomas (DJK: 5%, non-DJK: 0%; P=0.033) and
neuromuscular disease (DJK: 12%, non-DJK: 1%;
P=0.004) were significantly greater in the DJK group.
Osteoporosis diagnosis was larger in the DJK group, but
this was not significant (DJK: 20%, non-DJK: 12%;
P=0.254). Cerebrovascular disease, chronic pulmonary
disease, CHF, connective tissue disease, diabetes, hemiple-
gia, leukemia, liver disease, PVD, ulcer disease, depression,
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Overall Baseline Demographic, Surgical, Radiographic, and Health-Related Quality of Life

Description of the Included Cervical Deformity Cohort (N=136/164)

Mean (£ Standard Deviation) or Rate

Demographics

Age (yr) 60.8+10.4
Body mass index (kg/mz) 29.44+8.1
Sex (% female) 60.9%
Surgical factors
Levels fused 7.84+4.5
Posterior-only surgical approach 47.8%
Anterior-only surgical approach 19.1%
Combined surgical approach 33.1%
Any osteotomy 52.9%
Smith Petersen osteotomy 19.1%
Pedicle subtraction osteotomy 11.7%
Vertebral column resection 5.2%

Upper-most instrumented vertebra (modes)

C2 (44.9%), C3 (29.4%) C4 (12.5%)

Lower-most instrumented vertebra (modes)

T2 (20.6), C7 (16.9%), T3 (10.3%)

Sagittal radiographic alignment

Pl (°) 54.0+11.8
PT (°) 19.5+11.2
PI-LL (%) 1.5+17.6
SVA (mm) 3.0+£70.2
TK (°) —38.6£15.7
CL (9 —7.0£21.1
TS-CL (°) 36.8+18.2
cSVA (mm) 45.1+25.1
CO0-C2 sagittal Cobb (°) 31.6£11.8
McGregor’s Slope (%) 3.7+13.5
Health-related Quality of Life Scores

Neck Disability Index 47.5+17.7
Numeric Rating Scale for Back Pain 5.2+3.1
Numeric Rating Scale for Neck Pain 6.8+2.5
EQ-5D 0.74£0.07
mJOA 13.6+2.7

pancreatic disease, and rheumatoid arthritis were not sig-
nificant between DJK groups (all P> 0.05). CCI score was
not significant between the DJK and non-DJK groups (DJK:
1.03, non-DJK: 0.94; P=0.745).

Factors Associated With DJK

Overall, 30.1% of patients developed DJK (44.7% at 3-mo,
21.1% 6-mo, 23.7% 12-mo, 10.5% 24 mo). Breakdown of
DJK by type was: severe (22.0%), progressive (24.4%,
5.9°+4.0 degrees), symptomatic (61.0%). In descending
order of importance, random forest analysis described the
top risk factors for DJK: partial facet joint resection, com-
bined surgical approach, Smith-Petersen osteotomy, C2-C7
cervical lordosis, C2-T3 lordosis, cervical-thoracic pelvic
angle, presence of any comorbidity, presence of any tumor,
number of posterior osteotomies, C2-C7 SVA, BMI, C2
slope, NDI score, C0-C2angle, T1-L1 pelvic angle.
Table 2 assesses differences in these risk factors between
DJK and non-DJK patients, and within DJK subtype groups.

1440 www.spinejournal.com

Factors Associated With DJK Types

Table 3 shows random forest results detailing the top 10 risk
factors for severe, progressive, and symptomatic DJK. Of
the top risk factors associated with severe DJK, 60% were
radiographic, 20% were clinical, and 20% were surgical. Of
the factors associated with progressive DJK, 80% were
radiographic and 20% were surgical. For symptomatic
DJK, 60% of risk factors were clinical, 20% radiographic,
and 20% surgical.

Radiographic Outcomes

Table 4 shows pre- to postoperative changes in alignment
for both DJK and non-DJK groups. Overall, postopera-
tively, 20.5% of patients matched age-specific LL-TK align-
ment, 56.1% were overcorrected relative to ideal LL-TK,
and 23.5% were under-corrected. There were no differences
in DJK rates across patients under-corrected, over-cor-
rected, and matching age-specific LL-TK targets
(P=0.096). There was similarly no relationship between
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Comparison of Distal Junctional Kyphosis (DJK) Risk Factors Between DJK and No DJK

Patients, Severe and Nonsevere DJK Patients, Progressive and Static DJK Patients, and

Symptomatic and Nonsymptomatic DJK Patients

Overall DJK Severe DJK Progressive DJK Symptomatic DJK

DJK Risk DJK No DJK Severe | Nonsevere| Progressive] Static | Symptomatic | Asymptomatic

Factor (N=41) | (N=95) (N=9) (N=32) | (N=10) | (N=31) (N =25) (N=16)

Partial facet joint “2.8+2.8 "1.7+23 39+3.6 24+2.6 1.9+£2.2 3.1+£3.0 3.2+3.2 2.1+£2.1
resections
(mean)

Combined surgical *48.8% *26.3% 44.4% 50.0% 40.0% 51.6% 52.0% 43.8%
approach (%)

Smith-Petersen *31.7% “13.7% “66.7 % *21.9% “60.0% *22.6% 40.0% 18.8%
osteotomy (%)

Baseline C2-C7 —9.9+£24.1 —43+£18.5 | "-27.6%+20.0| "—5.0+23.0 | *—27.2+15.2| "—4.4%24.0 —9.2+£27.6 —11.0+£18.0
cervical
lordosis (°)

Baseline C2-T3 —20.7+26.8 | —13.9+18.3 | "—48.1+22.8| "—13.3+22.9| "—43.6 +24.5| "—13.5+23.5 —18.7£28.0 —23.6+£23.5
lordosis (°)

Baseline cervical- 53+£25 4.4+£2.8 6.6+2.4 5.0+£2.5 *7.2+2.2 “4.8+24 54+29 53+1.8
thoracic pelvic
angle (%)

Any comorbidity “86.5% “65.9% 100.0% 82.8% 100.0% 83.3% 91.3% 78.6%
(%)

Any tumor (%) “19.5% 7.6% 11.1% 21.9% 20.0% 19.4% 20.0% 18.8%

Posterior 3.0£3.7 1.8+2.9 *7.2+4.2 "1.8+2.6 4.0+29 2.7+£3.9 “41+4.3 "1.2*+1.6
osteotomies
(mean)

Baseline C2-C7 42.5+£19.2 35.2+19.1 52.74+20.9 40.0£18.0 “54.5+19.4 | "38.6+17.8 41.2+20.8 44.4+£16.9
SVA (%)

Baseline body mass| 30.3+17.7 29.1+7.6 26.5+5.5 31.2+9.6 30.8+7.4 30.1+9.6 29.4+8.7 31.5+9.8
index (kg/m?)

Baseline C2 38.44+24.0 34.9+17.0 “60.2+23.8 | "32.4*20.5 | "59.6+19.8 | "31.7+21.3 40.1+27.6 35.9+15.1
slope (°)

Baseline Neck 49.5£9.1 46.7£7.6 *59.8+15.0 | "46.5+17.5 50.4+£17.8 49.1+£17.6 53.6+16.4 43.0£18.1
Disability Index
score

Baseline CO-C2 3444135 30.3+10.9 “45.4+9.9 *31.7+£129 “45.6 9.7 *30.6+12.6 34.7+13.5 34.1+15.1
sagittal Cobb
angle (%)

Baseline T1-L1 46+73 6.4+6.7 1.3+10.2 55+6.3 2.9+9.1 52+6.8 5.1£9.0 4.0+4.1
pelvic angle (%)

Baseline LL-TK 16.0£16.0 12.6+17.5 22.9+20.6 14.1+£14.3 17.4+16 15.6+16.3 14.6+18.6 183+£11
(L1ST — T4T12)
@)

DJK risk factors were identified per random forest analysis.

Bolded and asterisked values denote statistical significance between groups to P<0.050.

SVA indicates sagittal vertical axis.

matching age-specific postop LL-TK alignment and the
development of symptomatic DJK (no DJK: 21.3% match
vs symptomatic DJK: 10.3% match, P=0.277), severe DJK
(11.1% match, P=0.682), or progressive DJK (18.2%
match, P=0.811).

For patients who developed DJK, offset from age-specific
LL-TK correlated with magnitude of DJK angle (Figure 2,
r=0.415, P=0.010). Specifically, DJK patients who
matched age-specific LL-TK alignment had less severe
DJK magnitude (matched: 18.6°, under-corrected: 20.5°,

Spine

overcorrected: 26.1°). In the overall cohort, greater offset
from age-specific LL-TK also correlated with a more ante-
rior distal construct inclination (r=-0.241, P=0.018).

Case Examples

Figure 3 shows the pre- and postoperative standing lateral radio-
graphs of a 64-year-old patient with severe DJK (DJK angle:
—57.0°). This patient presented with a number of risk factors
associated with severe DJK, including severe baseline TS-CL
(81.1°), severe C2 slope (80.2°), and bilateral paresthesia.
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Variable Importance Table Generated From Random Forest Analysis Showing the Top 10

Risk Factors for Severe, Progressive, and Symptomatic Distal Junctional Kyphosis (DJK)

Variable

Importance Severe DJK Progressive DJK Symptomatic DJK

1 Number of partial facet joint resections| Baseline C1 slope Number of posterior osteotomies

2 Baseline C2 slope Baseline CO-C2 sagittal Cobb angle | Baseline frailty

3 Baseline TS-CL Baseline C2 slope Baseline hand numbness

4 Baseline bilateral paresthesia Baseline TS-CL Baseline Numeric Rating Scale: Neck
Pain score

5 Baseline T1 pelvic angle Baseline C2-C7 cervical lordosis Number of Smith-Petersen osteotomies

6 Baseline sagittal vertical axis Number of Smith-Petersen osteotomies | Baseline EQ-5D score

7 Number of posterior osteotomies Baseline CO slope Baseline T4-T12 thoracic kyphosis

8 Baseline C2-C7 cervical lordosis Apex of deformity driver Baseline gait disruption

9 Baseline Neck Disability Index score | Lowermost instrumented vertebrae Baseline PI-LL

10 Baseline C2-S1 SVA Baseline sagittal vertical axis Baseline Neck Disability Index score

Distal Junctional Kyphosis (DJK) and Patients That Did Not

Pre- to Postoperative Changes in Radiographic Alignment for Patients That Developed

DJK Group Preoperative Postoperative
PI (°) Non-DJK 53.6+12.4 53.6+12.5
DJK 55.0£10.6 55.2+11.4
P value 0.614 0.420
PT (%) Non-DJK 19.8+10.9 19.7£10.5
DJK 19.4+11.0 21.6+10.6
P value 0.655 0.399
PI-LL (°) Non-DJK 2.5+£15.3 49+15.4
DJK 0.24+20.7 2.7+19.7
P value 0.322 0.609
SVA (mm) Non-DJK 8.6+67.3 33.4+62.3
DJK —3.5+65.5 21.9+£69.5
P value 0.139 0.094
TK (°) Non-DJK —38.2+£14.9 —40.6£13.9
DJK —39.5+17.8 —46.7+18.6
P value 0.646 0.039"
CL () Non-DJK —4.3£18.5 6.4+16.5
DJK —9.9+24.1 7.1+13.4
P value 0.195 0.146
TS-CL (°) Non-DJK 359+17.6 26.6+11.2
DJK 39.3+18.7 31.5+153
P value 0.477 0.008"
cSVA (mm) Non-DJK 43.2+26.4 36.6£17.9
DJK 51.4+£22.9 47.5£15.7
P value 0.073 0.014"
CO0-C2 sagittal Cobb (°) Non-DJK 30.5+10.0 26.9+9.4
DJK 35.6+12.8 24.24+12.8
P value 0.087 0.223
McGregor’s Slope (°) Non-DJK 3.5+13.6 -3.6+9.5
DJK 4.7 +14.1 3.6+£9.2
P value 0.872 0.009"
LL-TK (°) Non-DJK 12.6+17.5 7.8£17.9
DJK 16.0+£16.0 10.5+15.7
P value 0.294 0.630

Bolded and asterisked values denote statistical significance between groups to P < 0.050.

CL indicates C2-C7 cervical lordosis; cSVA, C2-C7 SVA; Pl, pelvic incidence; PT, pelvic tilt; SVA, C7-S1 sagittal vertical axis; TK, T4-T12 thoracic kyphosis; TS-
CL, T1 slope minus CL.
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Figure 3. Case example of severe DJK. Baseline
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LEFT BLM

Baseline

Figure 4. Case example of progressive DJK.

Figure 4 shows a 73-year-old patient with DJK that
became progressively worse from 6-months (DJK angle:
—24.6°) to 1-year (DJK angle: —35.3°) postop. This patient
presented with multiple risk factors for progressive DJK,
including cervical kyphosis (C2-C7 CL: —25.5°), severe TS-
CL (53.0°), and global sagittal deformity (SVA: 52.8 mm).

Figure 5 shows a 60-year-old patient that developed
symptomatic DJK at 3 months (NDI: 50, mJOA: 13). This
patient had the following symptomatic DJK risk factors:
frailty (mCD-FI score: 0.42), severe baseline back pain (NRS
Back: 8/10), and baseline hyper-kyphosis (—69.8°).

Figure 6 presents a case example highlighting the rela-
tionship between DJK magnitude and offset from age-spe-
cific ideal LL-TK alignment. The left panel shows a patient
corrected within 8.2° of ideal postoperative LL-TK, with a
DJK angle of —20.6°. The right panel shows a patient with a
greater offset from ideal LL-TK (37.5°), and a correspond-
ingly greater DJK angle (—25.4°).

DISCUSSION

Junctional kyphosis is well studied in the context of surgery
for adult spinal deformity, with a number of studies explor-
ing the causes and risk factors for postoperative kyphotic
deformity at the uppermost instrumented vertebra.?® In
contrast, the underlying mechanisms and risk factors for
DJK are not well outlined in the literature. While some cases

1444  www.spinejournal.com

6-months postop

]

Standing

1-year postop

of DJK may result in a dramatic loss of correction that
requires surgical revision, other cases can be clinically
asymptomatic, having little overall impact on patient-
reported outcomes.** Previous studies have identified pre-
operative clinical and radiographic factors associated with
DJK; however, to date, no publications have investigated
specific risk factors for severe, symptomatic, and progressive
DJK types.® This study sought to further investigate factors
associated with the development of DJK following CD-
corrective surgery, highlighting risk factors for clinically
relevant DJK subtypes.

Compared to previous publications in the CD literature
which cite 1-year postoperative DJK rates around 24%, our
study showed a slightly higher overall DJK rate of 30%—an
increase that may be explained by our inclusion of patients
who developed DJK at 2-years postoperative.>® Of all the
DJK cases identified in our analysis, 61% were clinically
symptomatic, 24% were progressive, and 22% were radio-
graphically severe, defined as a postoperative DJK angle of
more than 20°. The DJK risk factors identified in the present
analysis, including combined surgical approach, use of Smith-
Petersen osteotomy, and severe sagittal malalignment, are all
consistent with DJK risk factors previously published in the
CD literature, and are comparable to risk factors associated
with PJK in patients undergoing surgery for adult spinal
deformity.®* These results further reinforce the prevailing
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Figure 5. Case example of symptomatic DJK.

assumption in the literature that the etiology of DJK is
complex, with multiple different contributing factors.
Across DJK categories, our study showed marked varia-
tion in the types of factors predicting DJK occurrence. For
example, while 60% and 80% of the top risk factors
associated with severe and progressive DJK, respectively,
were radiographic, the majority of risk factors associated
with symptomatic DJK were clinical. Random forest analy-
sis highlighted the preoperative clinical factors of frailty,
hand numbness, and neck pain/disability as all associated
with symptomatic DJK. Although DJK certainly has under-
lying biomechanical drivers, our study suggests that the
development of symptomatic DJK may be associated with
higher levels of baseline disability and wvulnerability to
environmental stressors. These results are among the first
in the CD literature to offer an explanation as to why some
cases of DJK are clinically relevant, and others are not.
Interestingly, our study showed a significant correlation
between magnitude of DJK angle and offset from age-
specific ideal thoracolumbar alignment. The relationship
between age and sagittal spinal alignment is well explored
in the literature, and recent research proposes age-specific
operative realignment goals for adult deformity
patients.”>**=*® 'An important study by Lafage et al

Spine

Baseline

3-months postop

demonstrated that for surgical adult spinal deformity
patients, overcorrection relative to ideal age-specific sagittal
alignment is associated with increased risk of proximal
junctional kyphosis (PJK), perhaps due to compensatory
reciprocal changes in the thoracic and lumbopelvic curves.*’
In the same study, Lafage er al also showed significant
positive correlations between PJK angle magnitude and
offset from age-specific ideal PT, PI-LL, and SVA alignment.
As our study similarly revealed a proportional relationship
between surgical overcorrection and magnitude of DJK
angle, our results seem to suggest that DJK may develop
as a result of inappropriate realignment.

The small sample size of DJK patients in this study,
particularly when stratified by DJK type subgroup, is a
key limitation of our study, limiting the statistical power
of our findings. Although the overall DJK risk factors
identified in our analysis are similar to those previously
published, the risk factors identified for each DJK type
subgroup likely reflect a spectrum of actual risks, some of
which are truly associated with the DJK type, and others
which are just the result of statistical noise. Additionally, it
is important to note that the age-specific LL-TK alignment
targets used in our analysis were developed in a population
of adult spinal deformity patients; they are not specific to
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Corrected within 8.2° of age-
specific ideal LL-TK alignment

Corrected within 37.5° of age-specific ideal LL-

TK alignment

Baseline

6-months postop

Baseline

3-months postop

Figure 6. Case examples demonstrating the relationship between offset from age-specific LL-TK and magnitude of DJK angle.

CD patient populations. We opted to use these non-CD-
specific alignment goals in our analysis because no such
alignment targets have been proposed for CD patients—this
is certainly an area of research that warrants further atten-
tion. Lastly, the CD cohort included in our analysis pre-
sented with severe preoperative deformity and was older,
with a mean age of 61years. The generalizability of our
results in a less deformed, less comorbid population
is uncertain.

CONCLUSION

For patients undergoing CD-corrective surgery, postopera-
tive offset from age-specific LL-TK alignment is associated
with greater DJK magnitude, suggesting that DJK may
develop as a result of inappropriate realignment. Across
patients grouped by severe, progressive, and symptomatic
DJK, there was appreciable variation in the factors associ-
ated with DJK occurrence. The results of this study further
illuminate the complex etiology of DJK, and suggest that
effective preoperative risk stratification may help mitigate
the incidence of clinically relevant DJK.
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> Key Points

O Distal Junctional Kyphosis, which can be broken
down into severe, progressive, and symptomatic,
is @ prevalent complication among adult Cervical
Deformity patients.

@ Top risk factors include radiographic, clinical, and
surgical components that vary in association by
Distal Junctional Kyphosis type.

O Patients with appropriate alignment postsurgery
had reduced instance of Distal Junctional
Kyphosis, indicating that this complication may
result due to alignment offset.
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