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Predicting the Occurrence of Postoperative Distal
Junctional Kyphosis in Cervical Deformity Patients

BACKGROUND: Distal junctional kyphosis (DJK) development after cervical deformity
(CD)-corrective surgery is a growing concern for surgeons and patients. Few studies have
investigated risk factors that predict the occurrence of DJK.

OBJECTIVE: To predict DJK development after CD surgery using predictive modeling.
METHODS: CD criteria was at least one of the following: C2-C7 Coronal/Cobb > 10°,
C2-7 sagittal vertical axis (cSVA) > 4 cm, chin-brow vertical angle > 25°. DJK was defined
as the development of an angle <—10° from the end of fusion construct to the second
distal vertebra, and change in this angle by <—10° from baseline to postoperative. Baseline
demographic, clinical, and surgical information were used to predict the occurrence of
DJK using generalized linear modeling both as one overall model and as submodels using
baseline demographic and clinical predictors or surgical predictors.

RESULTS: One hundred seventeen CD patients were included. At any postoperative
visit up to 1 yr, 23.1% of CD patients developed DJK. DJK was predicted with high
accuracy using a combination of baseline demographic, clinical, and surgical factors by
the following factors: preoperative neurological deficit, use of transition rod, C2-C7 lordosis
(CL)<—12°, T1 slope minus CL > 31°, and cSVA > 54 mm. In the model using only baseline
demographic/clinical predictors of DJK, presence of comorbidities, presence of baseline
neurological deficit, and high preoperative C2-T3 angle were included in the final model
(area under the curve = 87%). The final model using only surgical predictors for DJK
included combined approach, posterior upper instrumented vertebrae below C4, use of
transition rod, lack of anterior corpectomy, more than 3 posterior osteotomies, and perfor-
mance of a 3-column osteotomy.

CONCLUSION: Preoperative assessment and consideration should be given to these
factors that are predictive of DJK to mitigate poor outcomes.
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function.

While thoracolumbar deformities

ervical deformity (CD) includes a
C wide range of disorders and etiologies,
including spondylosis, trauma,
congenital, ankylosing spondylitis, among

others.!"? Severe CD can result in debilitating
disability related to decreased neurological

ABBREVIATIONS: AIC, Akaike's Information
Criterion; AUC, area under the curve; BMI, body
mass index; CBVA, chin-brow vertical angle; CCl,
Charlson Comorbidity Index; CD, cervical deformity;
Cl, confidence interval; CL, cervical lordosis; ¢SVA,
cervical sagittal vertical axis; DJK, distal junctional
kyphosis; OR, odds ratio; PI-LL, pelvic incidence
minus lumbar lordosis; PT, pelvic tilt; TS-CL, T1 slope
minus CL; UIV, upper instrumented vertebrae
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are more highly studied in the literature,
fewer studies exist examining assessments
and treatment techniques for CD.’” Recent
advancements have led to the development
of a classification system for CD and to
improvements in surgical techniques and
procedures performed; however, complica-
tions following CD-corrective surgery are
daunting.s‘6

The development of distal junctional kyphosis
(DJK) after CD surgery is a growing concern for
surgeons and patients. DJK is defined as a loss
of radiographic alignment 1 or 2 levels distal to
the lowest instrumented vertebra and has been
reported as resulting from adjacent level failure,
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spondylolisthesis, fixation failure, and other causes.” The
durability of CD correction remains a challenge, and there is a
lack of knowledge regarding specific predictors and causes of DJK
occurrence.8"1°

Predictive analytics have been widely used in other fields of
medicine to assess patient-specific factors that predict an outcome
of interest. However, for spine surgery outcomes, this statistical
method has not been utilized as frequently. Given that surgeons
and their patients are investing in obtaining the best possible
outcome for each patient after surgery, identifying factors as risk
factors for development of a complication are highly important.
One recent study created a statistical model that predicted poor
postoperative surgical outcomes after thoracolumbar deformity
surgery, including radiographic and surgical predictors of a poor
outcome.'! In the cervical spine literature, however, no studies of
this sort exist examining patient-specific predictive factors for a
poor radiographic outcome following CD-corrective surgery.

Few studies have investigated baseline and procedural risk
factors that predict the occurrence of DJK in a CD population.
Therefore, the aim of this study was to predict DJK development
after CD-corrective surgery using predictive modeling incorpo-
rating demographic, clinical, and surgical predictive factors.

METHODS

Data Source

A prospectively-collected database consisting of enrolled CD patients
from 13 sites within the United States was retrospectively reviewed.
Prior to commencement of the study, informed consent was given by
each patient included in the study and approval from the Internal
Review Board was obtained at each participating site. Parameters for
inclusion were set based on the ages of patients being >18 yr and
radiographic evidence of CD at baseline assessment, which is defined
as the presence of at least one of the following: C2-7 sagittal vertical axis
(cSVA) > 4 cm, chin-brow vertical angle (CBVA) > 25°, cervical scoliosis
(C2-7 coronal Cobb angle > 10°), or cervical kyphosis (C2-7 Cobb
angle > 10°). Furthermore, CD patients who had available baseline and
1-yr follow-up data following the radiographic inclusion criteria were
included in the study while patients with active tumors or infections were
excluded.
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Data Collection

Patient clinical data and demographics such as age, sex, Charlson
Comorbidity Index (CCI), body mass index (BMI), and prior cervical
surgery were collected. Additionally, data on surgical trends such as
operative time, surgical approach, number of levels fused, use and
number of osteotomies, off-label use of bone-morphogenetic protein 2,
instrumentation used, and estimated blood loss were collected.

Patients were evaluated at baseline and a 1-yr postoperative follow-
up visit using full-length free standing lateral spine radiographs (36"
long-cassette). Radiographic analysis was completed at a single center
with standard techniques using SpineView® (ENSAM, Laboratory of
Biomechanics, Paris, France).!?"' Spinopelvic parameter measurements
consisted of pelvic incidence minus lumbar lordosis (PI-LL), sagittal
vertical axis (SVA), and pelvic dle (PT). Cervical spine parameters
measured encompassed C2-C7 lordosis (CL), CBVA, c¢SVA, and T1
slope minus CL (TS-CL).

Patient Grouping

The development of DJK was defined as the progression of an angle
<—10° from the end of fusion construct to the second distal vertebra
in addition to a change in the same angle by <—10° from baseline to
postoperative time point (either 3-mo, 6-mo, or 1-yr follow-up).

Statistical Analyses

The baseline demographics, clinical, and surgical characteristics
of subjects were first summarized using descriptive statistics in
mean = standard deviation for continuous variables or counts (%) for
categorical variables. Each variable’s “predictability” was then assessed
using logistic regression in univariable and multivariable manners as
follows. A univariable analysis was done for an initial data analysis in
order to present variables that were statistically significant and clini-
cally meaningful. Variables that displayed a P of < .10 in the initial
analysis and were clinically significant were then entered into the
multivariable model. Using the Akaike’s Information Criterion (AIC),
a stepwise forward regression was completed to select variables that
should be included in each of the success measure models. A statistical
improvement in the model was achieved for every additional variable
in the stepwise process by significantly lowering the analogous AIC.
Finally, an assessment of the internal validity was completed with a
bootstrapping procedure.!® The entire modeling process was repeated to
include variable selection in 200 samples drawn with replacement from
the original sample. The performance of the selected prediction model
and the simple rule that was developed from each bootstrap sample in
the original sample were determined. Included performance measures
were sensitivity, the average area under the receiver operating character-
istic curve, and specificity for outcome measures.

Since some patients were missing preoperative and surgical variables
not all regressions consisted of the same number of patients. Patients were
excluded from the model if there was missing data for an outcome. The
initial stepwise regression only consisted of patients that had all variables
present, but after selecting for significant variables the regression model
was repeated to include as much data that was available.

To ensure that the number of individuals was adequate for the number
of predictors, a minimum of 10 events for each covariate were included
in all of the models.'® With a total of 117 individuals, the multivariable
model could include up to 11 independent variables. Due to the limited
available samples, one overall model and submodels were considered
using (1) baseline demographic and clinical predictors and (2) surgical
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TABLE1. Patient Demographics and Surgical Details for the Overall
Cohort as Well as Between the DJK Patients and the Non-DJK
Patients (P-Value Compared DJK to Non-DJK)

Patient

descriptives Overall cohort DJK Non-DJK Pvalue

Mean age (years) 607 £ 106 599 + 113 609 + 104 .687
% Female 61.4% 70.4% 58.6% 193
Mean BMI (kg/m?) 29.8 & 85 2979 + 9.11 29.80 & 832 .998
Mean CCI 097 £130 0.85+.093 1.00 £+ 138 .647
Depression 35 (30.7%) 44.4% 26.4% .065
History of 42 (38.2%) 37.5% 34.2% 473
smoking

Osteoporosis 15 (13.2%) 18.5% 11.5% .260
Prior cervical 44 (39.3%) 40.7% 38.8% 516
spine surgery

Levels fused 72 £+ 36 8.07 + 377 7.0 + 357 179
Three-column 19 (16.2%) 18.5% 15.6% 458

osteotomy

Significance was set at P < .05.

predictors. An odds ratio (OR) was estimated for each predictor along
with the 95% CI and P value with the probability of being in the
“DJK” outcome as the model. All statistical analyses were conducted
in R-statistical package (www.r-project.org). Statistical significance of
P-value < .05 was considered to be relevant.

RESULTS

Patient Demographics

One hundred seventeen CD patients were included
(60.7 £+ 10.6 yr, 61.4% female, BMI: 29.8 + 8.5 kg/m?
Table 1). The most common diagnoses for these CD patients
were degenerative kyphosis (50.9%), cervical stenosis (12%), and
iatrogenic kyphosis (10.9%). 30.7% had depression, 38.2% had
a history of smoking, and 13.2% had osteoporosis. 39.3% of
patients had a prior cervical spine surgery. At any postoperative
visit up to 1 yr, 27 (23.1%) CD patients developed DJK.

Patients who developed postoperative DJK did not differ in
demographics or surgical details compared with patients who did
not develop DJK (Table 1). Twenty two (81.5%) of patients
developed DJK by 3-mo follow-up, with 4 (14.8%) developing
DJK by 1-yrand 1 (3.7%) at 6-mo follow-up. The location of the
lowest instrumented vertebra for patients who developed DJK is
shown in Figure 1. Of 27, 16 DJK patients developed severe DJK
(with an angle <—20°). 4 patients underwent a reoperation for

the developed DJK.

Surgical Details

CD correction for these patients involved a mean 7.2 &+ 3.6
levels fused, with 45.3% posterior, 19.7% anterior, 35%
combined approach surgeries. 16.2% of cases had a 3-column
osteotomy performed.
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Pre- and Postoperative Radiographic Alignment

DJK patients had significantly more severe cervical
malalignment at baseline, with higher TS-CL (44.5° vs 34.8°),
CL (~16.6° vs =5.7°), ¢SVA (55.6 mm vs 41.5 mm), C2-T3
angle (-28.6° vs —13.5°), and C2 slope (46.2° vs 34.2°, all
P < .05). All parameters significantly more malaligned in the
DJK patients at baseline were significantly worse at 1 yr in the
DJK population after correction except for CL (Table 2).

Health-Related Quality of Life Scores

Baseline health-related quality of life scores did not differ
between DJK and non-DJK patients (Table 3). The only postop-
erative health-related quality of life score that significantly differed
between DJK and non-DJK patients was 3-mo postoperative
Neck Disability Index score.

Combined Demographic and Surgical Predictors DJK
Occurrence

DJK was predicted with high accuracy with a combined
model using baseline demographic, clinical, and surgical factors
by the following factors: hand muscle atrophy (OR: 5.9, CI:
0.44-78.92), preoperative neurological deficit (OR: 4.18, CI:
0.93-18.87), use of transition rod (OR: 3.51, CI: 0.83-14.79),
cSVA > 54 mm, CL < —12°, and TS-CL > 31° (area under
the curve [AUC] = 87%, Table 4A). The combined model
was applied to patients stratified by baseline Ames deformity
type. According to the guidelines for cSVA, 55.3% of patients
were categorized with low deformity, and with application of
the model, produced an R? of 0.377 (P = .017) and 44.7%
as moderate deformity with R* of 0.310 (P = .025). TS-CL
modifier stratification had 5.4% of patients categorized with low
deformity and 4.5% moderate at baseline, neither of which had
patients included who developed DJK. TS-CL high deformity
patients (90.2%) produced an R? of 0.255 (P=.002). With Ames
horizontal modifier severity, those with low deformity (22%)
had insignificant predictive power of DJK development with the
final model (P = .896), while moderate (45.1%) (R = 0.512,
P = .047) and high (33%) (R? = 0.546, P = .039) were.

Baseline Demographic and Clinical Predictors of DJK
Occurrence

In the model using only baseline demographic and clinical
predictors of DJK, presence of comorbidities (most commonly
diabetes, hypertension, and depression), presence of baseline

neurological deficit, and high preoperative C2-T3 angle were
included in the final model (AUC = 87%, Table 4B).

Surgical Predictors of DJK Occurrence

DJK occurrence could be predicted with high accuracy
(AUC = 819%) using only surgical predictors using the following
combination of factors (Table 4C): combined approach (OR: 7.9,
CIL: 1.7-37.1), posterior Upper Instrumented Vertebrae (UIV)
below C4 (OR: 0.59, CI: 0.33-1.1), use of transition rod (OR:
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FIGURE 1. The distribution of the location of the lowest instrumented vertebra for patients who developed DJK.

TABLE 2. Radiographic Alignment Parameters at Baseline and 1-Year Compared Between DJK and Non-DJK Patients
Baseline 1-Year
DJK Non-DJK Pvalue DJK Non-DJK Pvalue

Pelvic tilt (°) 19.67 £ 12.07 19.25 + 1.5 .868 20.0 £+ 122 18.31 + 10.9 560
PI-LL (°) -0.8 £+ 2146 235 + 181 451 0.03 + 22 334 £+ 16.6 484
T4-T12 thoracic kyphosis (°) -40.37 £ 17.71 -3759 £+ 15.16 426 -46 + 17.2 -409 £ 15 231
T1slope (°) 28.09 + 1217 29.14 + 17.31 730 363 + 144 335 + 14.9 482
TS-CL (°) 4452 + 16.6 3479 + 18.97 .024* 341 £ 144 253 £ 119 on
C2-C7 lordosis (°) -16.62 + 17.47 -5.69 + 21.6 .024* 22 + 14.6 83 £ 15.9 152
cSVA (mm) 55.65 + 20.77 4147 £ 262 .016* 482 + 16.1 382 £+ 182 .039
C2-T3angle (°) -28.64 + 2336 -13.47 + 2017 .002* -874 + 13 11 4181 .035
C2-T3 SVA (mm) 85.8 £+ 3223 7213 £ 41.64 137 85.8 + 233 727 £ 292 .086
C2 slope (°) 46.23 4+ 19.71 34.21 4+ 19.65 .009* 33.8 £ 14.9 24 + 127 .008
SVA (mm) -11.6 £ 68.02 536 £+ 7033 281 16.1 + 69 235 + 69.1 .691

Significance was set at P < .05 and noted by an asterisk (*).

2.8, CI: 0.8-10.2), lack of anterior corpectomy (OR: 0.5, CI: 0.2-
1.1), more than 3 posterior osteotomies (OR: 1.4, CI: 1.1-1.8),
and performance of a 3-column osteotomy (OR: 2.9, CI: 0.8-
11.3).

Case Examples

Two patients who developed DJK postoperatively are displayed
in Figures 2 and 3. Figure 2 shows a 59-yr-old female CD patient
who underwent a 15 level fusion. At baseline, the C2-T3 angle
was —68.5°, TS-CL was 71.3°, CL was —20.8°, and ¢cSVA was 91.7
mm. This patient developed DJK by 3 m postoperative, predicted
by her depression, osteoporosis, and Hoffman’s sign at baseline.
The patient also had surgical predictors of DJK including the

NEUROSURGERY

use of a posterior transition rod and 5 osteotomies. Figure 3
displays a 76-yr-old female CD patient who underwent a 10 level
fusion. At baseline, the TS-CL was 44.4°, CL was —13.1°, ¢SVA
was 50.9 mm. DJK developed by 3 mo, with primarily surgical
predictors, including combined approach, use of a transition
rod, 4 posterior osteotomies, and no baseline neurological

deficit.

DISCUSSION

DJK development after CD surgery is a growing concern
for surgeons and patients. With the lack of knowledge
regarding specific predictors and causes of DJK occurrence, it is
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TABLE 3. Baseline and Postoperative Health-Related Quality of Life
(HRQL) Scores Compared Between DJK and Non-DJK Patients

HRQL DJK No DJK Pvalue

NRS back 535+ 286 520 4310 .833
NRS neck 7.08 +£212 6.88 + 238 701
NDI 49.04 &+ 17.74 4859 + 1714 910

Baseline

mJOA 1378 +£ 232 1348 + 280 .638
EQ-5D 073 £ 0.06 074 £ 0.06 .425
Three-month postop NRS back 5+ 31 515 +£313  .839

NRSneck 3.69 + 278 432 + 274 325
NDI 36.15 + 18.66 44.84 + 18.05 .039*
mJOA 15 4+£228 1379 + 284 .061
EQ-5D 076 = 0.07 075 £ 0.08 .659
NRS back 478 £ 273 481 +312 969
NRS neck 4.44 +266 413 £ 31 .697

One-year postop

NDI 3553 £ 2112 367 £+ 20.02 .832
mJOA 1471 + 2.82 14 £3.09 398
EQ-5D 08 £0.05 078 £0.07 353

NRS = Numeric Rating Scale; NDI = Neck Disability Index; mJOA = modified Japanese
Orthopedic Association; EQ-5D = EuroQol Five Dimensions. Significance was set at
P < .05 and noted by an asterisk (*).

imperative to better understand what these factors are and how
they contribute to DJK to improve patient outcomes.®!* Limited
literature exists regarding specific baseline and procedural factors
that can predict DJK development after CD-corrective surgery.

Therefore, we sought to develop predictive models for DJK devel-
opment in a CD cohort. We found that DJK occurred in 23.1%
of our surgical CD cohort.

DJK occurrence was predicted with high accuracy
(AUC = 87%) using a combination of demographic, clinical, and
surgical factors. The model was applied to different deformity
severity at baseline, by way of the Ames CD classification system,
and demonstrated predictability across most severity groups.
Development of DJK occurred most commonly within 3 mo
postoperatively, which is similar to previously reported rates of
proximal junctional kyphosis timing.!”"'® Additionally, DJK
patients had significantly more severe cervical malalignment at
baseline, as measured by TS-CL, CL, ¢SVA, C2-T3 angle, and C2
slope. Our model that included a combination of demographic,
clinical, and surgical predictors of DJK included higher baseline
sagittal malalignment, with CL <—12°, TS-CL > 31°, and
cSVA > 54 mm. These radiographic factors are specific to a CD
cohort, given that these parameters have been well documented
in the literature as indicative of sagittal malalignment.’"!? In CD
surgery, the hypermobile cervical spine is fused and the lower
portion of the spine is unfused; however, the stressors are still the
same as for proximal junctional kyphosis.

These findings in a CD cohort are the ancillary to the results in
the lumbar spine looking at proximal junctional kyphosis. One
meta-analysis reported that preoperative sagittal malalignment
is a risk factor for proximal junctional kyphosis, with higher
preoperative SVA, thoracic kyphosis, pelvic incidence, and lower

TABLE 4. Final Prediction Models for Postoperative DJK Development
OR Lower Cl Upper CI P value

A. Model with all factors
Hand muscle atrophy at baseline 5.909 0.442 78.916 179
Presence of baseline neurological impairment 4.184 0.929 18.87 .062
Posterior transition rod use 3.509 0.832 14.79 .087
Baseline cSVA 1.081 1.016 1151 .014
Baseline C2-C7 lordosis 0.938 0.885 0.993 .028
Baseline TS-CL 0.933 0.863 1.01 .085
AUC 0.8656

B. Demographic/clinical predictors
Presence of comorbidities (diabetes, 11.905 1.302 MmN .028

hypertension, and depression most common)

Presence of baseline neurological impairment 4.566 1335 15.625 .015
Baseline C2-T3 angle 0.962 0.935 0.990 .009
AUC 0.868

C. Surgical predictors
Approach 7.868 1.667 37129 .09
Use of 3-column osteotomy 2.938 0.764 11.308 17
Posterior transition rod use 2.769 0.754 10.166 125
Number of posterior osteotomies 1.402 1m3 1.767 .004
Posterior UIV 0.585 0.325 1.054 .074
Number of anterior corpectomies 0.503 0.230 1.100 .085
AUC 0.805

(A) Model including all demographic, clinical, and surgical factors predictive of DJK. (B) Model utilized only baseline demographic and clinical predictors of DJK. (C) Only surgical

predictors were included in this model to predict DJK.
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FIGURE 2. Cuse example of a 59-yr-old female cervical deformity patient with severe baseline malalignment who developed
DJK by 3-mo postoperative. This patient had clinical predictors of depression, osteoporosis, and Hoffimans sign at baseline.

sacral slope and pelvic retroversion have all been shown to occur
prior to proximal junctional kyphosis.?’?* Other predictors
in the overall predictive model included preoperative neuro-
logical deficit and the use of a transition rod. These factors have
also previously been reported in the thoracolumbar proximal
junctional kyphosis literature as risk factors.”

Though still understudied in the literature, several recent
reports have investigated DJK development and risk factors in
prospective CD' cohorts.?*?* Recent reports have shown that
more levels fused, higher grade osteotomies, and use of posterior
transition rods all occurred at higher rates for CD patients
who developed DJK than those who did not have DJK.**

Another study used random forest analysis to rank significant

NEUROSURGERY

risk factors for DJK development in a CD population, finding
that baseline radiographic malalignment with CD-specific param-
eters including TS-CL and CL, as well as combined approach and
higher grade osteotomies were significant risk factors for DJK.?°
These findings are in line with the results of our predictive models
shown here; however, our analysis has combined these factors into
predictive models using stepwise selection.

DJK development up to 1 yr postoperative for CD-corrective
surgery was predicted with high accuracy using only baseline
demographic and clinical factors (AUC = 87%). The presence
of comorbidities was one of the significant predictors of DJK in
this model, with diabetes, hypertension, and depression being
the most common comorbidities. Baseline neurological deficit
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WT BEARING

FIGURE 3. Cuse example of a 76-yr-old female cervical deformity patient with severe baseline malalignment who developed
DJK by 3-mo postoperative. This patient had mostly surgical predictors of DJK, including combined approach, use of a

transition rod, 4 posterior osteotomies with no baseline neurological deficit.

was another significant predictor of DJK in this demographic
and clinical variables model, possibly resulting from changes in
patients’ neurological function and balance maintenance that
might lead to altered postural alignment. Additionally, preoper-
ative C3-T3 angle was predictive of DJK in this model, which
adds to the growing body of literature that preoperative sagittal
malalignment contributes to the development of junctional
kyphosis. Previous studies have shown that CD patients have a
wide range of comorbidities and frailty indicators that put patients
at risk for complications, which could contribute to the devel-
opment of DJK.2

DJK occurrence was predicted with high accuracy using only
surgical variables (AUC = 81%). Combined approach surgeries
were the strongest predictor of DJK in this model (OR: 7.9, CI:

E44 | VOLUME86 | NUMBER1 | JANUARY 2020

1.7-37.1), which mirrors previous research on junctional kyphosis
development. Studies have reported that surgical approach is an
important consideration in minimizing junctional kyphosis.*’-**
Other significant factors included posterior UIV below C4,
transition rod use, more than 3 posterior osteotomies, and
3-column osteotomies, suggesting that altering the biomechanics
of the spine influences stabilization of the spine and can lead to
mechanical failure and DJK development.

Additionally, we did not find differences in clinical outcomes
between patients with and without DJK, which is similar
to results from adult spinal deformity literature on proximal
junctional kyphosis, which showed no differences in clinical
outcomes at early follow-up.?’ Longer term follow-up on
this cohort of patients is needed in order to better assess
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demographic and clinical outcomes for patients with and without

DJK.

Limitations

We appreciate several limitations to our study. Firstly, the retro-
spective nature of this study might limit the findings; however,
since the patients were enrolled from many centers across the
continental United States, this might increase the generalizability
of our findings. There is significant variability in the baseline
inclusion of CD, but all patients are operative and underwent
specifically correction of their CD. A limitation that lies in the
database, and with this current study, is that it is uncertain if
our conclusions can be externally validated and generalized to a
broader CD patient population due to a relatively heterogeneous
population and small sample size, also contributing to a lack of
power in large categorical variables. A limitation to the models
created is that many variables were assigned to relatively few
patients. It is possible that the model may suffer from overfitting,
and as a result may not be generalizable to other patients. A larger
sample size may help address this issue and should be validated
in other CD populations. Secondly, there was no control group
of CD patients who underwent nonoperative treatment, which
potentially limits conclusions drawn in regards to outcomes.
Additionally, there were no magnetic resonance imaging available
for these CD surgical patients who assess any ligamentous or disc
degeneration causes of DJK. This study also has limited granu-
larity of neurological abnormalities for this cohort of patients.

CONCLUSION

There was a 23.1% prevalence of DJK in a cohort of
117 CD patients undergoing surgical correction. DJK was
predicted with high accuracy using a combination of neurological,
surgical, and primarily radiographic factors, most markedly 3-
column osteotomy use, combined approach, TS-CL > 31° and
cSVA > 54 mm. Preoperative assessment and consideration
should be given to these factors that are predictive of DJK to
mitigate poor outcomes.
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