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Development of Validated Computer-based
Preoperative Predictive Model for Proximal
Junction Failure (PJF) or Clinically Significant PJK
With 86% Accuracy Based on 510 ASD Patients
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Study Design. A retrospective review of large, multicenter

adult spinal deformity (ASD) database.
Objective. The aim of this study was to build a model based

on baseline demographic, radiographic, and surgical factors that

can predict clinically significant proximal junctional kyphosis

(PJK) and proximal junctional failure (PJF).
Summary of Background Data. PJF and PJK are significant

complications and it remains unclear what are the specific drivers
 Copyright © 2016 Wolters Kluwer

d the development of either. There exists no predictive

l that could potentially aid in the clinical decision making

ult patients undergoing deformity correction.
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Methods. Inclusion criteria: age �18 years, ASD, at least four

levels fused. Variables included in the model were demo-

graphics, primary/revision, use of three-column osteotomy,

upper-most instrumented vertebra (UIV)/lower-most instrumen-

ted vertebra (LIV) levels and UIV implant type (screw, hooks),

number of levels fused, and baseline sagittal radiographs [pelvic

tilt (PT), pelvic incidence and lumbar lordosis (PI-LL), thoracic

kyphosis (TK), and sagittal vertical axis (SVA)]. PJK was defined

as an increase from baseline of proximal junctional angle �208
with concomitant deterioration of at least one SRS-Schwab

sagittal modifier grade from 6 weeks postop. PJF was defined

as requiring revision for PJK. An ensemble of decision trees

were constructed using the C5.0 algorithm with five different

bootstrapped models, and internally validated via a 70 : 30

data split for training and testing. Accuracy and the area

under a receiver operator characteristic curve (AUC) were

calculated.
Results. Five hundred ten patients were included, with 357 for

model training and 153 as testing targets (PJF: 37, PJK: 102). The

overall model accuracy was 86.3% with an AUC of 0.89

indicating a good model fit. The seven strongest (importance

�0.95) predictors were age, LIV, pre-operative SVA, UIV implant

type, UIV, pre-operative PT, and pre-operative PI-LL.
Conclusion. A successful model (86% accuracy, 0.89 AUC)

was built predicting either PJF or clinically significant PJK. This

model can set the groundwork for preop point of care decision

making, risk stratification, and need for prophylactic strategies

for patients undergoing ASD surgery.
Key words: adult spinal deformity, predictive modeling,
proximal junctional failure, proximal junctional kyphosis,
sagittal malalignment, scoliosis.
 Health, Inc. All rights reserved.
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T
he postoperative risks of adult spinal deformity
(ASD) surgery1–7 can be separated into the immedi-
ate peri-operative period, and the delayed compli-

cations of surgery such as proximal junctional kyphosis
(PJK).8–17 The incidence of PJK ranges from 20 to
40%10,16,18–20 with variable impact on quality of l-
ife.8,21–24 In addition, the clinical impact of PJK can vary
from a benign radiographic finding to a severe form of PJK,
termed proximal junctional failure (PJF), which may result
in compromised structural integrity, neurological deficit,
and the need for revision surgery.13,25–27 Patients with
PJF generally have a worse clinical course.13,25,28

Identifying patients before the operation that will have a
successful outcome with minimal or no complications is
difficult. A pre-operative, patient-specific model that can
predict the likelihood of developing PJK and/or PJF does not
exist. There is a strong need for such model, as this can be
beneficial for both the patient and surgeon. The surgeon can
plan accordingly for the operation by employing additional
techniques and preventative measures at the level that is at
highest risk of failure.12 Such a targeted approach at com-
plication avoidance, informed by preoperative data, could
reduce the overall complication rate and thus decrease
patient morbidity.29

Current predictive analytics methods allow for the
creation of accurate, patient-specific, predictive models that
can aid in clinical decision making. Although traditional
statistical methods, including regressions, provide insight
into what variables and patient characteristics might carry
the highest risk, these methods are limited for use in devel-
oping patient-specific predictive models.30 They generally
use averages not accounting for individual changes or pro-
duce odds/hazard ratios for each variable. Moreover, they
are bound by many assumptions and designed to test a
specific hypothesis, whereas predictive analytic algorithms
are designed to identify patterns in the data that allow for
accurate predictions without the need for a hypothesis. As a
result, when using predictive modeling, the final interpret-
ation of the data can provide a tangible number that can be
readily used when discussing the risk with a patient that is
deciding to undergo an operation. The goal of this study was
to create a predictive model based on baseline demographic,
radiographic, and surgical factors that can predict PJF or
clinically significant PJK within 2 years following surgery.

MATERIALS AND METHODS

Patient Population
This study is a retrospective review of a large ASD database.
Three separate databases were combined in order to maxi-
mize the available patients for model building. The three
databases included a prospective ASD database, a retro-
spective three-column osteotomy ASD database, and a ret-
rospective ASD database. For all three databases, the
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inclusion criteria were age >18 years and presence of spinal
deformity, as defined by scoliosis Cobb angle �208, sagittal
vertical axis (SVA) �5 cm, pelvic tilt (PT) �258, and/or

Spine
thoracic kyphosis (TK) �608. Exclusion criteria for all
included spinal deformity of a neuromuscular etiology
and presence of active infection or malignancy. In addition
to the above criteria, patients were selected if a minimum of
four vertebral levels were fused and there was complete 2-
year follow-up. A cohort of 510 patients was identified on
the basis of the above criteria and included in the construc-
tion of the model. This form of patient selection is accepted
in predictive modeling, as the goal is to produce a model that
accurately predicts the target of interest for the given vari-
ables available.30

Data Collection, Radiographic Assessment, and
HRQOL
The demographic and clinical data collected included
patient age, gender, body mass index (BMI), and primary
versus revision surgery. Surgical data collected included the
presence of a three-column osteotomy (pedicle subtraction
osteotomy or vertebral column resection), upper-most
instrumented vertebra (UIV), UIV implant type (hooks or
screws), the lower-most instrumented vertebra (LIV), and
the number of posterior vertebral levels fused. The surgical
variables were added with the intention that the same
factors would be derived from a pre-operative surgical plan
for a complete pre-operative predictive model.

Full-length free-standing lateral spine radiographs (36’’
cassette) at baseline, 6 weeks, 3 months, 1-year, and 2-year
follow-up were analyzed using validated software31,32

(Spineview; ENSAM, Laboratory of Biomechanics, Paris,
France). All radiographic measures were performed at a
central location on the basis of standard techniques33 and
included coronal Cobb angles of thoracic and lumbar
curves, TK (TK, T4-T12; Cobb angle between superior
endplate of T4 and inferior endplate of T12), lumbar lor-
dosis (LL, Cobb angle between superior endplate of L1 and
superior endplate of S1), SVA (offset of C7 plumbline
relative to S1), PT, and the mismatch between pelvic inci-
dence (PI) and LL (PI-LL). On the basis of the above radio-
graphic parameters, patients were additionally stratified by
the SRS-Schwab ASD classification.34

Patients were grouped as either having clinically signifi-
cant PJK or PJF (PJK/PJF) at any postoperative time point up
to 2 years postoperative or not (NONE). Clinically signifi-
cant PJK was defined as an increase in the proximal junc-
tional angle (PJA) by 208 or more compared with baseline
and deterioration by at least one SRS-Schwab sagittal modi-
fier grade from the 6 weeks postoperative time point of
interest. PJA angle was measured from the inferior end plate
of the UIV to the superior end plate two levels above the
UIV. PJF was defined as requiring revision surgery for PJK.

Statistics and Predictive Model Construction
Continuous variables were described with the mean and
standard deviation. Baseline variables were compared

tive Predictive Model for PJF or Clinically Significant PJK � Scheer et al
 Health, Inc. All rights reserved.

between the groups. Normality of data was determined
using the Shapiro-Wilk test. Comparison of baseline means
between the groups included Student t test with Tukey

www.spinejournal.com E1329



TABLE 1. Means�1 Standard Deviation for the Demographics of all the Patients as Well as Each
Group

All Patients PJK/PJF NONE P

Number 510 139 371

Age 57.2� 13.9 63.3�10.9 54.9�14.2 <0.0001�

Female: male 396:114 113:26 283:88 0.2199

BMI 27.3� 5.9 28.1�5.4 27�6 0.0143�

�Values in bold marked with represent a statistically significant difference between the PJK/PJF and NONE groups.

rati
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Honest Significant Difference test to control for type I error
or Wilcoxon summed ranked tests where appropriate. Fre-
quency analyses for categorical variables were conducted
via Pearson’s x2 analysis. All statistical analyses were con-
ducted using commercially available software (SPSS v22;
IBM, Armonk, NY) and the level of significance was set at
P<0.05 for all tests.

For the predictive model, categories were created for UIV
and LIV. UIV categories included cervical, T1-T5, T6-T9,
and T10-L3. LIV categories included T11-L2, L3-L5, and
sacroiliac (S1-ilium). Missing values within the database
were imputated using standard techniques such as mean and
median imputation.30 Once a complete dataset was con-
structed, a supervised ensemble of decision trees was con-
structed with the target variable being binary that included
(1) patients who had clinically significant PJK or PJF, as
defined above, or (0) not having PJK or PJF over the 2 years
postoperative. The decision tree algorithm was C5.0 and
five different bootstrapped models were built.30 Internal
validation was accomplished via a 70 : 30 data split for
training and testing the model, respectively.30 Final overall
predictions from the models were combined and chosen by
voting with random selection for tied votes. Overall
accuracy and the area under a receiver operator character-
istic curve (AUC) were calculated as well as predictor
importance as determined by the model. The model was
built using commercially available software (SPSS Modeler
v16; IBM, Armonk, NY).

RESULTS

Patient Population
Of the total 510 patients, 357 (70%) were used for model
training and 153 (30%) were used for testing the model. The
percent split was randomly determined, but it is within the
acceptable splitting percent options for predictive model-
ing.30 There were 139 (27.3%) targets as defined above
(PJF: 37, PJK: 102) and 371 (72.7%) patients who did not
meet criteria for clinically significant PJK or PJF (NONE).
There were 396 (77.6%) women and 114 (22.3%) men and
the mean age was 57.2�13.9 years with mean BMI of

2

NONE indicates patients who did not develop PJK or PJF over 2 years postope
 Copyright © 2016 Wolters Kluwer

27.3�5.9 kg/m (Table 1). The PJK/PJF group was signifi-
cantly older and had a greater mean BMI (P<0.05 for both,
Table 1). The PJK/PJF group had a higher proportion of

E1330 www.spinejournal.com
patients with baseline SRS-Schwab coronal curve class of
N (52.2% vs. 38.8%, P<0.05, Table 2). The proportions of
SRS-Schwab sagittal modifier grades were also significantly
different between the groups with the PJK/PJF group having
more patients in the þ and þþ grades (P<0.05, Table 2).

Surgical Data
Both groups had statistically similar proportions of patients
who underwent a revision versus primary surgery and who
had a three-column osteotomy (P>0.05 for both, Table 3).
The mean number of posterior levels fused was also stat-
istically similar between groups (P>0.05, Table 3). How-
ever, the PJK/PJF group had a significantly higher
proportion of patients with a UIV in the thoracolumbar
region (T10-L3) and a LIV in the sacroiliac region (L5-S1)
(P<0.05 for both, Table 3). The PJK/PJF group had a
significantly higher proportion of patients with screws as
the UIV implant type (as opposed to hooks) than the NONE
group (P<0.05, Table 3).

Radiographic Data
The PJK/PJF group had significantly greater mean baseline
PT, PI-LL, and SVA than the NONE group (P<0.05 for all,
Table 4). Both groups had similar baseline mean TK
(P>0.05).

Model Results
The overall model accuracy was 86.3% with an AUC of
0.89 indicating a good model fit. The seven strongest pre-
dictors were (importance �0.95 as determined by the
model) age, LIV, pre-operative SVA, UIV implant type,
UIV, pre-operative PT, and pre-operative PI-LL (Table 5).
Case examples of patients that were correctly predicted to
develop PJK/PJF or not within the testing dataset are pre-
sented in Figures 1 (A–D) and 2 (A–D).

DISCUSSION
We have used a large cohort of ASD patients who underwent
surgical correction to construct an accurate, internally vali-
dated, pre-operative predictive model for developing PJK or
PJF over the course of 2 years postoperatively. The surgical

ve; PJF, proximal junctional failure; PJK, proximal junctional kyphosis.
 Health, Inc. All rights reserved.

variables were added retrospectively under the assumption
that these could be part of a pre-operative surgical plan. This
model sets the framework to create a website or other

November 2016



TABLE 2. The Percentage of Patients for Each Grade With the Baseline SRS-Schwab Coronal Curve
and Sagittal Modifier Classification for all of the Patients as well as the PJK/PJF and NONE
Groups

Preop SRS-Schwab
Coronal Curve All Patients PJK/PJF NONE P

Type N 42.5% 52.2% 38.8%

0.0025�
Type T 4.0% 1.4% 5.0%

Type L 32.3% 33.3% 32.0%

Type D 21.2% 13.0% 24.2%

Preop SRS-Schwab PT modifier
0 29.2% 18.7% 33.2%

0.0044�þ 35.1% 39.6% 33.4%

þþ 35.7% 41.7% 33.4%

Preop SRS-Schwab GA modifier
0 33.8% 22.6% 38.0%

0.0040�þ 21.8% 24.8% 20.7%

þþ 44.4% 52.6% 41.3%

Preop SRS-Schwab PI-LL modifier
0 33.5% 25.2% 36.7%

0.0394�þ 15.3% 15.8% 15.1%

þþ 51.2% 59.0% 48.2%
�Values in bold marked with represent a statistically significant difference between the PJK/PJF and NONE groups. See the Materials and methods section and

tion
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mobile (i.e., tablet) application for calculating the risk of
developing PJK/PJF in real-time as a point-of-care device.

The predictive modeling we used is a distinct form of

Figure 1 for the description of the SRS-Schwab adult spinal deformity classifica

NONE indicates patients who did not develop PJK or PJF over 2 years postope
 Copyright © 2016 Wolters Kluwer

analysis from traditional regression in a few different
ways.30 It involves complex algorithms that identify pat-
terns in large data sets, which then allow for prediction of a

TABLE 3. The Number and Percentage of Patients i
Patients, PJK/PJF Group, and the NONE

Surgical Data All Patients PJK/P

Number 510 139

Primary: revision 200 : 310 57 : 8

Mean number posterior
levels fused (range)

11.8�3.7 11.3�

3-column osteotomy 289 (56.7%) 83 (59

UIV levels
Cervical 7 (1.4%) 1 (0.7

T1-T5 248 (48.6%) 52 (37

T6-T9 61 (12%) 18 (12

T10-L3 194 (38%) 68 (48

UIV implant types
Hook 90 (17.6%) 14 (10

Screw 420 (82.4%) 125 (89

LIV levels
T11-L2 31 (6.1%) 3 (2.2

L3-L5 80 (15.7%) 10 (7.2

Sacroiliac 399 (78.2%) 126 (90
�Values in bold marked with represent a statistically significant difference between
vertebra; NONE, patients who did not develop PJK or PJF over 2 years postoperat
upper-most instrumented vertebra.

Spine
given outcome of interest. There is no hypothesis, no control
being compared, and the model relies entirely on the avail-
able data.30 Conversely, traditional statistics are mathemat-

.

ve; PJF, proximal junctional failure; PJK, proximal junctional kyphosis.
 Health, Inc. All rights reserved.

ical analyses used to test a hypothesis about a relationship
between independent and dependent variables, and thus,
appropriate controls are necessary. Furthermore, the

n Category for the Surgical Variables for all the
Group

JF NONE P

371

2 143 : 228 0.6283

3.5 11.9�3.7 0.0667

.7%) 206 (55.5%) 0.3946

%) 6 (1.6%)

0.0085�
.4%) 196 (52.8%)

.9%) 43 (11.6%)

.9%) 126 (34%)

.1%) 76 (20.5%)
0.0040�

.9%) 295 (79.5%)

%) 28 (7.5%)

<0.0001�%) 70 (18.9%)

.6%) 273 (73.6%)

the PJK/PJF and NONE groups. LIV indicates lower-most instrumented
ive; PJF, proximal junctional failure; PJK, proximal junctional kyphosis; UIV,

www.spinejournal.com E1331



TABLE 4. Mean�1 Standard Deviation for the Preoperative Radiographic Parameters Included in
the Model for all Patients, PJK/PJF, and NONE Groups

Preop All Patients PJK/PJF NONE P

PT 26.4� 12.3 28.5�9.6 25.6�13.1 0.0038�

PI-LL 20.4� 25.2 24.5�23.3 18.8�25.8 0.0135�

TK 33.1� 22 33.9�21.2 32.8�22.3 0.6331

SVA 87.3� 89.5 110.2�88.4 78.8�88.5 0.0006�

� een
and
osi

DEFORMITY Preoperative Predictive Model for PJF or Clinically Significant PJK � Scheer et al
appropriate statistical test must be selected for a given
clinical question/hypothesis and type of data. Using the
wrong statistical test can result in erroneous results. Pre-
dictive modeling is more flexible, as it relies on the available
data. Assuming that one has a complete and trustworthy set
of data, multiple types of models can be constructed to
assess which one has the greatest utility for the aims of the
model.30 One can combine models that are similar or even
different to further enhance the goals of the model.30 When
creating a model, one must balance accuracy, generalizabil-
ity, and transparency.30 A model can be very accurate yet
not generalizable to other datasets or be so complicated, one
does not know exactly how the model is making its pre-
dictions. It all depends on the goals of the model.

In the present study, we have constructed a predictive
model using several established techniques. First, decision
trees were used, which have desirable properties: they are
easy to build, can handle both continuous and categorical

Values in bold marked with represent a statistically significant difference betw
PJF over 2 years postoperative; PI-LL, mismatch between pelvic incidence (PI)
junctional kyphosis; PT, pelvic tilt; SVA, sagittal vertical axis; TK, thoracic kyph
 Copyright © 2016 Wolters Kluwer

data, can handle hundreds of variables, and can even handle
missing data.30 Second, an ensemble of five decision tree
models was constructed in which the final predictions are

TABLE 5. List of all 13 Variables Used in
the Model in Order of Predictor
Importance

Order of Importance Variable

1 Age

2 LIV

3 SVA

4 UIV implant type

5 UIV

6 PT

7 PI-LL

8 BMI

9 No. of levels fused

10 Gender

11 Presence of 3CO

12 TK

13 Primary vs. revision

Note that this list is generated in a univariate fashion. The actual variable
predictor importance may vary in the model because during model
deployment, the variables are considered in the context of the others as
they may influence one another.

E1332 www.spinejournal.com
based on the combined predictions from each of the five
trees. The use of ensembles increases the accuracy of the
model; however, the trade-off is a decrease in interpretabil-
ity (transparency).30 The computer makes the predictions
and thus rendering the exact rules governing how the
predictions are made unavailable. Third, a 70 : 30 data split
was used for training and testing in order to increase the
generalizability of the model. The 70% of patients used for
training were randomly chosen and were used to initially
create the models. Next, the remaining 30% were ‘‘run’’
through the models to predict whether the patients would
have PJK or PJF based on the predictions from the initial
70% of the data. Those predictions were then ‘‘tested’’
against what actually happened in the data to produce
the accuracy and AUC values reported in the results. And
lastly, for each step of the training and testing stages of the
model, and for each of the five decision trees, the data were
bootstrapped meaning that a random sample of the data was
used each time. Therefore, no model received the same set of
patient data for training and for testing, which further
increases the generalizability of the final model.

There is a paucity of predictive models in the spine
literature. For the ones that do exist, most use logistic
regression in order to develop a set of odds ratios for
developing the outcome of interest.35–39 Logistic regression
is commonly used in prediction analysis because it is simple
and very transparent.30 Odds ratios are easy to interpret and
apply. However, the limitations include the number of
assumptions that must be satisfied in order to apply logistic
regression; for large datasets, the P values become less
meaningful because significance may be achieved solely
on the basis of large numbers (i.e., a very small difference
in means may be significant but not clinically relevant), and
they generally provide information on which variables are
‘‘predictors.’’

There are a few studies using predictive modeling tech-
niques.40,41 Spratt et al.41 used the Chisquare Automatic
Interaction Detection (CHAID) decision tree analysis to
predict successful outcome following decompression for
lumbar stenosis. Their model correctly classified 90.1%
of successful outcomes with a positive predictive value of
85.7% and a negative predictive value of 100%.41 How-

the PJK/PJF and NONE groups. NONE, patients who did not develop PJK or
lumbar lordosis (LL); PJF, proximal junctional failure; PJK, proximal

s.
 Health, Inc. All rights reserved.

ever, their sample size was 32 patients and they only con-
structed one decision tree. Daubs et al.40 also performed a
decision tree analysis but used an ensemble of 50 decision
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Figure 1. Case example of a patient from the testing
dataset that the model correctly predicted to not
develop proximal junctional failure (PJF) or clini-
cally significant proximal junctional kyphosis (PJK)
within 2 years postoperative. This patient is a 58-
year-old female, and at baseline, the (A) anteropos-
terior and (B) lateral radiographs demonstrate both
coronal and sagittal malalignment with the follow-
ing measurements: Lumbar Cobb (L1-L5)¼15.28,
Thoracic kyphosis (TK; T4-T12)¼63.38, Pelvic tilt
(PT)¼14.78, mismatch between pelvic incidence
and lumbar lordosis (PI-LL)¼�4.18, Sagittal vertical
axis (SVA)¼8.3cm. At 2 years postoperative (C and
D), she is well corrected without PJK or PJF and the
following measurements: Lumbar Cobb (L1-
L5)¼0.688, PT¼9.38, PI-LL¼4.18, SVA¼3.6cm.
In contrast to the other case example; note the
younger age, the UIV in the T1-T5 range, the use of
hooks at UIV instead of screws, and the UIV in L3-
L5 range (not ilium).

DEFORMITY Preoperative Predictive Model for PJF or Clinically Significant PJK � Scheer et al
trees in order evaluate predictors of psychological distress in
patients presenting for evaluation of a spinal disorder. Their
model was 92% accurate, 92% sensitive, and 95% specific
in predicting a patient’s level of psychological distress using
 Copyright © 2016 Wolters Kluwer

six variables for 188 patients.40 These types of studies are
only the beginning to more predictive analytics in spine
surgery outcomes.

Figure 2. Case example of a patient from the testing
dataset that the model correctly predicted to develop
proximal junctional failure (PJF) within 2 years postop-
erative. The patient is a 66-year-old female and at
baseline the (A) anteroposterior and (B) lateral radio-
graphs demonstrate prior lumbar fusion and significant
flatback with positive sagittal malalignment with the
following measurements: Pelvic tilt (PT)¼39.18, mis-
match between pelvic incidence and lumbar lordosis
(PI-LL)¼61.68, Sagittal vertical axis (SVA)¼ 16.5cm.
She underwent L4 PSO and posterior fusion from T12
to ilium. At 6 months postoperative (C and D) she
developed PJF with vertebral fracture at the upper-most
instrumented vertebra (UIV) site of T12. The measure-
ments were the following: PT¼33.48, PI-LL¼1.18,
SVA¼3.4 cm, PJK angle (T10-T12)¼55.08. In contrast
to Case 1; note the greater age, the UIV in the T10-L2
range, the use of screws at UIV instead of hooks, and
the LIV in sacroiliac range.

Spine
The strengths of the current study include the multicenter
design and a large number of ASD patients (510) being
evaluated for PJK/PJF. Furthermore, patients were enrolled
from multiple surgeons comprising 11 different sites across
the United States, which allows for better generalizability of
 Health, Inc. All rights reserved.

the results. Another strength of this study is the complete
pre-operative and 2-year follow-up of the patients. And
lastly, modern predictive analytics algorithms were used

www.spinejournal.com E1333
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to create the model providing a patient-specific decision tree
ensemble. However, the model is computer-based, and thus,
the real-time deployment of the model needs to be with
application or on a computer in the clinic. It can aid the
surgeon in real-time by identifying the patients at risk for
PJK/PJF and then the surgeon may decide to offer prevention
strategies to reduce the risk.

However, there are a few limitations to this study, one of
which includes the retrospective design. Another limitation
is the use of only 13 variables in the model. This was the
maximum number available when identifying individual
patients that could complete a dataset. Ideally, there would
be more demographic and surgical variables entered into the
model, including patient bone mineral density. Thus, it is
important to note that this model is an early version.
Although this is a limitation, we feel that this model provides
the initial ground work into the area of advanced predictive
modeling in ASD surgery outcomes. The model can still be
used clinically, and as more data are collected, the model
will be continuously updated. Another limitation includes
combining both PJK and PJF as the target variable of
interest. These are different pathologies that may be man-
aged in different ways. We tried to address this with the
addition of PJK being ‘‘clinically significant’’ by having a
deterioration of at least one SRS-Schwab sagittal modifier
grade. If the patient is decompensating in the sagittal plane
and developing PJK>208, we feel that this is significant and
would most likely have an impact on HRQOL and/or the
need for surgery. However, this information was not avail-
able given the current data set. Additional limitations
include that PJK and PJF are radiographic measures of failed
surgery. We are not incorporating data on how the oper-
ations are affecting recovery,42,43 quality of life, or need for
further surgery for measures outside PJK and PJF. Although
this is a limitation, our experience shows that the develop-
ment of PJK or PJF, and the need for corrective surgery
thereafter, is one of the predominant complications of ASD
surgery that most surgeons would prefer to avoid. And
lastly, the model needs to be deployed on a computer given
the complexity (and loss of transparency) of the model.
However, the tradeoff for loss of model transparency is
increased model accuracy and generalizability. Future direc-
tions will be aimed at integrating these models as a point-of-
care aid in clinical decision making.

CONCLUSION
A successful model (86% accuracy, 0.89 AUC) was built
predicting either PJF or clinically significant PJK. This model

DEFORMITY Preo
can set the groundwork for pre-operative point of care
de -
la

E1
cision making, risk stratification, and the need for prophy
ctic strategies for patients undergoing ASD surgery.
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To date, no predictive model exists allowing for
accurate prediction of proximal junctional
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kyphosis (PJK) or proximal junctional failure (PJF)
following correction of adult spinal deformity
(ASD).

A successful model with 86% accuracy was
constructed predicting clinically significant PJK or
PJF using baseline demographics and radiographic
parameters as well as surgical variables for future
planning purposes.

edictive Model for PJF or Clinically Significant PJK � Scheer et a
lth

m H
a

for
12;
This is the first predictive model for PJK/PJF and

can set the groundwork for a website and/or a
mobile device to aid in point-of-care decision
making between the surgeon and patient.
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