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Background
Current Understanding of PJK and Risk for PJK 

Risk Factors Commonly Reported:
- Age & frailty
- Osteoporosis
- Implants
- Degree of Deformity Correction/Surgical Alignment 

PJK Rate 10-40%



???

What is the Optimal Sagittal Alignment?Background

Classify Alignment as:
Low Risk Moderate Risk High Risk

202 Patients:
SRS-Schwab Classification: not predictive
GAP score: not predictive

149 Patients. 
GAP score: not predictive of Mechanical 
Complications

187 Patients. 
GAP score: not predictive

89 Patients. 
Age-Adjusted Goals: not 
predictive (AUC 0.57)

257 Patients. 

GAP score: not predictive
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Summary of Current State
PJK Risk is Multifactorial.

Patient-Specific alignment targets & risk assessment is lacking. 

Background

Objective
Develop a PJK risk probability model using variables that are either 

known preoperatively or directly modifiable.
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Study Design & Cohort
Retrospective Cohort of Adult Deformity Surgical Patients (2009 to 2017)

Inclusion: 
- >18rs
- Fusion > 5 vertebral levels
- SVA > 5cm, Pelvic tilt > 25°, Thoracic Kyphosis > 60°, or  Coronal Cobb >20°

Exclusion:
- < 2yr follow-up
- Undergoing surgery for infection or tumor
- Prior fusion > 5 levels

Methods



Outcome, Predictors & Statistical ApproachMethods

Predictor Variables Outcome: PJK Severity Score (ordinal)

Patient Factors:
- Comorbidity Burden: 

 Charlson Comorbidity Index

- Vertebral Bone Density: 
 Hounsfield Units at UIV +/- 4 vert

Surgical Alignment:
- L1-L4 Lordosis
- L4-S1 Lordosis

Preoperative Predictors Postoperative Predictors
Alignment:
- Pelvic Morphology: Pelvic Incidence

- Global Deformity: T1 Pelvic Angle

Primary Outcome:
- Hart ISSG-PJK Severity Score: 

Characteristic Points
Neurologic Deficit 0-4
Focal Pain 0-3
Instrumentation Problem 0-2
Change in Kyphosis/PLC Integrity 0-2
UIV/UIV + Fracture 0-3
Level of UIV 0-1

Total:

Statistical 
Approach:

1. Proportional Odds Ordinal Regression Model
 Assess Predictor Effects
 Develop Predictive Tool
 Internally Validate Model via Bootstrap Resampling

PJK

Score = 0No

Score = 1 to 15Yes



Results Descriptive Summary

Patient Characteristics
Study Cohort 

n = 145
Age, median (IQR) 66.2 (59.8 to 71)

Female Sex, n (%) 118 (81.4)

Charlson Comorbidity Index, mean (IQR) 2 (0 to 3)

Hounsfield Units, median (IQR) 139.3 (120.6 to 180.1)

Follow-up (mo), median (IQR) 26.8 (24 to 48.7)

Measure, median° (IQR) Preoperative Postoperative P-value
PI-LL 20.3 (9.2 to 35) 9.9 (0.5 to 19.2) < 0.001

TPA 25.4 (17.6 to 36.5) 20.3 (14.8 to 28) < 0.001

L1-L4 Lordosis 1.0 (-9.3 - 14.3) 11.9 (5.1 to 21.7) < 0.001

L4-S1 Lordosis 30.4 (21.0 - 37.0) 29 (21.6 to 34.8) 0.23

T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 L1 L2

L1 L2 L3 L4 L5 S1

LIV

UIV
Surgical LevelsPre- & Postoperative Alignment

204 meeting 
inclusion criteria

59 Excluded
 18 lost to f/u
 41 prior long fusion or 

tumor/infection

145 Included
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No: 20



Predictor Change
Patient Factors

Preoperative Alignment

Postoperative Alignment

Postoperative L1-L4 Lordosis

Lo
g-

O
dd

s

A. B.

Increased Risk of Increased 
PJK Severity Score

-2

-1

0

1

0 10 20 30

Adjusted Odds Ratios (95% CI) Partial Effect Plot

1 3 10

180 to 120 1.8 (1.1, 2.8)
0 to 3 2.5 (1.7, 3.6)

65 to 40 2.1 (0.6, 6.7)
20 to 35 1.8 (1.05, 3.1)

35 to 50 4 (1.8, 8.8)

Preoperative Alignment

Patient Factors

Postoperative Alignment

Results

Adjusted odds of an increase in PJK Severity Score associated with a change in each predictor

Predictor Effects

L1-L4 Lordosis was modeled 
nonlinearly & thus, adjusted 
odds ratios not computed.

Vertebral Hounsfield units:
Charlson Comorbidity Index:

Pelvic Incidence:
T1 Pelvic Angle:

L4-S1:



Points

Vertebral Hounsfield Units

Charlson Comorbidity Index

Pelvic Incidence

Pre-op TPA

Post-op L1-L4

Post-op L4-S1

Total Points

Probability of Any PJK:

Probability of PJK score >=5:

Probability of PJK score >=7:

Patient Factors

Postoperative Alignment

Nomogram for Computing Probability of PJK

Results Nomogram



Discrimination
(Ability to distinguish high from low risk)

Results

Performance Metrics:

Internal Validation: 1000 Bootstrapped Resamples

After Adjusting for Optimism (overfitting):

C statistic  (AUC) = 0.73

Overall Predictive Accuracy
(Mean squared error in probability estimates) 

Brier Score = 0.10



Alignment Classifier Value

GAP Score:

Schwab Sagittal Modifier 
Total:

Age-Adjusted Target Offsets
PI-LL:

Pelvic Tilt:
TPA:

4

+

1
0.3
2

Minimal 
Malalignment

‘At Goal’

“Moderate-Risk"

Interpretation

Preoperative Immediate Postop

38
84
10
35
18
36

POINTS

221

Probability of Any PJK = 97% 

Probability of PJK Score > 7 = 91%

4wks PostopCase Example

Age = 58



Limitations
▪Retrospective
▪Sample size & single center

▪Strictly an assessment of PJK risk

Future Directions

Conclusion

Multicenter

Additional Predictors:
 UIV, LIV
 PJK prophylaxis
 Prior Fusion
 Paraspinal M. atrophy
 Surgeon 
 Etc.

Updated Models

Patient Specific Alignment Goals:
 Minimize Risk
 Maximize HRQOL’s
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