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Adult spinal deformity (ASD) presents as a spectrum of thoracolumbar and lumbar spine 
abnormalities including sagittal imbalance, iatrogenic spinal deformity, and adult idiopathic or 
degenerative scoliosis. It is often characterized by asymmetric and degenerative changes that may 
cause impingement of neural elements. This, in turn, may lead to progressive deformity, neurological 
deficits, and pain. Surgical intervention has become an important treatment option for symptomatic 
ASD.1 Correction of spinal deformity is usually performed via posterior approach. A long-segment 
fusion construct with segmental pedicle screw and rod instrumentation is often combined with a 
variety of osteotomies to improve spinal alignment. However, long-segment fixation may accelerate 
degenerative changes to adjacent unfused vertebrae due to increased segment motion and 
intervertebral stress.2-4 Proximal junctional kyphosis (PJK) is a common radiographical finding that 
occurs at the proximal junction between fused and mobile spinal segments with incidence rates as 
high as 46% after posterior instrumented spinal fusion.5 Proximal junctional failure (PJF) represents a 
more severe form of PJK associated with vertebral fracture, disruption of the posterior ligamentous 
complex, and/or instrument failure.6 The prevalence of PJF has been reported to be 39.3% in patients 
who undergo spinal deformity fusion surgery and is often accompanied by sagittal imbalance and 
neurologic deficit.7 Revision surgery is often needed for correction, which may entail proximal 
extension of instrumentation and fusion above the affected junctional pathology. There have been 
only a few studies that investigate revision strategies for PJK and PJF, and even fewer that report the 
incidence of recurrent junctional pathology after revision.8
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The objective of this study is to report the incidence of PJF and recurrent PJF at a large single-
institution after instrumented fusion to the pelvis indicated for ASD. Presenting neurological deficit(s), 
mechanisms of failure, revision strategies, and radiographic outcomes after revision surgery are then 
analyzed to elucidate predictive factors.

Objective

Introduction

Retrospective review of 1180 ASD patients who underwent surgical correction at a single-institution 
by five surgeons (2009-2021) was performed. Inclusion criteria included a diagnosis of treated with 
posterior instrumented fusion to the pelvis. This series included both primary and revision surgeries. 
The average follow-up after revision was 3.1 ± 2.0 years. Fifty-four patients met the inclusion criteria 
and developed PJF following surgery. The patients were then divided into three groups based on the 
location of their uppermost instrumented vertebra (UIV): upper thoracic (T2-T6, 10 patients), lower 
thoracic (T8-T11, 35 patients), and the lumbar spine (L1–L3, 9 patients). For this study, PJF was 
defined by: (1) PJK defined previously by Glattes et al.; (2) fracture of the vertebral body of the UIV or 
UIV+1, screw pullout at the UIV, or soft-tissue posterior ligamentous disruption; and (3) neurological 
deficit at the time of presentation. Mechanisms of PJF were separated into two groups: (1) vertebral 
fracture or screw pullout and (2) soft-tissue disruption. Clinical data and surgical details were 
identified. Radiographic parameters measured include the proximal junctional angle (PJA) of the 
uppermost instrumented vertebra (UIV), C7 sagittal vertical axis (SVA), T4-T12 thoracic kyphosis (TK), 
L1-S1 lumbar lordosis (LL), pelvic tilt (PT), and pelvic incidence (PI)-LL mismatch (PI-LL). Ideal age-
specific alignments were calculated.9 A negative offset, defined as the difference between the 
patient’s and ideal age-specific alignment, denotes an overcorrection.
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Figure: Revision strategies for PJF after 

fusion to the pelvis stratified by UIV. A heat 

map (A) is used to identify T5, T10, and L2 

as the most common vertebrae for PJF, with 

more red vertebrae indicating more 

frequent failure. Extension of fusion after 

PJF (B) is then visualized for each group 

individually. Red circles represent the 

average primary UIV for each cohort (upper 

thoracic: T4.0 ± 1.1, lower thoracic: T10.0 ± 

0.7, and lumbar: L1.8 ± 0.7). The mean 

extension of fusion is indicated with 

arrows. Of note, the upper thoracic cohort 

was divided into two groups, one in which 

revision crossed the cervicothoracic 

junction and another that did not.

A comparative analysis of indications and revision strategies for PJF is presented. Of 1180 
ASD patients, 54 (4.6%) developed PJF and underwent revision 17.6 ± 16.1 months after 
their primary surgery. Regarding mechanisms of PJF, soft-tissue disruption was most 
common in the upper thoracic group (P = 0.089). Vertebral fracture and screw pullout were 
most common in both the lower thoracic and lumbar groups (P < 0.001). Of patients in the 
upper thoracic group, 40.0% were extended above the cervicothoracic junction. In the 
lower thoracic and lumbar spine groups, 91.4% and 88.9% of patients were extended to 
the upper thoracic and lower thoracic spine, respectively. A total of 26 patients (48.1%) 
required a second revision surgery 18.7 ± 15.2 months after their first. Sixteen of the 26 
patients (27.8%) were revised for new-onset PJF. Patient-specific and radiographic risk 
factors for recurrent PJF could not be elucidated. Recurrent PJF was found to be the most 
common complication following revision surgery, and strategies for revision must be 
tailored to the individual patient for desired outcomes.


