
UCSF
UC San Francisco Previously Published Works

Title
Revision Strategy for Proximal Junctional Failure: Combined Effect of Proximal Extension 
and Focal Correction.

Permalink
https://escholarship.org/uc/item/22p0b853

Authors
Lafage, Renaud
Kim, Han-Jo
Eastlack, Robert
et al.

Publication Date
2024-05-12

DOI
10.1177/21925682241254805
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/22p0b853
https://escholarship.org/uc/item/22p0b853#author
https://escholarship.org
http://www.cdlib.org/


Original Research

Global Spine Journal
2024, Vol. 0(0) 1–9
© The Author(s) 2024
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/21925682241254805
journals.sagepub.com/home/gsj

Revision Strategy for Proximal Junctional
Failure: Combined Effect of Proximal
Extension and Focal Correction

Renaud Lafage, MS1
, Han-Jo Kim, MD2

, Robert K. Eastlack, MD3, Alan H. Daniels, MD4,
Bassel G. Diebo, MD4

, Greg Mundis Jr, MD5, Marc Khalifé, MD, PhD1,6
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Abstract

Study design: Retrospective review of a prospectively-collected multicenter database.

Objectives: The objective of this study was to determine optimal strategies in terms of focal angular correction and length of
proximal extension during revision for PJF.

Methods: 134 patients requiring proximal extension for PJF were analyzed in this study. The correlation between amount of
proximal junctional angle (PJA) reduction and recurrence of proximal junctional kyphosis (PJK) and/or PJF was investigated.
Following stratification by the degree of PJK correction and the numbers of levels extended proximally, rates of radiographic
PJK (PJA >28° & ΔPJA >22°), and recurrent surgery for PJF were reported.

Results: Before revision, mean PJA was 27.6° ± 14.6°. Mean number of levels extended was 6.0 ± 3.3. Average PJA reduction
was 18.8° ± 18.9°. A correlation between the degree of PJA reduction and rate of recurrent PJK was observed (r = �.222).
Recurrent radiographic PJK (0%) and clinical PJF (4.5%) were rare in patients undergoing extension ≥8 levels, regardless of
angular correction. Patients with small reductions (<5°) and small extensions (<4 levels) experienced moderate rates of
recurrent PJK (19.1%) and PJF (9.5%). Patients with large reductions (>30°) and extensions <8 levels had the highest rate of
recurrent PJK (31.8%) and PJF (16.0%).
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Conclusion: While the degree of focal PJK correction must be determined by the treating surgeon based upon clinical goals,
recurrent PJK may be minimized by limiting reduction to <30°. If larger PJA correction is required, more extensive proximal
fusion constructs may mitigate recurrent PJK/PJF rates.

Keywords
proximal junctional kyphosis, proximal junctional failure, proximal junctional angle, adult spinal deformity, complications,
revision

Introduction

Surgery for adult spinal deformity (ASD) results in substantial
clinical benefits for selected patients,1-5 however is also as-
sociated with high complication rates.6-12 While minor
complications are thought to have a relatively limited impact
on long-term clinical outcomes in most cases,13 major com-
plications often result in adverse long-term clinical
deficits.13,14 Proximal junctional kyphosis (PJK) and proximal
junctional failure (PJF) are major complications associated
with long-construct fusions for ASD.15-17 PJK is a radiological
finding demonstrating accelerated angular deformity of the
spine proximal to the upper instrumented vertebra (UIV),15-17

and may be subclinical in nature. Most used definition for PJK
is a kyphotic angle of 10 degrees measure between the UIV
and UIV+2 combined with a kyphotic change greater than 10
degrees.18

Proximal junctional failure (PJF), however, is a more se-
vere variant and is more commonly associated with subop-
timal clinical outcomes, including pain, instability and often
neurologic injury and need for revision surgery.19 Further-
more, in those patients requiring cranial extension of their
fusion for treatment of PJF, the risk of recurrent PJK and PJF
remains unacceptably high, with an estimated incidence of
44.3%.20

Patient-related, radiographic, and surgical risk factors for
primary PJK and PJF development are well-described in the
literature.15,21-27 However, evidence-based strategies for
prevention of recurrent PJF in revision cases requiring
proximal extension of fusion constructs are poorly reported to
date. In this study, we evaluated a population of patients with
PJF undergoing cranial extension of prior spinal fusions with
the goal of defining successful surgical strategies in terms of
angular correction and levels of proximal extension for the
prevention of recurrent PJF.

Materials and Methods

Patient Population

Retrospective review of a prospectively-collected multicenter
database of ASD patients was performed. This study was
conducted according to strict institutional review board
standards at each institution and abided by ethical guidelines
for human subject research (Clinicaltrials.gov identifier:

Nct00738439). All included patients provided their informed
consent to take part in the study.

All care was provided by specialists with expertise in treating
ASD, and all participating centers obtained institutional review
board approval for data collection. Inclusion criteria for database
enrollment are age ≥18 years and at minimum one of the fol-
lowing: scoliosis >20°, sagittal vertical axis >5 cm (SVA), pelvic
tilt >25° (PT) and/or thoracic kyphosis >60° (TK). Exclusion
criteria include spinal deformities associated with acute trauma or
with autoimmune, neoplastic, neuromuscular, syndromic and/or
infectious disorders. For this project, only patients undergoing
revision surgery for diagnosis of PJF following posterior cor-
rection and stabilization were included. PJF included all types of
failures: fracture, kyphosis, hardware loosening,
spondylolisthesis… All selected cases were reviewed and vali-
dated by an orthopaedic spine surgeon specializing in ASD.

Data Collection

Baseline demographic data including age, gender, body mass
index (BMI), American Society of Anesthesiologists (ASA)
score, and history of prior spinal fusion were collected. Ra-
diographic parameters collected included level of diagnosed
PJK, Pelvic Incidence (PI), Pelvic tilt (PT), spino-pelvic
mismatch (pelvic incidence minus lumbar lordosis, PI-LL),
T10-T12 angle, T1-T12 angle, and T1 Pelvic Angle (TPA).
Surgical factors including cranial extent of fusion (number of
levels), PJK angular reduction, operative time, estimated
blood loss (EBL), surgical approach, neurologic decom-
pression, any osteotomy, 3-column osteotomy, and interbody
fusion were collected. PJK angles including upper in-
strumented vertebra (UIV) to UIV+2, UIV-1 to UIV+1, and
UIV-1 to UIV+2 were collected at all timepoints.

Clinical outcomes were collected including revision sur-
gery for any reason, revision surgery for diagnosis of recurrent
PJF, and recurrent PJK as defined radiographically according
to angle severity (proximal junction (PJ) angle ≥28° and a
change in PJ angle ≥22°).28

Statistical Analysis

For direct comparisons of continuous variables, either un-
paired t-test or Man-Whitney U test (depending on appro-
priateness) were utilized. Appropriateness of testing was
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determined using the Kolmogorov-Smirnov test for normal
distribution. For categorical variables, Chi-squared or Fisher
exact test were used. Paired t-test orWilcoxon signed-rank test
were utilized for comparison of variables between pre- and
post-operative timepoints. Pearson correlation coefficient was
utilized to evaluate correlation.

Results

Baseline Data

A total of 151 surgical cases meeting inclusion criteria were
identified in the database. One-hundred-twenty-eight unique
patients undergoing 134 unique surgical cases had complete
surgical data, pre-revision images, and post-revision images
and were included in the analysis. Specifically, this included
122 patients who only underwent 1 revision surgery during the
follow-up period and 6 patients who underwent 2 surgeries
during this time (Figure 1). The mean age among all patients
was 66 (min 33-max 87). Female patients comprised 72.2% of
the study cohort. The mean BMI was 28.9 (min 16.8-max
50.2). The mean ASA score was 2.7 (min 2 – max 4). The
majority of patients (65.7%) requiring revision for PJK had an
original upper instrumented vertebrae (UIV) in the lower
thoracic spine (T8-T12). In contrast, 15.7% of patients had a
UIV in the upper thoracic spine (T2-T7) and 17.9% of patients
had a UIV in the lumbar spine (L1-L3). One patient with a UIV
in the cervical region was excluded from the analysis. The
large majority (90.3%) of patients had at least one pedicle
screw at the UIV, with 8% having some cement at the UIV

level. Most (88.8%) of fusions extended caudally to the sa-
crum and/or pelvis.

While pre-revision alignment parameters demonstrated an
overall reasonably well-aligned sagittal plane (PI-LL: 13.2° ±
21.1, TK: 55.4° ± 22.1, TPA: 26.2° ± 12.7, SVA: 81 mm ± 74),
substantial variability between patients was noted (Table 1).
Pre-operative PJK angles demonstrated an overall mean ky-
phosis of 35.1° across 3 segments (UIV-1 to UIV+2).

Comparison of Sagittal Alignment Parameters Prior to
Revision Based upon PJK Location

When pre-revision alignment parameters were compared
after stratification by UIV level, substantially more global
sagittal malalignment was noted in those experiencing PJK
at more caudal levels (Figure 2). Specifically, both T1 pelvic
angle (TPA) [UT 15.2° ± 12.9° vs LT 27.6° ± 12.0° vs
Lumbar 31.1° ± 9.4°, P < .001] and Sagittal vertical axis
(SVA) [UT 7.7 mm ± 53.2 mm vs LT 86.5 mm ± 67.7 mm vs
Lumbar 129.9 mm ± 63.5 mm, P < .001] were worse in those
with lower UIVs and PJK. Likewise, a significant associ-
ation between lower PJK levels and worse spino-pelvic
mismatch (PI-LL) was noted [UT 0.6° ± 18.9° vs LT
10.3° ± 18.7° vs Lumbar 34.8° ± 16.3°, P < .001]. Mean
thoracic kyphosis (TK) was larger in those with higher PJK
levels [UT 75.8° ± 17.6° vs LT 56.5° ± 19.0° vs Lumbar
32.8° ± 16.3°, P < .001]. More cranial PJK regions were also
associated with higher magnitude of 3-segment (UIV-1 to
UIV+2) PJK magnitude [UT 42.4° ± 15.3° vs LT 37.4° ±
13.7° vs Lumbar 20.3° ± 14.4°, P < .001] (Table 2).

Figure 1. 56-year-old female underwent initial treatment to correct severe coronal and sagittal lumbar deformity with staged anterior-
posterior surgery in 12/2010 (A to B). Patient was reoperated in 11/2011 due to progressive sagittal deterioration combined with coronal
decompensation (C). Patient underwent posterior instrumentation from T10 to pelvis with pedicle substraction osteotomy at L3 (D). Patient
rapidly presented signs of proximal failure, requiring reoperation in 12/2012 (E). PJF treatment included proximal extension to T3 with
reduction of focal kyphosis from 51° to 19° with T10 vertebral column resection (VCR). Patient required second extension for progressive
cervico-thoracic focal kyphosis (38°), anterior cervical malalignment (C2-T3 SVA: 14 cm) and neck pain in 11/2013 with posterior
instrumentation up to C2 (F).

Lafage et al. 3



Surgical Metrics

Among the entire cohort, the mean surgical time was 353
minutes (±170 minutes) with a mean estimated blood loss
(EBL) of 1442 mL (±1325 mL). Almost all (98.5%) of patients
were treated with a posterior fusion. Decompression was
required in 52.7% of patients. An osteotomy was required in
76.9% of patients, with 35.4% of patients requiring a 3-
column osteotomy (3CO). Interbody fusions were per-
formed in 35.4% of patients. Those with revision surgery
performed for PJK at more caudal levels generally underwent
more extensive operations in terms of operative time, average
EBL, and need for decompression, interbody fusion, or os-
teotomies (Table 3).

Postoperative Alignment Parameters

Among all patients, there was a statistically significant im-
provement in PT (27 to 22°, P < .0001), PI-LL (13.2 to 1.2°,

P < .0001), TPA (26.2 to 17.5°, P < .001), and SVA (81.4 to
29.2mm, P < .0001). A significant post-operative change in
thoracolumbar (T10-L2) kyphosis (�27.5 to �12.7°, P <
.0001), thoracic kyphosis (55 to 61°, P < .0001) was also
noted. After stratification by level of PJF corrected, only
patients in the lower thoracic and lumbar groups were noted to
have significant changes in all alignment parameters after
revision surgery. Patients being corrected for upper thoracic
PJF were found to have a significantly reduced thoracic ky-
phosis (76 to 67°, P = .014) postoperatively, however all other
alignment parameters remained similar (Table 4).

Correction Strategies: Proximal Extension and Focal
Deformity Reduction

The mean number of levels extended proximally was 6.0 ± 3.3
(23.3% ≤ 3 levels; 16.5% ≥ 9 levels). No significant difference
in number of levels extended was noted between PJK level
cohorts (UT 4.7 levels vs LT 6.2 levels vs LL 6.3 levels,

Table 1. Description of Sagittal Alignment for the Entire Cohort.

Mean StD 25th 50th 75th K-S

Spino-pelvic parameters PI 54.3 12.9 44.7 51.5 63.2 .004
PT 26.8 10.7 20.3 26.6 33.1 .200
PI-LL 13.2 21.1 �2.5 12.0 27.1 .200
T10-L2 �27.5 19.2 �41.9 �26.3 �13.8 .200
T1-T12 �55.4 22.1 �71.2 �54.8 �40.3 .200
TPA 26.2 12.7 18.0 26.9 34.2 .200
SVA 81.4 73.9 25.9 81.2 132.6 .200

PJK angles UIV to UIV+2 �27.6 14.6 �36.1 �26.7 �16.8 .200
UIV-1 to UIV+1 �31.1 14.6 �41.6 �31.2 �21.0 .200
UIV-1 to UIV+2 �35.1 15.7 �45.2 �34.3 �24.2 .200

Figure 2. 66-year-old female presents with severe back pain for the past 15 years. History of spine fusion from T11 to pelvis presenting with
severe proximal kyphosis (60 deg) (A). Patient treated in 9/2017 with posterior proximal extension from T11 to T3 and Smith-Petersen
osteotomy to reduce focal kyphosis to 20 deg (B). Patient underwent revision surgery for painful right iliac screw in 11/2018 (C) and
pseudoarthrosis and rod breakage at L5-S1 in 08/2020 (D). New proximal angle went from 7° of lordosis before PJK surgery (A) between T1
and T3 to 24°- kyphotic 4 years post-operative (D).
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P = .173). Average PJA reduction (UIV-1 to UIV+2) was
18.8.°±18.9 [<5° (small) for 24.8% of patients, 5 to 30°
(moderate) for 49.6% of patients, and >30° (large) for 25.6%
of patients]. Larger focal angular corrections were generally
required for those with lower PJK levels (all P < .005).

Relationship Between Focal Deformity Correction,
Proximal Extension, and Recurrent PJF Rates

No significant association between amount of focal angular
reduction and new PJK angle was noted (all P > .05). While

the degree of PJA reduction was correlated with the recurrent
radiographic PJK (r = �.222), there was no statistically
significant difference between amount of angular reduction
and recurrent PJF (as measured by need for another revision).
Small (<5°) and large (>30°) angular reductions were both
associated with increased radiographic recurrent PJK rates
(small 18.2% vs moderate 9.1% vs large 29.4%, P < .037).
While no significant differences between amount of proximal
extension and either PJK (small [<4 levels] 16.1% vsmoderate
[4-7 levels] 10.0% vs large [≥8 levels] 4.5%, P = .478) or PJF
(small [<4 levels] 6.5% vs moderate [4-7 levels] 11.3% vs

Table 3. Comparison Surgical Data Between PJK Location.

Upper Th. Lower Th. Lumbar P

Op Time [25th | 50th | 75th] 212 | 270 | 433 225 | 299 | 412 328 | 436 | 520 .001a

EBL [25th | 50th | 75th] 300 | 600 | 1250 500 | 1000 | 1900 1000 | 1650 | 2425 .005a

Posterior Fusion? [N(%)] 21 (100%) 85 (97.7%) 24 (100%) 1.000b

Decompression? [N(%)] 5 (23.81%) 46 (53.49%) 18 (75%) .00c

Osteotomy? [N(%)] 16 (76.19%) 61 (71.76%) 23 (95.83%) .032b

3CO? [N(%)] 5 (23.81%) 25 (28.41%) 13 (54.17%) .051b

Interbody Fusion? [N(%)] 4 (19.05%) 26 (30.23%) 16 (69.57%) .00c

aKruskal Wallis.
bFisher Exact.
cChi Square.

Table 4. Comparison of the Sagittal Alignment After Revision Between PJK Location, P-values Indicate Comparison Between Pre-operative
Alignment Variables and Post-operative Alignment Variables.

All Patients Upper Th. Lower Th. Lumbar

Mean +/� StD P-value Mean +/� StD P-value Mean +/� StD P-value Mean +/� StD P-value

PT 22 +/� 9.8 .000 20.3 +/� 11.7 .176 23.1 +/� 9.5 .000 19.3 +/� 8.8 .000
PI-LL 1.2 +/� 13.1 .000 �.1 +/� 15.4 .732 1.5 +/� 13.1 .000 1.5 +/� 10.8 .000
T10-L2 �12.7 +/� 13.8 .000 �8.8 +/� 13.1 .759 �15.6 +/� 12.8 .000 �5.4 +/� 15.2 .000
T1-T12 �61.3 +/� 16.4 .000 �67.4 +/� 18.5 .014 �62.5 +/� 15.2 .000 �51.3 +/� 15 .000
TPA 17.5 +/� 9.4 .000 13.3 +/� 11.1 .232 18.7 +/� 9 .000 16.8 +/� 8.6 .000
SVA 29.2 +/� 58.5 .000 �1.1 +/� 54.8 .410 33.3 +/� 61 .000 40.4 +/� 44.1 .000

Table 2. Comparison of the Sagittal Alignment Before Revision Between PJK Location.

Upper Th. Lower Th. Lumbar

PMean StD Mean StD Mean StD

Spino-pelvic parameters PI 53.2 15.1 54.9 12.7 53.1 11.6 .780
PT 22.2 11.5 27.6 10.6 27.7 9.4 .096
PI-LL 0.6 18.9 10.3 18.7 34.8 16.3 .000
T10-L2 �9.2 15.0 �31.9 17.5 �27.4 19.6 .000
T1-T12 �75.8 17.6 �56.5 19.0 �32.8 16.3 .000
TPA 15.2 12.9 27.6 12.0 31.2 9.4 .000
SVA 7.7 53.2 86.5 67.7 129.9 63.5 .000

PJK angles UIV to UIV+2 �30.2 14.5 �28.7 14.9 �21.4 12.2 .061
UIV-1 to UIV+1 �40.3 15.5 �32.9 12.0 �16.4 12.4 .000
UIV-1 to UIV+2 �42.4 15.3 �37.4 13.7 �20.3 14.4 .000

Lafage et al. 5



large [≥8 levels] .0%, P = .291) was noted, there was a trend
toward lower rates of both in those undergoing longer ex-
tension of their fusions.

When evaluating both focal angular reduction and amount
of proximal extension (Table 5), the lowest rate of recurrent
PJF (.0%) and PJK (4.5%) was found in those with a proximal
extension of ≥8 levels, regardless of reduction amount
(Table 5). In contrast the highest rates of recurrent PJF (13.6%)
and radiographic PJK (31.8%) were seen in those undergoing
a large reduction (>30°) without a large proximal extension
(<8 levels). Small reductions (<5 degrees), when associated
with small extensions (<4 levels), also demonstrated high rates
of both recurrent PJF (9.52%) and PJK (19.05%).

Discussion

Despite widespread awareness among spine surgeons as well
as numerous technical advancements in the field, PJK and PJF
continue to result in substantial morbidity for ASD patients.
Patient-related, surgical, and biomechanical risk factors for
PJK and PJF have been studied extensively, as have a number
of strategies for prevention.17,23,25,29-39 Nevertheless, the
optimal revision strategy for patients who have already ex-
perienced PJF, in order to prevent recurrent failure, remains
unknown. Patients who have already experienced proximal
junctional failure are at an inherently higher risk of experi-
encing the same phenomenon again following revision sur-
gery, with recurrence rates estimated at 44%.20 This at-risk
population requires special consideration in order to prevent a
cascading pattern of multiple surgeries resulting in more and
more proximal fusion levels and associated increases in
morbidity and mortality. This study sought to determine the
optimal biomechanical revision strategy for such patients in
terms of both focal angular correction and levels of proximal
extension. Because there is an inherent biomechanical rela-
tionship between focal deformity correction and the length of
the lever arm created by proximal extension of the fusion, it is
logical that these factors should be considered in tandem. This
study determined that those with large focal reductions and
minimal extension proximally were at the highest risk of
recurrent failure. Yang et al, in an evaluation of 763 operative
ASD patients, similarly concluded that overcorrection was
associated with significantly increased risk or PJF.27 Some

authors, with the hopes of minimizing the risk or PJK and PJF,
have advocated for concepts including intentionally less ag-
gressive correction targets and age-adjusted alignment
goals.40,41 Nevertheless, it appears that under-correction, even
when using age-adjusted alignment targets, is common, with
one recent paper citing under-correction rates of 30.3% for
SVA, 41.0% for PT, and 43.6% for PI-LL when measured with
postoperative full-body radiographs .42 Such under-
corrections are noted to necessitate substantial compensa-
tory mechanisms, including increased posterior pelvic shift,
knee flexion, thoracic hypokyphosis, and cervicothoracic
compensation.40,41 Our finding that small angular reductions
were also associated with increased radiographic PJK rates
suggests that under-correction of focal malalignment with
small proximal extension of fusion is not a viable strategy for
prevention of recurrent PJK. Large focal reductions are often
required in these cases in order to restore global sagittal
alignment and achieve the primary goals of surgery. Rather, in
patients who require a large angular reduction for correction of
existing PJK, this data suggests that surgeons might consider
more extensive fusions proximally, as this may mitigate the
risk of recurrence. Daniels et al, comparing patients under-
going fusions from the pelvis to either lower or upper thoracic
upper instrumented vertebrae (UIVs), found that upper tho-
racic UIVs were associated with both greater sagittal vertical
axis (SVA) improvement and lower PJK rates.43 Additionally,
the authors noted that greater coronal cobb angle, greater
thoracic cobb angle, and performance of a 3-column osteot-
omy were all associated with surgeon decision to fuse to the
upper thoracic spine. This indicates that the bias of most
surgeons treating ASD is already to increase the levels of
proximal fusion in cases where large angular corrections are
required. The current study complements the prior literature
by introducing objective criteria for a reasonable amount of
proximal extension needed based upon the focal correction
required. Surgeons should consider more cephalad UIV
choices when performing large angular corrections (Figure 3).

A number of important study limitations merit discussion.
First, this study was a retrospective review of a prospectively-
collected database. No randomization was performed, and the
decision regarding angular correction and extent of proximal
extension was ultimately determined according to the best
judgement of the treating surgeon. For example, in the large

Table 5. Rate of PJF (Failure) and PJK (Radiographic) by Proximal Extension and Amount of Correction.

Small Extension (<4 Levels)
Moderate Extension (4-7
Levels) Large Extension (≥8 Levels)

Small Reduction (<5°) N = 21 Failure: 2 (9.52%) N = 10 Failure: 1 (10%) N = 2 Failure: 0 (0%)
x-ray: 4 (19.05%) x-ray: 0 (0%) x-ray: 0 (0%)

Moderate reduction (5-30°) N = 4 Failure: 0 (0%) N = 50 Failure: 5 (10%) N = 8 Failure: 0 (0%)
x-ray: 0 (0%) x-ray: 2 (4%) x-ray: 0 (0%)

Large reduction (>30°) N = 2 Failure: 0 (0%) N = 20 Failure: 3 (15%) N = 12 Failure: 0 (0%)
x-ray: 1 (50%) x-ray: 6 (30%) x-ray: 1 (8.33%)

6 Global Spine Journal 0(0)



majority of cases resulting in small angular corrections, the
surgeon elected to perform small proximal extensions of fu-
sion. Disassociating this interaction was impossible in this
study. Secondly, this study was only able to adequately an-
alyze surgical strategy for revision of PJK in terms of angular
correction and proximal extension. A number of other factors
likely important for the prevention of recurrent PJK were not
included in this limited analysis. Suboptimal alignment of
fusion caudal to the PJK, for example, may predispose patients
to recurrent junctional issues. Given the low number of cases
in which distal alignment was changed in our series, such
variables are unable to be studied with adequate power.
Additionally, given the rolling prospective nature of data
collection in this database, there is significant variability in
final follow-up time between patients, which introduces the
potential for bias. Important parameters that most likely
significantly impact decision strategy and maintenance of the
results were also missing due to the retrospective nature of this
analysis, with bone health (BMD) and posterior muscle
quality being the two main ones. Finally, it should be noted
that while the majority of patients in this study presented with
PJF at the low thoracic level, patients with PJF at the high
thoracic and lumbar levels were also included. This was
necessary in order to increase the power and generalizability
of the study, however also introduces substantial variability.
The biomechanical forces acting on the upper thoracic, lower
thoracic, and lumbar spine are inherently different, and the
optimal numbers in terms of angular correction and proximal
extent of fusion may be different depending upon which part

of the spine is being treated. Despite this fact, the core
concept introduced by this study, that larger angular cor-
rections require more proximal extensions of fusion in
order to optimize stability, is likely universal. Further
studies with increased power for sub-stratification between
regions are necessary to establish more accurate surgical
goals.

Conclusion

Our understanding of the radiographic and biomechanical
predictors of proximal junctional failure following surgery for
adult spinal deformity has grown exponentially in recent
years. Nonetheless, surgical strategies for focal correction and
proximal fusion levels continue to vary widely, especially
amongst those undergoing revision surgery. In order to pro-
vide optimal surgical care for this high-risk patient population,
a higher level of reproducibility and predictability must be
achieved. This study establishes principals for focal correction
goals and proximal fusion levels. Specifically, for large PJK
angle corrections, surgeons should consider large proximal
extensions. Such guidelines may help with surgical planning
and reduce preventable complications in this high-risk patient
population.
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Figure 3. Standing sagittal films of 68-year-old female with low back pain and neurogenic claudication attributable to adult spinal deformity
(A). Following initial treatment with 2-stage T10-Pelvis fusion construct, the patient re-presented with increasing low back pain and
decompensated sagittal balance (PJA 34°) (B). The patient underwent a large (31°) PJK correction and moderate (6 level) proximal extension
of fusion (D). Unfortunately, she experienced recurrent PJF with new PJA of 45° (E). She then underwent a moderate (22°) angular correction
and moderate (5 level) proximal extension to C6, with maintenance of correction at 6-month follow-up examination (F).
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