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STRUCTURED ABSTRACT

Study Design: Retrospective analysis of prospective data.

Objective: Evaluate the impact of radiographic and morphologic configuration of the uppermost
instrumented vertebrae (UIV) region on proximal junctional kyphosis (PJK) rates.

Background: Literature is limited on evaluation of the preoperative landing zone (UIV-1to UIV
+2 levels) and its impact on development of PJK.

Methods: Adult ASD patients with native baseline thoracolumbar junction, postoperative UIV
between T9-T12 and LIV extending to pelvis, and 2-year follow-up available were included.
Landing zone was assessed on radiographs for Meyerding grade listhesis and posterior
translation angle by 2 spine surgeons. Comparative analyses were performed on demographics,
radiographic parameters, and PJK rates across patients with/without landing zone listhesis and
above/below 15° UIV spinopelvic inclination (UIV SPi). Multivariable regression, accounting
for listhesis, UIV SPi, PJK prophylaxis, age, osteoporosis, radiographic UIV quality (bridging
osteophytes/degenerative disc disease) and change in PI-LL and SVA, was used to identify
independent predictors of PJK.

Results: Among 244 patients, mean age was 64.41 years, 73.0% were female, mean CCI was
1.97. In total, 30% had preoperative landing zone listhesis and 42% had posterior translation
(41% with baseline posterior translation and 59% with iatrogenic translation). Listhesis patients
had similar baseline and 2-year radiographic alignment but higher 2-year PJK rates (32.9% vs.
20.5%, p=0.04). UIV SPi>15° patients also had higher PJK (37.5% vs 14.2%, p<0.01) and PJK

reoperation (16.3% vs. 5.8%, p=0.01) rates. Patients with both listhesis and UIV SPi>15° had the
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highest PJK (45.5%, p=0.03) and PJK reoperation (21.1%, p=0.18) rates. Multivariable
regression (R?=0.33) identified landing zone listhesis (coeff=1.0, p=0.01) and UIV SPi (coeff=-
0.22, p<.001) to be predictive of PJK.

Conclusions: Preoperative listhesis and postoperative posterior translation are independent
predictors of 2-year PJK. These findings highlight the importance of meticulous selection of the

UIV landing zone, with particular emphasis on preoperative listhesis and spinopelvic inclination.

Level of Evidence: IV

Key Words: Uppermost Instrumented Vertebrae; Landing Zone; Listhesis; Spinopelvic

Inclination; Alignment; Proximal Junctional Kyphosis

KEY POINTS

Proximal junctional kyphosis (PJK) is a multifactorial complication that has been

associated with patient-, surgical-, and alignment-related risk factors.

e Preoperative radiographic characteristics of the uppermost instrumented vertebrae (UIV)
landing zone, defined as preoperative UIV-1 to UIV +2 levels, may contribute to the
development of PJK postoperatively but have not been previously studied.

e This investigation found that preoperative listhesis and postoperative UIV SPi are
independent predictors of 2-year PJK.

e These findings highlight the importance of meticulous selection of the UIV landing zone,

with particular emphasis on preoperative listhesis and spinopelvic inclination.
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INTRODUCTION

As the leading cause of poor outcomes in modern spine surgery, proximal junctional kyphosis
(PJK) is a multifactorial complication that has been associated with patient-, surgical-, and
alignment-related risk factors."® Patient-related risk factors such as older age, frailty, and
osteoporosis, contribute to decreased soft tissue quality and bone mineral density, which may
compromise construct integrity and stability."™ Surgical decision-making, such as choice of
three-column osteotomy and fusion to the sacrum, can further impact load distribution and
potentially increase the risk of PJK.® Over-correction of alignment, which is often associated
with inadequate distribution of lordosis, can also result in unfavorable construct that could lead
to reciprocal changes within the unfused segments of the spine and/or PJK."® Preoperative
optimization of the surgical plan and careful selection of the operative technique may have the

potential to mitigate the risk of PJK.*°

From an alignment standpoint, most studies in literature examining PJK utilize postoperative
radiographs to assess surgical constructs and their impact on sagittal alignment. Lafage et al., for
instance, demonstrated that overcorrection of the proximal lumbar spine and posterior inclination
of the rod in the UIV zone led to higher risk of PJK.' The UIV zone has rarely been evaluated
on preoperative radiographs in patients with and without PJK. In particular, preoperative
spondylolisthesis, defined as the presence of vertebral slippage of one vertebra over another, and
posterior translation of the zone, defined as posterior displacement of one vertebrae relative to

another, may contribute to increased risk of PJK.
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This study proposes a landing zone terminology to describe one level below the planned upper
instrumented vertebrae (UIV) to two levels above (UIV -1 to UIV +2) on baseline radiographs.
Our primary aim was to identify preoperative degenerative and alignment-related properties of

the landing zone that may potentially impact the risk of developing proximal junction kyphosis.

METHODS

Study Design

This is a retrospective cohort study of a prospectively collected multicenter database across
twenty spine centers in the United States. Institutional review board approval was obtained from
all centers prior to data collection and informed consent was obtained from all patients included
in the study. Patients were included in the database if they were 18-years or older and met at
least one of the following criteria: Cobb angle >20°, SVA > 5 cm, pelvic tilt (PT) > 25°, and/or
thoracic kyphosis (TK) > 60°. Patients with spinal deformities of neuromuscular origin and
active infection or malignancy were excluded. For this study, the database was filtered for
patients who had a native thoracolumbar junction at baseline, a postoperative UIV between T9—
T12, a lower instrumented vertebra (L1V) at the pelvis, and full spine radiographs at baseline and

2 years postoperatively.

Variables
Demographic variables included age, sex, body mass index (BMI), Charlson comorbidity index
(CCI), Edmonton frailty index, and history of osteoporosis. Surgical parameters included history

of spine surgery, International Spine Study Group (ISSG) Surgical Invasiveness score, number of
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levels fused, performance of a 3-column osteotomy, use of PJK prophylaxis (e.g., hook, cement
and tethering/ligament augmentation), estimated blood loss (EBL), and length of stay (LOS).
Radiographic sagittal parameters included pelvic tilt (PT), lumbar lordosis (LL), pelvic incidence
minus lumbar lordosis (PI-LL), sagittal vertical axis (SVA), T1-pelvic angle (T1PA), T10-L2
Cobb angle, L1-L4 Cobb angle, L4-S1 Cobb angle, and UIV spinopelvic inclination (UIV SPi).
UIV SPi was measured as the angle between a line from the center of the UIV to the center of the
femoral heads and a vertical reference line. The landing zone, defined as UIV-1to UIV+2, was
assessed on preoperative lateral radiographs by two fellowship trained practicing spine surgeons
for the following characteristics: degenerative listhesis of Meyerding grade 1 and above, and
posterior translation of the segment (UIV) using UIV SPi angle (Figure 1). Postoperative
surgical complications included PJK (i.e., a proximal junctional angle [PJA] at or above 10° and

a 2-year change in PJA at or above 10°) and reoperation for PJK.'2*3

Statistical Analyses:
This study performed three analyses to assess the stratified and combined effects of landing zone
listhesis and/or posterior translation of the UIV region:

1) For the landing zone degeneration listhesis analysis, patients were stratified based on the
presence or absence of landing zone listhesis of Meyerding grade 1 and above.**

2) For the landing zone translation analysis, patients were grouped based on UIV SPi at
baseline and 6-weeks postoperatively into posteriorly translated (UIV SPi >15°) and not
posteriorly translated (UIV SPi <15°), as defined by Diebo et al.*®

3) For the combined effect of landing zone listhesis and translation analysis, patients were

stratified into 3 groups: 1% or reference group (L4-S1 between 35°-45°, T10-L2 between
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-10°-10°, UIV SPi <15°, and no landing zone listhesis), 2" group (UIV SPi >15° or
landing zone listhesis), and 3™ group (UIV SPi >15° and landing zone listhesis).
Demographic variables, surgical parameters, radiographic parameters at baseline, magnitude of
correction at 2-years postoperatively, and 2-year rate of postoperative complications (PJK, PJK

reoperation) were compared between the groups. Independent samples t-test and chi-square
analyses were used for continuous and categorical variables, respectively. Multivariate logistic
regression analyses were performed to predict postoperative junctional complications and
reoperations, with age, osteoporosis, landing zone characteristics, UIV SPi, PI-LL and SVA
magnitude of correction, and PJK prophylaxis as covariates. All analyses were performed using
SPSS (IBM SPSS Statistics, Version 25.0. Armonk, NY: IBM Corp), with the statistical

significance set at 0.05 a priori.

RESULTS

Cohort Characteristics:

Among the 244 patients that met the inclusion criteria, mean age was 64.41 years, 178 (73.0%)
were female, mean CCI was 1.97, and 130 (53.3%) had received prior spine surgery. The mean
ISSG surgical invasiveness score was 85.76, mean number of levels fused were 10, 38 (15.6%)
underwent 3-column osteotomy, and 91 (37.3%) received PJK prophylaxis. The mean EBL was
1.7L and mean LOS was 6.9 days. After stratification by the three defined sub-groups, no
statistically significant difference was observed for age, sex, BMI, CCI, Edmonton Frailty,
history of osteoporosis, prior spine surgery, ISSG surgical invasiveness score, mean number of

levels fused, use of 3-column osteotomies, use of PJK prophylaxis, EBL, and LOS (Table 1).
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Landing Zone Listhesis Analysis:

After stratification by the presence or absence of landing zone listhesis, 73 (29.9%) patients had
grade 1 or higher spondylolisthesis and 171 (70.2%) patients did not. There were no differences
in sagittal radiographic parameters at baseline or over 2-years postoperatively. Patients with
preoperative landing zone listhesis had higher rate of PJK (Listhesis = 32.9% vs No Listhesis =
20.5%, p=0.038) but comparable rate of reoperation due to PJK (8.8% vs 13.7%, p=0.245)

(Table 2).

Landing Zone Translation Analysis: Preoperative and latrogenic Postoperative

Afterwards, patients were stratified by the degree of posterior translation at baseline and 6-week
postoperatively. Among those not posteriorly translated on baseline lateral radiographs, 123
(50.4%) were also not translated at 6-week postoperatively while 61 (25.0%) were translated at
6-week postoperatively (iatrogenic translation). Furthermore, among those posteriorly translated
on baseline lateral radiographs, 17 (7.0%) were not translated at 6-week postoperatively while 43
(17.6%) were translated at 6-week postoperatively (Figure 2). After stratification by 6-week
postoperative UIV SPi, 103 patients were posteriorly translated regardless of baseline status

(UIV SPi >15°) and 141 were not (UIV SPi <15°).

At 2-years postoperatively, posteriorly translated patients had a higher SVA (27.0mm £ 9.6mm
vs 24.5mm + 8.8mm, p=0.03). Posteriorly translated patients also had higher rates of PJK (37.5%
vs 14.2%, p<0.001) and reoperation for PJK (16.3% vs 5.7%, p=0.006) (Table 3). Patients who
were not posteriorly translated at baseline or 6-week postoperatively had the lowest rate of PJK

(13.7%) (Figure 2). In contrast, patients with iatrogenic postoperative translation had a higher
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PJK rate of 32.6%, while patients with translation at both time points had the highest PJK rate of

41.0% (p<0.001). PJK reoperation were not significantly different across the groups (p>0.05)

The Combined Picture of Landing Zone Listhesis, Translation, and Alignment Analysis:
After grouping by alignment characteristics, 19 (7.8%) were aligned per L4-S1 and T10-L2
targets, without UIV posterior translation or landing zone listhesis, 118 (48.4%) either had
preoperative landing zone listhesis or postoperative posterior translation, and 33 (13.5%) had
both landing zone listhesis and posterior translation (Figure 3). Patients with both landing zone
listhesis and postoperative posterior translation had the highest incidence of PJK at a rate of
45.5% compared to patients with either landing zone listhesis or UIV posterior translation
(28.8%) and aligned patients without landing zone listhesis or UIV posterior translation (10.5%)
(p=0.03). There was no difference in the 2-year rates of PJK reoperation between these groups
(p=0.2) (Table 4). In the multivariate logistic regression model (R?=0.27), the 2-year rate of PJK
was associated with landing zone listhesis (coeff=0.76, p=0.04) and 6-week postoperative UIVV
SPi (coeff=0.20, p<.001), overpowering the usage of PJK prophylaxis as a variable (coeff=-0.19,

p=0.62) (Table 5).

DISCUSSION

This investigation assessed the impact of perioperative landing zone characteristics on the
occurrence of postoperative proximal junction kyphosis and found that both preoperative landing
zone listhesis and perioperative posterior translation were associated with a higher rate of PJK at
2-years postoperatively. On multivariate analysis, landing zone listhesis and U1V posterior

translation at 6-weeks postoperatively were independent predictors for PJK at 2-years
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postoperatively. Finally, appropriate alignment at both the thoracolumbar junction (T10-L2) and
distal arc of lumbar lordosis (L4-S1) without preoperative landing zone listhesis or UIV posterior

translation at 6-weeks postoperatively was associated with the lowest rates of 2-year PJK.

This investigation focused on the characteristics of the landing zone, the vertebral levels
immediately cranial and caudal to the UIV, finding that the presence of preoperative listhesis
was associated with PJK on both univariate and multivariate analyses. This association between
landing zone listhesis and PJK may be explained by an inherent instability of the junctional zone
in patients with listhesis, which may lead to biomechanically unfavorable load distributions.
Therefore, this study advocates for a comprehensive preoperative assessment of the planned UIV
landing zone, shifting the emphasis towards preventing PJK instead of the traditional

postoperative analysis.

Posterior translation of the landing zone is a new concept proposed by this investigation. This
concept emphasizes baseline radiographic assessment of translation. This study found that almost
1 in every 4 patients had a posteriorly translated landing zone of >15 degree on their initial
standing radiographs.™. Although this alignment characteristic may not have any impact on
clinical outcomes at baseline, fusing the spine with a similarly translated construct was
associated with higher rates of PJK which may indicate unfavorable constructs biomechanically.
In addition, this study had a unique group of patients who did not present with a posteriorly
translated zone at baseline but were iatrogenically translated/overcorrected (25%). latrogenic
translation is often associated with overcorrection of proximal lumbar lordosis, even after

appropriate restoration of total lumbar lordosis, and has been associated with PJK in numerous
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studies.”®®” PJK in this case may occur as a reciprocal change to disproportion between the
gravity line and the sagittal vertical axis.’®. The lowest rate of PJK occurred in the subset of
patients who were aligned in the sagittal plane without landing zone listhesis or UIV posterior
translation. Ultimately, these findings suggest that careful surgical planning should incorporate
both adequate restoration and distribution of lumbar lordosis.®*® Of note, it is imperative to
emphasize that this cohort only included patients with lower thoracic to pelvis fusions, which can
be less forgiving from an alignment standpoint than high thoracic UIV.? Surgical planning of
long spinal constructs is often complex; alignment is only one aspect of an extensive

multidisciplinary plan that addresses bone and muscle health to achieve successful outcomes.

Achieving intraoperative alignment that leads to optimal standing alignment remains very
complicated. Avoiding overcorrection and posterior translation while ensuring proper alignment
that is not undercorrected is more nuanced that once believed. This is all evident by persistently
elevated PJK rate over the last decade which encourages the spine community to further
alignment goals and biomechanically optimize spinal constructs.* Research is evolving
regarding how much lordosis is necessary, there are studies that propose specific magnitudes of
regional lordosis based on PI and newer studies that evaluate more nuanced goals by segmental
level ##% |t is generally recommended that the greatest proportion of lumbar lordosis is
generated distally, which can be defined as either below the lordotic apex or between L4-S1,
with increasing contribution from the proximal lumbar spine as pelvic incidence increases.”*%*
Thus, restoration of lumbar lordosis should focus on implementing interventions such as

interbody fusion and osteotomies distally and avoiding overcorrection from interbody fusion in

the proximal lumbar spine whenever possible. Intraoperatively, when positioning the patient,
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care should be taken to avoid excessive patient support that may artificially change the
magnitude of lumbar lordosis or translate the thoracolumbar junction such as over-padded chest
support. Finally, interval intraoperative lateral imaging can be utilized to monitor lordotic
restoration following soft tissue release or instrumentation at a consecutive level, allowing
adjustments to the surgical plan if necessary. In addition to segmental lordosis targets, an
intraoperative goal of < 15 degrees of posterior translation is the authors preferred method in
their own practice which can be achieved via sagittal T-Bar method or full 36inch intraoperative

films.

Despite the merits of this study, there are several potential limitations to consider. Firstly, this is
a retrospective study and prospective studies evaluating perioperative assessment of landing zone
listhesis and posterior translation at the UIV to further investigate the risk of proximal junctional
complications are needed. Secondly, landing zone listhesis was assessed in a binary manner,
which limits understanding of whether there is a linear or progressive risk for proximal junction
kyphosis based on the magnitude of listhesis. Lastly, bone quality of the landing zone, as
measured through the Hounsfield Units, was not assessed due to unavailability of the data. Fatty
infiltration and quality of paraspinal soft tissue stabilizers of the landing zone were also not

available.

CONCLUSIONS
In summary, the characteristics of the perioperative landing zone can have a significant impact
on the occurrence of PJK postoperatively. In particular, listhesis and posterior translation were

found to be independent predictors of PJK at 2-year follow-up. These findings highlight the
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significance of adequate restoration of regional lumbar lordosis and careful selection, with

thorough preoperative surgical planning, of the UIV landing zone to optimize surgical outcomes.
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Figure 1. Uppermost instrumented vertebrae (UIV) spinopelvic inclination (SPi) measurement
on lateral radiographs in normal patients (left), patients with landing zone listhesis (middle), and
patients with posterior translation of the landing zone (right). This measurement is the angle
formed by the line from the center of the UIV segment to the femoral heads and a vertical

reference line either from the femoral heads or the UIV segment.

Normal Landing Zone Listhesis Posterior Inclination
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Figure 2. Representative cases of patients without baseline or six-weeks postoperative
uppermost instrumented vertebrae (UIV) translation (top left), with baseline but not 6-week
translation (top right), iatrogenic UIV translation and subsequent proximal junctional kyphosis
(bottom left), and both baseline and six-week translation with subsequent proximal junctional
kyphosis (bottom right). Each case is presented with baseline, 6-weeks postoperative, and 2-
years postoperative radiographs, as well as the UIV spinopelvic inclination (SPi). Black line

indicates the measured UIV SPi and white line indicates the threshold UIV SPi of 15°.
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Figure 3. Baseline (left), 6 weeks (middle), and 1 year (right) anteroposterior and lateral
standing radiographs of a patient with preoperative landing zone listhesis, iatrogenic posterior
translation of the uppermost instrumented vertebrae (UIV), and subsequent development of

proximal junction kyphosis. Black line indicates the measured UIV spinopelvic inclination (SPi)

and white line indicates the threshold UIV SPi of 15°.
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Table 1. Comparative analysis of demographic and surgical parameters for the cohort stratified

by landing zone listhesis, UIV translation, alignment, and a combination of these parameters.

Variable Landing Zone
No Listhesis Listhesis p-value
(n=171) (n=73)
Demographics | Age (years) 65.1+9.1 66.1 + 8.0 0.40
Female Sex | 124 (72.5) 54 (74.0) 0.87
BMI (kg/m*) |29.1+5.7 28.4+5.2 0.42
CClI 19+1.6 22+138 0.11
Edmonton 3514 3.7x15 0.37
Frailty Index
Osteoporosis | 22 (12.9) 14 (19.2) 0.20
Surgical Prior Spine 91 (53.2) 39 (53.4) 0.99
Parameters Surgery
ISSG Surgical | 86.2 £ 29.1 84.2 +28.2 0.67
Invasiveness
score
Levels Fused |9.7+0.9 9.6+0.9 0.82
3-Column 26 (15.2) 11 (15.1) 0.98
Osteotomy
PJK 57 (33.3) 34 (46.6) 0.053
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Prophylaxis

EBL (L) 1.7+15 1.7+16 0.82
LOS (days) |7.2+4.6 7.0+3.4 0.64
Landing Zone Posterior Translation
Posteriorly Not Translated | p-value
Translated (UIV SPi <15°)
(UIV SPi >15°) | (n=104)
(n=140)
Demographics | Age (years) 65.0+9.4 66.0 £ 7.8 0.40
Female Sex 101 (72.1) 77 (74.0) 0.87
BMI (kg/m“) |29.1+5.9 28.6 4.9 0.42
CClI 20+1.6 19+17 0.11
Edmonton 35+15 36+13 0.37
Frailty Index
Osteoporosis | 19 (13.6) 17 (16.3) 0.53
Surgical Prior Spine 72 (51.4) 58 (55.8) 0.99
Parameters Surgery
ISSG Surgical | 87.8 + 28.5 82.7+29.2 0.67
Invasiveness
score
Levels Fused |9.6+0.8 9.7+£0.9 0.52
3-Column 23 (16.4) 15 (14.4) 0.69
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Osteotomy

PIK 53 (37.9) 38 (36.5) 0.053
Prophylaxis
EBL (L) 1.7+15 1.7+15 0.39
LOS (days) |7.4%5.0 6.9+29 0.11
Landing Zone Listhesis, Translation, and Alignment
Good Landing | Posteriorly Posteriorly p-
Zone and Good | Translated or Translated value
Alignment Landing Zone | with Landing
(n=19) Listhesis Zone Listhesis
(n=118) (n=33)
Demographics | Age (years) 61.9+10.0 66.0 + 8.0 65.6 £7.9 0.14
Female 15 (78.9) 88 (74.6) 25 (75.8) 0.92
BMI (kg/m?) |27.5+55 28.6 + 4.9 282+54 0.69
CClI 18+13 21+1.7 20+16 0.88
Edmonton 31+14 3.7+14 35+14 0.23
Frailty Index
Osteoporosis | 3 (15.8) 22 (18.6) 5(15.2) 0.88
Surgical Prior Spine 5 (26.3) 63 (53.4) 17 (51.5%) 0.09
Parameters Surgery
ISSG Surgical | 83.4 +27.8 84.9+29.9 82.2+£26.3 0.91

Invasiveness
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score

Levels Fused | 10.0+0.6 9.7+0.9 9.6+0.9 0.22
3-Column 1(5.3) 17 (14.4) 5 (15.2) 0.53
Osteotomy

PIK 5 (26.3) 44 (37.3) 15 (45.4) 0.41
Prophylaxis

EBL (L) 14+14 1717 15+11 0.59
LOS (days) [57+1.4 7.1+30 6.7 +3.4 0.17

Bold values indicate statistical significance at p<0.05.

Abbreviations: BMI = Body Mass Index, CC = Charlson Comorbidity Index, ISSG =

International Spine Study Group, PJK = Proximal Junctional Kyphosis, EBL = Estimated Blood

Loss, LOS = Length of Stay.
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Table 2. Comparison of baseline and 2-year postoperative change in spinopelvic alignment

between patients with and without landing zone listhesis.

No landing zone Landing zone p-value
listhesis (n=171) listhesis (n=73)

Preoperative

PT (°) 259+90 245+9.6 0.25
PI-LL (°) 21.6+18.1 17.8+17.7 0.13
LL (°) 33.2+19.6 36.3+20.0 0.27
SVA (mm) 67.7 £ 63.0 69.5 + 73.8 0.84
T1-pelvic angle (°) 246+11.1 23.5+11.8 0.47
T10-L2 (°) -95+15.3 -12.9+18.2 0.16
L1-L4 (°) 16+16.5 44+16.4 0.22
L4-S1 (°) 31.6+15.2 31.9+13.7 0.91
Change in Preoperative to 2-Year Postoperative

APT (°) 22+73 21+76 0.94
API-LL (°) -16.9 + 15.7 -16.6 + 15.7 0.86
ALL (°) 16.9 + 15.6 16.5 + 15.2 0.84
ASVA (mm) -23.6 £57.2 -32.2 +£60.5 0.29
AT1-pelvic angle (°) -4.0+9.3 -49+9.8 0.51
AT10-L2 (°) -3.8+15.2 -0.7+15.7 0.15
AL1-L4 (°) 154+134 15.6 £ 14.3 0.92
AL4-S1 (°) 15+125 0.8+11.7 0.71
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Complications

PIK 35 (20.5) 24 (32.9) 0.038

PJK Reoperation 15 (8.8) 10 (13.7) 0.25

Bold values indicate statistical significance at p<0.05.
Abbreviations: PT = Pelvic Tilt, PI-LL = Pelvic Incidence-Lumbar Lordosis mismatch, LL =

Lumbar Lordosis, SVA = Sagittal Vertical Axis, PJK = Proximal Junctional Kyphosis.
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Table 3. Comparison of baseline and 2-year postoperative change in spinopelvic alignment

between patients with and without posterior translation at the UIV.

Variable Not Posteriorly Posteriorly p-value

Translated (n=140) [ Translated

(n=104)

Preoperative
PT (°) 245+8.38 27.0+9.6 0.030
PI-LL (°) 219+17.4 18.6 + 18.8 0.16
LL (°) 34.2+19.9 34.0 +19.4 0.93
SVA (mm) 75.6 £ 67.2 58.6 + 63.8 0.046
T1-pelvic angle (°) 244+11.2 243 +11.4 0.97
T10-L2 (°) -73+15.6 -14.9+16.2 <0.001
L1-L4 (°) 3.3+158 1.2+17.3 0.32
L4-S1 (°) 30.9+155 32.8+13.6 0.33
Change in Preoperative to 2-Year Postoperative
APT (°) 2.8+7.7 -1.4+6.9 0.13
API-LL (°) -16.2 £ 15.7 -17.7+15.6 0.44
ALL (°) 16.4 + 15.7 17.3+15.2 0.65
ASVA (mm) 245+8.38 27.0+9.6 0.030
AT1-pelvic angle (°) 219174 18.6 £ 18.8 0.16
AT10-L2 (°) 34.2+19.9 34.0+194 0.93
AL1-L4 (°) 75.6 £ 67.2 58.6 + 63.8 0.046
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AL4-S1 (°) 244+ 11.2 243+ 11.4 0.97

Complications

PIK 20 (14.2) 39 (37.5) <0.001

PJK Reoperation 8 (5.7) 17 (16.3) 0.006

Bold values indicate statistical significance at p<0.05.
Abbreviations: PT = Pelvic Tilt, PI-LL = Pelvic Incidence-Lumbar Lordosis mismatch, LL =

Lumbar Lordosis, SVA = Sagittal Vertical Axis, PJK = Proximal Junctional Kyphosis.
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Table 4. Comparison of baseline and 2-year postoperative change in spinopelvic alignment

between patients stratified by landing zone listhesis, UIV (UIV) posterior translation, and

regional alignment.

Variable Good Landing Posteriorly Posteriorly p-
Zone and Good Translated or Translated with value
Alignment (n=19) Landing Zone Landing Zone
Listhesis (n=118) Listhesis (n=33)
Preoperative
PT (°) 224+6.1 25.4 +10.0 27.1+9.3 0.23
PI-LL (°) 142 +11.6 18.0 +£18.7 189+17.8 0.64
LL (°) 453+ 155 36.9+19.7 31.8+18.7 0.052
SVA (mm) 37.2+429 62.7 £ 65.7 60.4+715 0.29
T1-pelvic 19.1+6.5 23.6+11.7 244+ 114 0.22
angle (°)
T10-L2 (°) -7.4+12.8 -12.8+16.9 -175+17.3 0.11
L1-L4 (°) 4.6 £14.7 25+17.0 1.1+157 0.78
L4-S1 (°) 40.7 +10.6 344+ 155 30.6+£10.8 0.054
Change in Preoperative to 2-Year Postoperative
APT (°) 0.9+6.2 17+77 19+6.1 0.89
API-LL (°) -10.2 £ 13.0 -16.4+15.4 -18.6 £ 15.6 0.15
ALL (°) 10.6 £12.7 16.2 £ 15.0 18.1+15.1 0.20
ASVA (mm) |[-15.6+42.9 -24.9+£54.6 -38.8 £57.9 0.28
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AT1-pelvic -1.7+7.5 -3.8+95 -5.2+8.6 0.42
angle (°)

AT10-L2 (°) [3.1+128 -2.7+175 -0.8+14.9 0.34
AL1-L4 (°) 13.6+12.4 15.8 +13.4 17.0+16.3 0.69
AL4-S1 (°) -3.0+9.6 0.4+13.6 1.1+88 0.50
Complications

PJK 2 (10.5) 34 (28.8) 15 (45.5) 0.030
PJK 1(5.3) 13 (11.0) 7 (21.2) 0.18

Reoperation

Bold values indicate statistical significance at p<0.05.

Abbreviations: PT = Pelvic Tilt, PI-LL = Pelvic Incidence-Lumbar Lordosis mismatch, LL =

Lumbar Lordosis, SVA = Sagittal Vertical Axis, PJK = Proximal Junctional Kyphosis.
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Table 5. Multivariable logistic regression predicting PJK at 2-years.

Covariates Beta Coefficient | p-value
Age (years) 0.04 0.07
Osteoporosis -0.51 0.33
SVA correction at 2 years (mm) 0.01 0.11
PI-LL correction at 2 years (°) -0.01 0.56
Bridging osteophytes -0.33 0.56
PJK Prophylaxis -0.19 0.62
Landing zone listhesis 0.76 0.040
Baseline T10-L2 (°) 0.01 0.30
Distance UIV-Kyphosis apex (mm) | 0.11 0.57
UIV SPi (°) 0.20 <0.001

Bold values indicate statistical significance at p<0.05.
Abbreviations: SVA = Sagittal Vertical Axis, PI-LL = Pelvic Incidence-Lumbar Lordosis
mismatch, PJK = Proximal Junctional Kyphosis, UIV = Uppermost Instrumented Vertebrae, SPi

= Spinopelvic Inclination.
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