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Abstract
Study Design: Retrospective cohort study.
Objective: Develop a simple scoring system to estimate proximal junctional kyphosis (PJK) risk.

Methods: A total of 417 adult spinal deformity (ASD) patients (80% females, 57.8 years) with 2-year follow-up were included. PJK was
defined as a >10° kyphotic angle between the upper-most instrumented vertebra (UIV) and the vertebrae 2 levels above the UIV
(UIV+-2). Based on a previous literature review, the following point score was attributed to parameters likely to impact PJK development:
age >55 years (I point), fusion to Sl/ilium (I point), UIV in the upper thoracic spine (UIV-UT: | point), UIV in the lower thoracic region
(UIV-LT: 2 points), flattening of the thoracic kyphosis (TK) relative to the lumbar lordosis (LL; ie, ALL — ATK) greater than 10° (I point).

Results: At 2 years, the overall PJK rate was 43%. The odds ratios for each risk factor were the following: age >55 years (2.52),
fusion to Sl/ilium (5.17), UIV-UT (6.63), UIV-LT (8.24), and ALL — ATK >10° (1.59). Analysis by risk factor revealed a significant
impact on PJK (no PJK vs PJK): age >55 years (28% vs 51%, P <.001), LIV S1/ilium (16.3% vs 51.4%, P <.001), UIV in lower thoracic
spine (12.0% vs 38.7% vs 52.9%, P < .001), and a >10° surgical reduction in TK relative to LL increase (40.0% vs 51.5%, P <.001).
The PJK rate by point score was as follows: | = 17%, 2 = 29%, 3 = 40%, 4 = 53%, and 5 = 69%.

Conclusion: A pragmatic scoring system was developed that is tied to the increasing risk of PJK. These findings are helpful for
surgical planning and preoperative counseling.
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Introduction

Symptomatic adult spinal deformity (ASD), an increasingly
prevalent disorder with the aging population, may warrant sur-
gical intervention as a means of improving pain and disabil-
ity."> There has been a marked increase in the number of ASD
surgeries over the past decade.> While there are clear benefits
to ASD surgery, complication rates remain high.* Among the
potential complications, instrumentation-related (ie, mechani-
cal) complications are among the most common; consequently,
these high mechanical complication rates necessitate further
research.

Among the most common complications of ASD surgery is
proximal junctional kyphosis (PJK).> While many cases of PJK
are incidental, benign radiographic findings, a subset of these
complications can be more severe and warrant extensive revi-
sion surgery. There remains debate over the risk factors that
predispose patients to PJK. Past studies have suggested that
pathology of adjacent segments may predispose patients to
developing PJK, while other research has linked both the type
of surgical correction®’ (eg, anterior vs posterior approach,
choice of the upper-most instrumented vertebra [UI'V]) and the
operative instrumentation (rod bending, screws, hooks, etc)6'9
to the development of PJK. Additionally, the development of
PJK has been suggested to be associated with patient
demographics.®'%!!

These risk factors were recently identified and studied in
a systematic literature review and meta-analysis. The
results reported are extensive and demonstrate the relation-
ship between more than 20 risk factors and PJK develop-
ment.**'? However, these factors cannot be easily applied
in the clinical setting due to the extensive number of fac-
tors. Consequently, there is a need for a simplified score to
assess risk of PJK on the basis of previously identified risk
factors. Our objective in the present study was to focus on
the risk factors for PJK that appear to be most impactful
based on previous studies and generate a simplified scoring
system that can be applied preoperatively as a means of
predicting the risk of PJK following surgical correction
of ASD.

Methods
Ethical Standards

This study was conducted in compliance with all applicable
local, state, and national laws and regulations. Furthermore, all
data were collected and analyzed with institutional review
board approval.

Study Design

This was a retrospective review of a prospectively collected,
multicenter database. Data were collected at 11 sites through-
out the United States.

Subjects

The first inclusion criterion was surgical treatment for ASD.
Furthermore, patients were only included if they were eli-
gible for a minimum of 2 years of follow-up following
surgical treatment. Radiographic measures served as further
inclusion criteria. Specifically, we only included patients
with a major coronal Cobb angle of equal to or greater than
20° (Cobb > 20°), a sagittal vertical axis (SVA) greater than
or equal to S5cm (SVA > 5cm), a pelvic tilt (PT) greater
than or equal to 25° (PT > 25°), and/or a thoracic kyphosis
(TK) greater than or equal to 60° (TK > 60°). Last, patients
were excluded if they underwent a revision procedure
between their baseline, postsurgical encounter, and their
second-year follow-up.

Data Collection

Following inclusion and exclusion of subjects, data of inter-
est were queried, measured, and calculated. First, demo-
graphic data including age and sex were queried from our
database. Subsequently, utilizing surgical information, the
positions of the UIV and lower-most instrumented vertebra
(LTV) were determined. Radiographic measures were
obtained from standing full-length (36-inch) radiographs
that were measured at a central location using the
validated Spineview Software (Spineview, ENSAM,
Paris).'> To ensure reliability, all X-ray measurements
were performed by a single, experienced reader and veri-
fied by a second experienced reader. Measurements
were then used to generate radiographic parameters
within the Matlab suite (Matlab 2015b, MathWorks,
Natick, MA).

Spinopelvic parameters, shown in Figure 1, including pelvic
incidence (PI), PT, lumbar lordosis (LL), and T1 pelvic angle
(T1PA) were assessed using standard methodology based on
previous literature."*'” Furthermore, the magnitude of the
thoracic and lumbar curvatures were assessed in both fused and
unfused portions of the cures.

Additionally, angles of spinal alignment were also calcu-
lated. The PJK angle was calculated as the Cobb angle
between the inferior endplate of the previously identified
UIV and the superior endplate of the vertebra 2 levels above
the UIV (UIV+2). With respect to identifying surgical
fusions, we considered each curvature of the spine as
“fused” if the fused vertebral levels were within the bound-
aries of the instrumentation. To be specific, the LL was
considered fused between the LIV and L1 and unfused
between S1 and the LIV. For example, an L1-L4 fusion
would be considered unfused between S1 and L4, and fused
between L1 and L4. Accordingly, the TK was considered
fused between T12 and the UIV and considered unfused
between UIV and T4. Following calculation of relevant
parameters, the SRS-Schwab classification system was
employed for deformity classification.'®
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Figure |. Left: Classic spino-pelvic parameters included on this analysis: pelvic incidence (PI), pelvic tilt (PT), lumbar lordosis (LL; L1-SI),
thoracic kyphosis (T4-T12), sagittal vertical axis (SVA), and T| pelvic angle (TPA). Right: Lumbar and thoracic curvatures analyzed by segment:

LI-SI = LL fused + LL Unfused; T4-T12 = TK Fused + TK unfused.

PIK Scoring

In order to determine the rate of PJK, we first used the defi-
nition of PJK previously reported by Glattes et al,' as a
kyphotic angle greater than 10° between the UIV and the
UIV+2 and a kyphotic change greater than 10° between base-
line and follow-up at 2 years. Accordingly, we then deter-
mined the rate of radiographic PJK using radiographs at the
2-year follow-up. Using the risk factors previously identified
by meta-analysis, the following 5 risk factors were then
assessed on our dataset: (1) age >55 years, (2) fusion includ-
ing S1/Ilium, (3) UIV within the upper thoracic region (T1-
T6), (4) ULV within the lower thoracic region (T7-T12), and
(5) magnitude of lordotic correction.® To define this lordotic
correction, we assigned the angle associated with the kyphotic
curvature as negative and the angle associated with the lordo-
tic curvature as positive. The change in TK and LL within the
fused spine was recorded between baseline and 2-year follow-
up. Subsequently, the sum of these values was identified as
the magnitude of lordotic correction. If the magnitude of lor-
dotic correction was greater than 10°, a single point was
given. Henceforth, this arithmetic sum will be referred to
lordotic correction. For risk factors (1), (2), (3), and (5), a
single point was assigned for each criterion met, while 2
points were assigned if criterion (4) was met (Figure 2). This
scoring methodology was based on the odds ratios presented
in a previous meta-analysis.® The sum of points was defined
as the PJK risk score. Patients were stratified by each of the
5 criteria, and the rate of radiographic PJK was assessed using
x? test. The relationship between an increase in PJK score and
postoperative PJK angle was assessed using Spearman
correlation.

Results

Radiographic Measures and SRS-Schwab Classification

Of 603 eligible patients, 417 (69.1%) had sufficient data to
be included in the analysis. The mean age was 57.8 + 14.9
years with a mean body mass index (BMI) of 27.2 + 5.68.
Women comprised a majority of included subjects (80.8%).
At baseline, the mean coronal C7 plumb line (C7PL) offset
was 35.5 + 34.3mm with a mean absolute major Cobb
angle of 42.1 + 20.2°.

Sagittal alignment changed significantly between baseline
and 2-year follow-up. PT significantly decreased from a mean
of 23.5° to a mean of 21.0° at 2-year follow-up (P < .001).
Similarly, PI-LL mismatch significantly decreased (80.7%)
between baseline and 2-year follow-up (P < .001). Significant
decreases at 2-year follow-up were observed for SVA and T1
pelvic angle (TPA; 53.4% and 23.2%, respectively, P < .001;
Table 1). The prevalence of curve type and sagittal modifiers,
based on the SRS-Schwab Classification, are shown
in Figure 3.

Patients were stratified into groups on the basis of each indi-
vidual scoring criterion. There was a minimum of 25 patients in
each possible score within each group. Furthermore, within each
scoring criteria group, there was increase in the proportion of
patients with PJK as the score increased (Table 2).

Analysis of individual scoring criteria revealed that a posi-
tive score for each criterion was associated with increased odds
of developing PJK. A UIV within the lower thoracic region was
the most significantly associated with developing PJK, while
LIV within the pelvis was the second most significantly asso-
ciated criterion (Table 3).
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PJK Risk Scoring

' N
Age
Under 55 year old 0
Over 55 year old 1
\ B>,
d s A
LIV Position
LIV above S1 0
LIV S1 / lliac 1
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4 UIV Position A
UIV Lumbar Spine 0
UIV Upper Thoracic 2
UIV Lower Thoracic 2
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Correction
Lordotic Change < 10° 0
Lordotic Change > 10° 1 )

Figure 2. Chart of the PJK Risk Scoring System. LIV, lower-most
instrumented vertebra; UIV, upper-most instrumented vertebra.

Table I. Description of Sagittal Parameters Between Baseline and
2-Year Follow-up.

Baseline 2 Years Change (A)
Parameters Mean SD Mean SD Mean SD P
PT (°) 235 110 210 102 -24 82 <.00I
PI-LL (°) 150 214 28 152 —12.1 184 <00l
SVA (mm) 65.1 758 303 554 348 673 <.00I
TPA (°) 224 138 172 112 =52 108 <.00I

Abbreviations: PT, pelvic tilt; Pl, pelvic incidence; LL, lumbar lordosis; SVA,
sagittal vertical axis; TPA, T| pelvic angle.

A comparison of the rate of PJK among patients with vary-
ing PJK risk scores revealed a significant difference between
the score groups (P <.001). At a score of 1, approximately 17%
met the inclusion criteria for radiographic PJK, while 69% of
patients with a PJK score of 5 met the radiographic inclusion
criteria for PJK. Thus, an increase in PJK risk score was asso-
ciated with a progressive increase in the proportion of scored
patients which met the previously defined radiographic inclu-
sion criteria for PJK (Figure 4).

Appropriately, as the PJK risk score increased there was a
progressive increase in the odds associated with developing
PJK. While progressive score increases were linked to
increased odds, a PJK risk score of 5 was most strongly asso-
ciated (11.0 times) the odds of developing PJK, while a risk
score of 4 was the second most strongly associated with 5.3
times the odds of developing PJK (P < .001; Table 4).

A significant association was found between an increase in
PJK score and an increase in PJK angle (r = —0.268; P <.001).
A higher PJK score was associated with a larger focal kyphosis
at the UIV level.

Discussion

This study has identified that the 5 parameters, identified with
literature review and tested using our dataset, are individually
associated with an increase in the rate of PJK. Furthermore, the
scoring system applied quantifies a significant increase in PJK
rates as the score increases. Specifically, while the occurrence
of PJK in patients with a score of 1 was approximately 15%,
patients with a score of 5 had a PJK rate of nearly 70%. As
such, we have demonstrated that a straightforward scale may be
used to quantify both the potential risk of developing PJK and
the severity of PJK in at-risk populations.

Our findings are consistent with previous reports. Past meta-
analyses have identified that an age greater than 55 years had
2.19 times the odds of developing PJK compared with those
less than 55 years of age, and we have noted a similar odds ratio
of 2.59 within our study population.® In general, age may be a
surrogate measure for a combination of increased comorbidity,
frailty, poor muscle quality, and overall poor health. As such,
age itself may not present a risk for developing a PJK but may
serve as a representative variable that reflects the varied comor-
bidities that may increase the risk for PJK.

Within the same meta-analysis, the odds of developing PJK
were reported as 2.12 times higher in patients with a fusion that
included the pelvis; however, we have noted a higher odds ratio
of 5.17. This result may simply be due to the small proportion
of patients whose fusion did not include the pelvis (22%). As
such, it may be that the population studied herein varies from
past research with respect to patient profile and number of
levels fused. This variation may be attributable to our popula-
tion, ASD surgical patients, who were typically addressed sur-
gically with a longer fusion that commonly included the pelvis
in order to promote lumbosacral fusion and lend increased
stability.?’

With regard to the impact of the UIV, our analysis yielded
an odds ratio that was slightly increased relative to past
research (4.63 vs 2.38).2' As past research primarily focused
on the idiopathic scoliosis population, this discrepancy may
indicate that the impact of UIV selection on the development
of PJK may vary based on etiology of deformity. In addition,
past research compared an upper thoracic UIV to a lower thor-
acic UIV while we compared an upper thoracic UIV to a lum-
bar UIV. As such, relative to an upper thoracic UIV, a lumbar
UIV appears associated with a lower rate of PJK than a lower
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4 Coronal Curves Type

T Thoracic only
with lumbar curve < 30°

L TL/ Lumbar only
with thoracic curve <30°

36.5%

D Double Curve
with at least one T and one TL/L,
both > 30°

27.6%

N No Coronal Curve 30.7%

All coronal curves <30 °

/

3 Sagittal Modifiers
4 Pl minus LL h

0 : within 10° 41.0%
+ : moderate 10-20° 22.1%
++ : marked >20° 36.9%
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( Global alignment )
0:SVA<4cm 42.2%
+:SVA 4t09.5cm 25.9%
++:SVA >9.5cm 31.9%

NG J/
4 Pelvic Tilt )
0:PT<20° 36.7%
+: PT 20-30° 37.9%
++: PT>30° 25.4%

.

Figure 3. SRS-Schwab classification threshold. Percentage of the population associated with each category.

Table 2. Patients Sorted by Score Criteria With Associated Proximal
Junctional Kyphosis (PJK) Rates.

Table 3. Odds Ratio of Scoring Criteria as Independent Predictors of
PJK.

Age <55 years >55 years P

Number of 141 276 —
Patients

PJK rate 28.40% 50.00% P < .00l

LIV Position Within Spine S1/Mlium P

Number of 92 325 —
patients

PJK rate 16.30% 50.20% P <.001

UIV Position LI-SI TI2-T7 Té6-TlI P

Number of 25 172 215 —
patients

PJK rate 12.00% 38.70% 52.90% P < .00l

Correction A Lordosis A Lordosis P
Criteria >10° <|0°

Number of 171 215 —
patients

PJK rate 40.00% 51.50% P <.00l

Abbreviations: PJK, proximal junctional kyphosis; LIV, lower-most instrumen-
ted vertebra; UIV, upper-most instrumented vertebra.

thoracic UIV. Interestingly, we noted that a UIV location
within the lower thoracic region was associated with the largest
odds of developing PJK. This trend has been previously
described in literature®* and, within our study, may simply
reflect the large proportion of patients with lower thoracic UI'V.

Finally, our last scoring criteria was lordotic correction,
which has been frequently linked to PJK.>'"** As previously
defined, the lordotic correction refers to the difference between
the change in LL and TK between preoperative and

Dependent Variable Covariate OR [95% ClI] P

Age <55 years Ref —
>55 years 2.525 [1.633-3.903]

LIV LIV within spine Ref —
LIV within pelvis 5.165 [2.851-9.358]

Upper thoracic UIV  Lumbar UIV Ref —
Upper thoracic UIV  4.632 [1.345-15.954]

Lower thoracic UIV Lumbar UIV Ref —
Lower thoracic UIV 8.239 [2.377-28.552]

Correction A Lordosis >10° Ref —

A Lordosis <10° 1.590 [1.060-2.395]

Abbreviations: PJK, proximal junctional kyphosis; OR, odds ratio; Cl, confi-
dence interval; LIV, lower-most instrumented vertebra; UIV, upper-most
instrumented vertebra.

postoperative end-points (ALL — ATK). While many past stud-
ies have examined the role of SVA in assessing the impact of
surgical intervention on sagittal alignment, the use of SVA to
assess the risk of developing PJK is limited by the nature of
SVA. As defined by previous research, SVA varies with patient
position and pelvic rotation which classifies SVA as a dynamic
parameter. Consequently, SVA is modulated by compensatory
mechanisms such as PJK. On the other hand, lordotic and
kyphotic change can be controlled through surgical interven-
tion and be quantified preoperatively with software. Thus,
while other radiographic parameters are associated with PJK,
using lordotic correction as a scoring parameter is justified by
its surgical malleability and relative inelasticity to compensa-
tory mechanisms. Furthermore, the degree of lordotic mis-
match may be mitigated through preparing the thoracic spine
for reciprocal change on restoration of the LL. This may be
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Figure 4. Rate of proximal junctional kyphosis (PJK) across the score
groups.

Table 4. Logistic Regression of PJK Risk Scores as Independent
Predictors of PJK.

Dependent Variable ~ Covariate OR [95% CI] P

PJK Risk score of | Ref —
Risk score of 2 — 225
Risk score of 3 3.2[1.9-5.2] .020
Risk score of 4 5.3 [3.3-8.6] <.001
Risk score of 5 11.0 [6.4-189] <.001I

Abbreviations: PJK, proximal junctional kyphosis; OR, odds ratio; Cl, confi-
dence interval.

done through introducing a kyphotic bend in the proximal por-
tion of the rod and may represent a means for mitigating poten-
tial risk of developing PJK.

Given the potentially impactful consequences of PJK, a
clear, point-based risk assessment tool provides clear clinical
applications. During preoperative risk assessment, this scale
may be used during patient counseling in order to aid the
patient and clinician in the evaluation of risks and benefits
posed by operative intervention. Furthermore, the use of a scor-
ing system may allow clinicians to easily quantify risk and
assess whether the planned intervention is suitable. For exam-
ple, a 70-year-old patient that is initially planned to have a
fusion from T10 to the ilium with a planned correction of ALL
= 25 and ATK = —10 would be scored as 0 (age < 55) + 1
(LIV = ilium) + 2 (UIV = T10) + 1 (Lordotic-Kyphotic
imbalance greater than 10) = PJK Score 5, presenting an over-
all 69% chance of developing PJK (Figure 5). However, if the
same patient is planned to undergo a fusion from T4 to the
ilium, with a planned correction of ALL = 20 and ATK = 10
they would be scored as 0 (age < 55) + 1 (LIV = Ilium) + 1
(UIV = T4) + 0 (LL-TK mismatch < 10) = 2, presenting an

25 year old ; Female

* P1=420"
* PT=33"
* PlLL=-24.5°
* SVA=-54cm

Correction performed:

* BLLFused =0°

= ATK Fused = -5° (kyphotic change)
" UIVeT2

s uvsLl

PIK score: 1
Risk of PJK : 17.1%

= PT=12.1°

* PlLL=-2.6"

* SVA=3.0cm

* PIK angle = -4.4°

72 year old ; Female

* P1=495"

* PT=230°

¢ PLL=22.1"

* SVA=12.2¢m

* BLL Fused = 20.7°

* ATK Fused = -19.2° (kyphotic change)
*UV=T3

= LUV = llium

BIK score: 3
Risk of PJK: 39.6%

e
* PT=220"

* PllL=37"

* SVA=55¢cm

* PIK angle = -13.9°

68 year old ; Female

* Pl=480°
* PT=26.8°
* PlLL=17.5"
* SVA=86cm

* ALLFused = 22.8°

* ATK Fused = -9* (kyphotic change)
* UIV=T10

o UV = llium

PIK score: 5
Risk of PIX: 69.4%

N
* PT=25.0"
* Pl-LL=-9.6"
* SVA=64cm
* PIK angle = -50.3°

Figure 5. Example of 3 patients with PJK (proximal junctional
kyphosis) scores ranging from | to 5 and their postoperative sagittal
alignment. As the score increases from | to 5, postoperative PJK
becomes increasingly severe (up to 50° of focal kyphosis).

overall risk of 29%. The second plan included a smaller cor-
rection while restoring thoracic alignment with a longer fusion,
and had an appreciable 41% decrease in risk of developing
PJK. Consequently, preoperative changes based on risk assess-
ment may allow clinicians to avoid procedures that pose a
significant risk for developing PJK.

While the scoring system described herein presents a
method to optimize surgical intervention that may decrease risk
of developing PJK, this scoring methodology does not suggest
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that every patient is eligible for preoperative optimization. For
patients with a substantial degree of deformity that present at an
advanced age, it is possible that corrective surgery will neces-
sarily introduce a higher-than-desired risk of developing PJK.
These patients must be addressed individually as the risk of
developing PJK should be weighed against the relative benefit
of operative intervention over nonoperative treatment. In cases
where low bone mineral density (BMD) predisposes a patient
to PJK, treatment with teriparatide aimed at increasing BMD
may provide a means to reduce the risk of PJK.** Additionally,
past research has identified muscular wasting as a risk factor
for the development of PJK.?*> Consequently, muscular reinfor-
cement, for example, using prophylactic preoperative physical
therapy, may provide additional benefit for patients with com-
promised muscular integrity.

Limitations

While our analysis provides promising results, we were unable
to fully assess all factors identified in the literature. Several
past studies have referenced the degree to which BMD may
influence the development of PJK,***” but we were unable to
incorporate BMD due to low availability of BMD data within
our data set. Future work is needed to determine the degree to
which BMD may be incorporated into the PJK scoring criteria
listed herein. Additionally, while the scoring criteria provides
useful information, it does not provide a method to assess
patient-specific factors, which would suggest that prophylactic
instrumentation, such as tethering, should be employed to
reduce risk of PJK.

Conclusion

This study furthers our understanding of the association
between published factors and PJK. We provide a simple prag-
matic scoring system for the prediction of risk of PJK following
surgery for ASD. The findings from this study may permit
enhanced shared decision making and patient counseling pre-
operatively. Additionally, based on the results of this investi-
gation, surgeons may consider altering their surgical strategy to
mitigate the risk of postoperative development of PJK.
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