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Abstract

Background Several studies have identified risk factors
for proximal junctional kyphosis (PJK) after instrumenta-
tion for scoliosis, but the relative risks are unclear.
Questions/purposes We identified risk factors for PJK in
idiopathic scoliosis and determined their relative risks in a
predictive model.

Methods We retrospectively reviewed the charts of all
249 patients with idiopathic scoliosis who underwent sur-
gery from 1996 to 2008. We compared those who
developed PJK to those who did not. We identified risk
factors for PJK and performed univariate and multivariate
analyses to determine independent risk factors. We then
used a Cox proportional-hazards model to evaluate the time
to the development of PJK. The minimum followup time
was 1.5 years (mean, 4 years; range, 1.5-9 years).
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Results The incidence of PJK in our series of patients
with idiopathic scoliosis was 17%. There was no difference
in Scoliosis Research Society-22 scores between patients
without and with junctional kyphosis. Independent risk
factors included proximal fusion to T1 through T3 and
sagittal sacral vertical line, while in the Cox model a
combined anterior-posterior approach surgery was the most
important risk factor.

Conclusions Patients with a T1 through T3 upper instru-
mented level, combined anterior-posterior surgery, and
increased sagittal sacral vertical line difference had a
higher likelihood of developing PJK. Of these risk factors,
anterior-posterior surgery was the strongest risk factor.
Level of Evidence  Level III, prognostic study. See
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Spinal arthrodesis reportedly prevents progressive defor-
mity in idiopathic scoliosis [2, 3]. One of the complications
that can occur after arthrodesis in spine fusion is proximal
junctional kyphosis (PJK) [2-8, 10-13]. PJK is the pro-
gression of kyphosis at the proximal end of a construct
greater than 10°, which can lead to progressive decom-
pensation in the sagittal plane and, in some cases,
neurologic compromise [2]. The reported incidence ranges
between 10% and 40% [2, 5-13]. Reported risk factors for
developing PJK include long rigid fusion constructs [2, 5],
integrity of the posterior soft tissue tension band [2],
instrumentation techniques [3, 7], magnitude of sagittal
balance correction, and bone quality [12]. Some postulate
PJK has a multifactorial etiology related to surgical and
patient factors [2, 7, 12, 13]. However, the relative risks of
these various factors and their interactions are unclear.
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We therefore identified risk factors for PJK in idiopathic
scoliosis and determined their relative risks in a predictive
model.

Patients and Methods

We identified all 336 patients with idiopathic scoliosis
treated with primary instrumentation and fusion from 1996
and 2008. We included patients from all age groups with the
diagnosis of idiopathic scoliosis. Patients who did not have
complete charts, including a preoperative dual-energy x-ray
absorptiometry (DEXA), radiographs, and Scoliosis
Research Society-22 (SRS-22) questionnaire scores [1]
from the pre- and postoperative periods, were excluded from
the study, leaving a total of 249 patients for our study. There
were 214 females and 35 males with an average age of
35 years (range, 15-62 years) (Table 1). Forty-two of these
patients (17%) developed PJK during the followup period.
In the PJK group, the average age was 42 years. Eighteen of
the 42 (43%) patients who developed PJK during followup
did so within the first postoperative year (Fig. 1). The
minimum followup was 1.5 years (mean, 4 years; range,
1.5-9 years). We lost no patients to followup and did not
recall any patients specifically for this study; we obtained all
data from medical records and radiographic studies.

For DEXA, we defined normal patients as having a
T-score of greater than —1.0, those with osteopenia as
having a T-score of between —1.0 and —2.5, and those with
osteoporosis as having a T-score of less than —2.5. We
identified normal bone quality in 156 of 249 (63%) patients
and observed abnormal bone quality in 93 of 249 (37%)
patients: osteopenia in 16 of 249 (6%) and osteoporosis in
77 of 249 (31%).

All patients had a posterior or combined anterior-
posterior arthrodesis of the spine with varied instrumenta-
tion techniques ranging from hooks, wires, pedicle screws,
to cages. An average of 10.64 levels was fused in the whole
group, and 57 of 249 (23%) patients had a fusion that
included the S1 level.

Routine followup methodology included postoperative
visits at 2 weeks, 6 to 10 weeks, 6 months, and 1 year after
surgery. Subsequent followups were annual. Each followup
appointment consisted of a SRS-22 questionnaire (including
the pain and self-image subscales), radiographs, and a clin-
ical evaluation. Radiographic followup included radiographs
at three different time points: preoperative, immediate
postoperative (first followup after surgery, usually 6 to
10 weeks postoperatively), and most recent followup.
Patients stood naturally but with their shoulders flexed for-
ward approximately 30° so that their vertebral bodies could
be visualized on the lateral radiograph; we used a 91.4-cm-
long cassette for both AP and lateral radiographs. We
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Table 1. Descriptive summary of patient cohort

Descriptive parameter

Mean (SD) or
number (%)

Total number of patients 249
No PJK group 207 (83.1%)
PJK group 42 (16.9%)
Female 214 (85.9%)
Mean age (years) 35 (19)
< 18 years 91 (36.8%)
19-29 years 22 (8.1%)
30-39 years 25 (10.1%)
4049 years 42 (17.0%)
> 50 years 69 (27.7%)

Osteoporosis or osteopenia

Normal 156 (62.7%)

Osteopenia 16 (6.4%)

Osteoporosis 77 (30.9%)
Fusion to S1 57 (22.9%)
Thoracoplasty 75 (30.1%)
Surgical approach

Anterior only 14 (5.6%)

Posterior only 147 (59.0%)

Anterior-posterior 88 (35.3%)

Instrumentation technique
Hook/hybrid

182 (73.1%)

Pedicle screw 40 (16.1%)

Vertebral body screws (anterior) 25 (10.0%)

Wires 2 (0.8%)"
Upper instrumented level

T1 to T3 83 (33.3%)

T4 to T12 163 (65.5%)

L1 or below 3 (1.2%)"
Levels fused 10.64 (3.13)
PJK angle 3.36° (7.28°)
SSVL difference (mm) —4.40 (40.45)
SRS score difference 3.73 (0.53)
Followup (years) 39 (2.3)

* Excluded from data analysis due to low numbers; PJK = proximal
junction kyphosis; SSVL = sacral sagittal vertical line difference
between pre- and postoperative time; SRS = Scoliosis Research Society.

considered the most recent radiographs after the date of
surgery to be our followup interval. If the radiographic
images were poor enough that we could not make an
accurate Cobb measurement, we did not include those
patients in the study.

Two of the authors (MY, HJK) conducted all radio-
graphic measurements, including a senior spinal surgeon
who was independent of the operative team. Radiographic
analysis included Cobb angle measurements of the major
curves on the preoperative, early postoperative (within
2 months), 2-year postoperative, and final followup
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Fig. 1 The graph shows a cumulative hazard plot for the develop-
ment of PJK with stratification based on UIV. According to this
model, those with proximal fusion levels ending at T1-T3 have a
higher risk at all time points for developing PJK than those with
fusions ending more distally in the T4-T12 region.

radiographs of varying followup times up to 9 years. We
presumed the Cobb angle to be reliably measured to within
5°. We measured global coronal balance as the distance
between the C7 plumb line and the center sacral vertical
line (CSVL). On the lateral radiographs, we measured
global sagittal balance as the distance from the C7 plumb
line to the perpendicular line drawn from the superior
posterior endplate of S1 vertebral body (sagittal sacral
vertical line [SSVL]). If the C7 plumb line fell behind the
SSVL, global sagittal balance was negative. If the C7
plumb line fell in front of the SSVL, global sagittal balance
was positive. If the C7 plumb line fell on the SSVL, global
sagittal balance was zero. We measured thoracic kyphosis
from the upper endplate of TS5 to the lower endplate of T12
and measured the lumbar lordosis from the lower endplate
of T12 to the upper endplate of S1.

We defined the proximal junctional angle as the caudal
endplate of the upper instrumented vertebrae (UIV) to the
cephalad endplate of two supraadjacent vertebrae above the
UIV, as described by Glattes et al. [2]. Two disc spaces
proximal to the UIV usually demonstrated the proximal
junctional change. We defined abnormal PJK by two cri-
teria as described in a previous study [2]: (1) proximal
junction sagittal Cobb angle of 10° or greater and
(2) proximal junction sagittal Cobb angle of at least 10°
greater than the preoperative measurement. The presence
of both criteria was necessary to be considered abnormal.

Interobserver reliability of this method of measurement has
a moderate to high reproducibility [10].

We assessed nine risk factors: sex, age, DEXA score,
length of fusion, instrumentation technique, surgical
approach, whether or not the patient had thoracoplasty,
whether or not the patient had upper instrumented vertebrae,
and the postoperative sagittal sacral vertical line difference.

We calculated overall summary statistics in terms of
means and SDs for continuous variables and frequencies
and percentages for categorical. After the descriptive
analysis, we performed univariate comparisons for the
independent associations between potential risk factors and
the development of PJK. We evaluated group differences
between those that developed PJK and those that did not
using independent sample t-tests for continuous variables.
We evaluated group differences for discrete variables using
chi square or Fisher’s exact test. To assess the magnitude of
the association, we calculated unadjusted odds ratios and
their respective 95% Cls (Table 2). We then created a
multivariable binary logistic regression model to evaluate
the adjusted associations of each potential explanatory
variable to predict the likelihood of development of PJK.
To assess the risk factors for development of PJK as time
passes, as well as to minimize confounding variables for a
time period beyond the followup time, we used a Cox
proportional-hazards regression model to estimate hazard
ratios and their 95% CIs. For both regression models, we
considered variables with a univariate significance level of
0.25 or less, or variables that we thought were clinically
relevant to be eligible for inclusion in the analysis. Using a
forward stepwise procedure, we removed variables that
failed to achieve a p value of 0.15 or less from the final
model. Due to the explanatory nature of this analyses, we
chose p = 0.15 as the threshold for retention in the final
model. For all regression models, we reported the adjusted
odds or hazard ratios and their subsequent 95% Cls. We
performed all analyses using SPSS® version 18.0
(SPSS®), an IBM® Company, Chicago, IL, USA).

Results

Of the 249 patients reviewed, the incidence of PJK was 42 of
249 (17%) patients (Table 2). Our data suggest there are
many risk factors associated with PJK, including age of more
than 50 years, osteopenia and osteoporosis, distal fusion to
S1, surgical approach, and SSVL difference (Table 2).
However, in our multivariate analysis, we found only
two risk factors were independently associated with the
development of PJK (Table 3). An anterior-posterior
approach (odds ratio = 3.13; 95% CI = 1.08, 9.05) and
UIV (odds ratio = 2.34; 95% CI = 1.07, 5.12) were the
most significant independent risk factors for development
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Table 2. Univariate predictors of PJK after segmental spinal instrumentation and fusion

Variable Mean (SD) or number (%) QOdds ratio (95% CI) p value
No PJK PJK
Total number of patients 207 42
Female 175 (84.5%) 39 (92.9%) 2.38 (0.69, 8.16) 0.223
Mean age (years) 34 (19) 42 (20) 0.011
< 18 years 81 (39.5%) 10 (23.8%) Reference
19-29 years* 16 (7.8%) 4 (9.5%) 2.03 (0.56, 7.27) 0.276
30-39 years 22 (10.7%) 3 (7.1%) 1.11 (0.28, 4.36) > 0.999
40-49 years 36 (17.6%) 6 (14.3%) 1.35 (0.46, 4.00) 0.587
> 50 years 50 (24.4%) 19 (45.2%) 3.08 (1.33, 7.15) 0.007
Bone quality
Normal 137 (66.2%) 19 (45.2%) 2.37 (1.21, 4.64) 0.011
Osteopenia/osteoporosis 70 (33.8%) 23 (54.8%)
Fusion to S1 39 (18.8%) 18 (42.9%) 3.23 (1.60, 6.53) 0.001
Thoracoplasty 65 (31.4%) 10 (23.8%) 0.68 (0.32, 1.47) 0.328
Surgical approach
Anterior or posterior only 144 (30.4%) 17 (40.5%) 3.36 (1.70, 6.66) < 0.001
Anterior-posterior 63 (30.4%) 25 (59.5%)
Instrumentation technique
Hook/hybrid 153 (74.6%) 29 (69.0%) Reference
Pedicle screw 32 (15.6%) 8 (19.0%) 1.32 (0.55, 3.15) 0.532
Vertebral body screws (anterior) 20 (9.8%) 5 (11.9%) 1.32 (0.46, 3.80) 0.607
Upper instrumented level* 175 (84.5%) 39 (92.9%) 2.38 (0.69, 8.16) 0.223
T1 to T3
T4 to T12
Levels fused 10.56 (3.09) 11.05 (3.31) 0.358
PJK angle 1.14° (5.00°) 14.29° (6.92°) < 0.001
SSVL difference (mm) —1.03 (38.93) —20.98 (44.12) 0.004
SRS score difference 3.75 (0.53) 3.63 (0.54) 0.196

* For sum discrepancies, refer to Table 1 for excluded data; PJK = proximal junction kyphosis; SSVL = sacral sagittal vertical line difference
between pre- and immediate postoperative time; SRS = Scoliosis Research Society.

of PJK (Table 3). Interestingly, osteopenia and osteopo-
rosis, sex, age, and fusion to S1 were not independent risk
factors identified in out multivariate analysis. The UIV
(Fig. 1) and anterior-posterior approach (Fig. 2) predicted
developing PJK in our hazard model. Subjects who had a
UIV to T1 through T3 were almost twice as likely to
develop a PJK compared to those who did not. Patients
who underwent the anterior-posterior approach were three
times more likely to develop a PJK. A greater difference in
SSVL resulted in a minimal decrease in hazard risk
(Table 4). We found no association (p = 0.25) between
SSVL difference and surgical approach.

Discussion

Risk factors for developing PJK include long, rigid, fusion
constructs [2, 5], integrity of the posterior soft tissue
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tension band [2], instrumentation techniques [3, 7], mag-
nitude of sagittal balance correction, and bone quality [12].
Some postulate PJK has a multifactorial etiology related to
surgical and patient factors [2, 7, 12, 13]. However, the
relative risks of these various factors have never been
quantified. Our data suggest a combined anterior-posterior
approach and a UIV from T1 through T3 increases the risk
of developing PJK by three and two times, respectively.
Additionally, our survival analysis, by way of the Cox
proportional-hazards model, reveals only UIV (Fig. 2) and
the anterior-posterior approach (Fig. 1) to be associated
with an increased risk for developing PJK. These risk
factors are also associated with an increased risk over time.

We recognize limitations of our study. First, our retro-
spective study design precludes us from making any strong
conclusions based on the independent risk factors we
identified. However, our Cox proportional-hazards model
was based on our multivariate analysis for a relatively large
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Table 3. Unadjusted and adjusted odds ratios for PJK following segmental spinal instrumentation and fusion

Variable Unadjusted odds ratio p value Adjusted odds ratio p value
(95% CI) (95% CI)
Female 2.38 (0.69, 8.16) 0.223 2.53 (0.67, 9.65) 0.173
Age 1.02 (1.01, 1.04) 0.013 0.99 (0.95, 1.03) 0.582
Osteopenia/osteoporosis 2.37 (1.21, 4.64) 0.011 1.75 (0.68, 4.46) 0.244
Upper instrumented level (T1-T3) 2.38 (0.69, 8.16) 0.223 2.34 (1.07, 5.12) 0.034*
Anterior-posterior approach 3.36 (1.70, 6.66) 0.001 3.13 (1.08, 9.05) 0.035*
Fusion to S1 3.23 (1.60, 6.53) 0.001 1.52 (0.55, 4.16) 0.419
SSVL difference (mm) 0.99 (0.98, 1.00) 0.006 0.99 (0.98, 1.00) 0.004*

* Variable retained in final model; PJK = proximal junctional kyphosis; SSVL = sacral sagittal vertical line.
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Fig. 2 The graph shows a cumulative hazard plot for development of
PJK with stratification based on surgical approach. In this model,
those with anterior-posterior combined surgery are approximately
three times more likely to develop PJK at 2 years after surgery than
those who received only posterior surgery.

series of patients, and in the surgical literature, this is often
the most feasible method for risk factor identification and
quantification because randomized controlled trials are
often not possible. Second, the incidence for PJK in our
series is limited to patients with idiopathic scoliosis. PIK is
a complication that can occur in all types of spine
pathology after undergoing multiple level fusions; there-
fore, we cannot report our incidence as an accurate
assessment for all spine surgeries. Our incidence of 17% is
similar to the ranges of 10% to 40% reported in the liter-
ature [2-8, 10-13], which address adult [2, 5, 12] and
adolescent [3, 4, 6, 7] populations (Table 5). To our
knowledge, there are no studies available in the literature
that address the comparison between PJK in degenerative
versus deformity conditions.

Table 4. Hazard ratio for PJK after segmental spinal instrumentation
and fusion

Variable Hazard ratio p value
(95% CI)

Female 2.36 (0.72, 7.81) 0.159

Osteopenia/osteoporosis 1.86 (0.98, 3.55) 0.058

Upper instrumented level (T1-T3) 1.98 (1.05, 3.72) 0.034

Anterior-posterior approach 3.04 (1.56, 5.93) 0.001

SSVL difference (mm) 0.99 (0.98, 1.00) 0.001

PJK = proximal junction kyphosis; SSVL = sacral sagittal vertical
line.

Many studies identify risk factors associated with PJK
(Table 5). In our study, we identified multiple factors,
including age of greater than 50 years, poor bone quality,
distal fusion to S1, surgical approach, and SSVL difference
(Table 2). However, many of these factors were not inde-
pendently associated with PJK. This is a particularly
important finding because other studies do not perform
multivariate analyses on their data, and it is possible there
are confounding variables inherent to the risk factors. The
explanation for this may be the relationship that many of
the risk factors have with each other, such as SSVL dif-
ference and distal fusion to S1. One can argue a greater
correction in sagittal imbalance is achieved with a distal
fusion level incorporating the sacrum and pelvis. Similarly,
combined anterior-posterior fusion may be associated with
a greater SSVL because of the anterior release, allowing
for greater correction. The same can be said for bone
quality and age. Due to these inherent relationships
between the variables, relying on univariate analysis may
lead to significant associations that do not exist once con-
founding variables are isolated. Although we identified five
variables associated with PJK, multivariate analysis
revealed only three risk factors to be independently related
to PJK, and furthermore, only two risk factors led to a
significant quantitative risk for developing PJK in the
predictive model. To date, there is no study that provides a
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Table 5. Risk factors identified in other studies on PJK

Study Year of Study Total number PJK Risk factor

publication population of patients incidence

Glattes et al. [2] 2005 Adults 81 26% T3 UIV

Hollenbeck et al. [4] 2008 Adolescents 174 9% None

Kim et al. [5] 2008 Adults 161 39% Age > 55 years, combined
anterior-posterior surgery

Kim et al. [6] 2005 Adolescents 193 26% Thoracoplasty, preoperative
thoracic hyperkyphosis
(T5-T12 > 40), hybrid
instrumentation

Kim et al. [7] 2007 Adolescents 410 27% Male, thoracoplasty, preoperative
thoracic hyperkyphosis
(T5-T12 > 40)

Wang et al. [11] 2010 Adolescents 150 28% Fusion below L2, use of
pedicle screw at top of
construct, thoracoplasty

Yagi et al. [12] 2011 Adults 157 20% Fusion to S1, posterior

segmental instrumentation,
abnormal global sagittal
alignment, CSVL
correction > 5 cm

PJK = proximal junction kyphosis; UIV = upper instrumented vertebrae; CSVL = center sacral vertical line.

quantitative risk for PJK development based on inde-
pendent variables. Specifically identified in our Cox
proportional-hazards model were surgical approach and
large SSVL difference as independent risk factors for the
development of PJK (Table 4). Combined anterior-posterior
spine surgeries reportedly allow a greater correction in the
sagittal plane; therefore, SSVL and surgical approach are
inherently related [9]. However, we do not find this in our
data analysis, suggesting surgical approach and SSVL
difference were independently involved in the increased
PJK risk in our patients. It is unclear why combined
anterior-posterior surgery leads to an increased risk for PJK
independent of SSVL. Intuitively, these risk factors can
lead to increased stress concentrations at the proximal end
of the fusion and theoretically increase the risk for devel-
oping PJK [5, 11]. A recent study also identified combined
anterior-posterior spine surgery affecting PJK development
[5], but this finding has not been uniform in studies
assessing risk factors for PJK development [11, 12].

Our findings suggest uncertainty in the etiology of PJK.
Various studies have proposed the development of PJK is
related to a combination of patient- and surgery-related
factors [2—8, 10—13]. Of these, the integrity of the soft tissue
tension band [2], rigidity of the construct (stress concen-
tration) [5], bone quality [12], instrumentation type [3], and
amount of sagittal plane correction [5, 11, 12] are all
implicated as contributing to PJK development. Although
this may be true, our analysis suggests only surgical
approach, UIV, and SSVL are independently associated
with PJK development. While we identified risk factors
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similar to those in the literature, they did not independently
predict PJK. It remains unclear whether PJK results from
iatrogenic or patient-related causes, but our data suggest
those with UIV between T1 and T3, a combined approach,
and large SSVL differences should be monitored closely for
the development of PJK because they are not only at risk
but their risk seems to increase with time.
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