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Abstract

Study Design: Meta-analysis.

Objective: Proximal junctional kyphosis (PJK) is a complication of surgical management for adult spinal deformity with a mul-
tifactorial etiology. Many risk factors are controversial and their relative importance are not fully understood. We aimed to
identify the surgical, radiographic, and patient-related risk factors associated with PJK and proximal junctional failure (PJF).

Methods: A systematic literature search was performed using PubMed, Cochrane Database of Systematic Reviews, and EMBASE.
The inclusion criteria included prospective randomized control trials and prospective/retrospective cohort studies of adult
patients with radiographic evidence of PJK, which was defined as a proximal junctional sagittal Cobb angle �10� and at least 10�

greater than the preoperative measurement. Studies required a minimum of 10 patients and 12 months of follow-up.

Results: A total of 14 unique studies, including 1908 patients were included. The pooled analysis showed significant differences
between the PJK and non-PJK groups in age (weighted mean difference [WMD] �3.80; P ¼ .03), prevalence of osteopenia/
osteoporosis (odds ratio [OR] 1.99; P ¼ .0004), preoperative sagittal vertical axis (SVA) (WMD �17.52; P ¼ .02), preoperative
lumbar lordosis (LL) (WMD�1.22; P¼ .002), pedicle screw instrumentation at the upper instrumented vertebra (UIV) (OR 1.67;
P¼ .02), change in SVA (WMD�11.87; P¼ .01), fusion to sacrum/pelvis/ilium (OR 2.14; P < .00 001), change in LL (WMD�5.61;
P ¼ .01), and postoperative SVA (WMD �7.79; P ¼ .008).

Conclusions: Our meta-analysis suggests that age, osteopenia/osteoporosis, high preoperative SVA, high postoperative SVA,
low preoperative LL, use of pedicle screws at the UIV, SVA change/correction, LL change/correction, and fusion to sacrum/pelvis/
iliac region are risk factors for PJK.
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Introduction

Adult spinal deformity (ASD) comprises a wide scope of dis-

orders. Surgical management for ASD frequently involves long

fusion constructs with osteotomies to mobilize spinal segments

and achieve appropriate sagittal and coronal balance. Compli-

cations after ASD surgery can be separated into immediate or

delayed onset. One of the more common delayed onset com-

plications is proximal junctional kyphosis (PJK). Glattes et al1

defined the proximal junction as being between the caudal
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endplate of the upper instrumented vertebra (UIV) and the

cephalad endplate of the vertebra that is 2 levels above the UIV

(ie, UIVþ2).1 PJK is defined as a proximal junctional sagittal

Cobb angle �10� and at least 10� greater than the preoperative

measurement. The reported incidence of proximal junctional

kyphosis ranges from 20% to 40%.1 PJK can lead to a progres-

sion of worsening sagittal alignment, vertebral collapse, and

neurologic injury. Inferior clinical outcomes from PJK have

spurred surgeon efforts to develop techniques and strategies

to prevent PJK.

There has also been increasing interest in proximal junc-

tional failure (PJF), which is becoming recognized as one of

the most common reasons for reoperation following ASD sur-

gery.2 PJF is defined as a proximal junctional sagittal Cobb

angle �15� with the presence of structural failure and mechan-

ical instability, which distinguishes it from PJK. Structural

failure in PJF can present as vertebral body fracture at the UIV

or UIVþ1, implant pullout or breakage, or disruption of the

posterior ligamentous complex.2,3 Compared with PJK, PJF

has been associated with increased morbidity, spinal instabil-

ity, and neurologic deficits.2

PJK has a multifactorial etiology, with proposed mechan-

isms, including extensive paraspinal muscle dissection, disrup-

tion of the posterior ligamentous tension band, UIV selection,

choice of surgical approach, proximal disc degeneration,

degree of correction, compression fracture at or around the

UIV, facet violation, and patient factors such as age, body mass

index (BMI), and the presence of osteoporosis.1,4,6-14 To our

knowledge, only one prior study has performed a systematic

review or meta-analysis on the risk factors for PJK.15 The

purpose of this article was to perform a meta-analysis to ana-

lyze the surgical, radiographic, and patient-related risk factors

associated with PJK and PJF.

Methods

Inclusion/Exclusion Criteria and Review Procedure

A systematic Medline literature search was performed using

PubMed, Cochrane Database of Systematic Reviews, and

EMBASE. The databases were searched for publication dates

from January 2006 to September 2016. The searches were per-

formed from Medical Subject Headings (MeSH) used by the

National Library of Medicine, MeSH terms “proximal,”

“junctional,” “kyphosis,” and “PJK” were used. The inclusion

criteria included prospective randomized control trials or pro-

spective/retrospective cohort studies, adult patients who had

ASD with radiographic evidence of PJK, which was defined

as a proximal junctional sagittal Cobb angle �10� and at least

10� greater than the preoperative measurement. Studies

required a minimum of 12 months of follow-up, reported clin-

ical outcomes and/or risk factors for PJK, and a minimum of

10 patients for a given study. Exclusion criteria included

review papers, abstracts, case studies, and repeat data.

Two independent authors reviewed abstracts of each article

to determine which articles to include in the study. The review

of articles was performed as suggested by PRISMA (Preferred

Reporting Items for Systematic Reviews and Meta-Analyses)

guidelines and a flowchart of the review process is outlined in

Figure 1. The authors jointly reviewed the full text of the arti-

cles meeting the inclusion criteria based on the abstract to

determine agreement on the inclusion of the studies. In case

of a discrepancy, a third author participated until a consensus

was reached.

Data Extraction

A meta-analysis database was created from the included studies

with the following categories: (1) study ID to include author,

journal, and year of publication; (2) reference; (3) study type

and level of evidence; (4) study inclusion/exclusion criteria;

(5) number of patients; (6) male-to-female ratio; (7) patient

age; (8) length of follow-up; (9) patient-related risk factors

(smoking, BMI, osteoporosis); (10) preoperative spinopelvic

measurements; (11) postoperative spinopelvic measurements;

(12) approach; (13) type of instrumentation (hook, pedicle,

hybrid constructs); (14) level of correction; (15) patient out-

come scores (Scoliosis Research Society instrument [SRS-24],

Oswestry Disability Index [ODI]).

Methodological Quality Assessment

Methodological quality assessment was accomplished using

the Downs and Black checklist. The total cumulative score

is composed of a profile that measures quality of reporting,

internal validity, and external validity. According to Downs

and Black, the performance results of the checklist showed

a high internal consistency (Kuder-Richardson formula 20 ¼
0.89) and test-retest (r ¼ 0.88) and interrater (r ¼ 0.75)

reliability.16 The checklist consists of 27 items for which

a “yes” answer is scored 1 and “no” or “unable to

determine” answer is scored 0.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) flow diagram of study selection.
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Meta-Analysis

The odds ratio (OR) and weighted mean difference (WMD)

were used as the summary statistics. Both fixed- and random-

effect models were tested. In the fixed-effects model, it was

assumed that treatment effect in each study was the same,

whereas in a random-effects model, it was assumed that there

were variations between studies. Chi-square tests were used to

study heterogeneity between trials. I2 values were used to

estimate the percentage of total variation across studies,

owing to heterogeneity rather than chance, with values greater

than 50% considered as substantial heterogeneity. I2 can be

calculated as I2 ¼ 100% � (Q – df)/Q, with Q defined as

Cochrane’s heterogeneity statistics and df defined as degrees

of freedom. If there was substantial heterogeneity, the possi-

ble clinical and methodological reasons were explored quali-

tatively. The results using the random-effects model were

presented to take into account the possible clinical diversity

and methodological variation between studies. Specific anal-

yses considering confounding factors were not possible

because raw data was not available. All P values were

2-sided. All statistical analysis was conducted with Review

Manager Version 5.3.2 (Cochrane Collaboration, Software

Update, Oxford, UK). Sensitivity analysis was performed by

varying the assumptions used in the meta-analysis and by

single elimination of the studies. Funnel plots of effect size

versus standard error were assessed by visual inspection to

determine publication bias.

Results

Search Strategy

A total of 490 references were identified through elec-

tronic database searches (Figure 1). After exclusion of

duplicate or irrelevant references and detailed evaluation

of references, 22 potential studies remained. After apply-

ing the selection criteria, 14 studies were finally selected

for analysis.

Baseline Characteristics and Quality Assessment

The main characteristics of the included studies are summar-

ized in Table 1. The sizes of the studies ranged from 27 to 364

patients. A total of 530 patients had PJK and 111 patients had

PJF after ASD surgery. As most studies included were retro-

spective, we used the Downs and Black scale to assess the

quality of each study (Table 2). We found that the majority

of included studies were of moderate quality.

Table 1. Characteristics of the Included Studies.

First Author Year Country

No. of Participants

Age (Years) Follow-up Time (Years) Study TypePJK PJF Total

Glattes 2005 USA 21 — 81 nPJK 44.6
PJK 46.2

5.3 Retrospective

Kim 2014 USA 206 22 70 nPJK 49.9
PJK 51.3
PJF 60.1

3.5 Case control

Kim 2013 USA 144 — 364 nPJK 48.9
PJK 53.3

3.5 Retrospective

Kim 2012 USA 42 — 249 nPJK 34
PJK 42

4 Retrospective

Kim 2008 USA 52 — 161 nPJK 42.9
PJK 49.2

7.8 Retrospective

Lee 2014 Korea 29 — 47 nPJK 63.4
PJK 66.8

3.8 Retrospective

Mauro 2013 USA 37 — 90 nPJK 63.0
PJK 66.6

2.9 Retrospective

McClendon 2016 USA 18 — 83 nPJK 59.2
PJK 61.4

2.8 Retrospective

Mendoza-Lattes 2011 USA 19 — 54 PJK 59.3 2.23 Retrospective
Park 2016 Korea 27 29 160 — — Retrospective
Smith 2015 USA — 60 173 nPJK 62.1

PJF 65.9
3.5 Retrospective

Wang 2016 China 17 — 98 nPJK 62.5
PJK 62.3

2.8 Retrospective

Yagi 2010 Japan 32 — 157 nPJK 46.7
PJK 47.2

4.3 Retrospective

Yan 2016 China 12 — 27 nPJK 61.5
PJK 59.3

2.525 Retrospective

Abbreviations: nPJK, non–proximal junctional kyphosis group; PJK, proximal junctional kyphosis group; PJF, proximal junctional failure.
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Assessment of Risk Factors for PJK and PJF

The PJK group (n ¼ 333) was significantly older than the non-

PJK group (n ¼ 640) (WMD non-PJK vs PJK �3.74 years;

95% CI�5.09 to�2.40; I2¼ 0%; P < .001) (Figure 2). The PJF

group was also significantly older than the non-PJK group

(WMD non-PJK vs PJF �3.80 years; 95% CI �7.33 to

�0.27; P ¼ .03).

There was no significant difference in BMI between the

non-PJK (n ¼ 627) and PJK (n ¼ 259) groups (WMD �0.15;

95% CI �1.44 to 1.14; I2 ¼ 73%; P ¼ .82). There was also no

significant difference in BMI between the non-PJK (n ¼ 136)

and PJF (n¼ 22) groups (WMD�0.63; 95% CI�3.28 to 2.02;

P ¼ .64).

There was no significant difference in the proportion of smo-

kers between the non-PJK (n ¼ 469) and PJK (n ¼ 250) groups

(10.2% vs 11.2%; OR 1.02; 95% CI 0.58 to 1.80; I2 ¼ 0%;

P¼ .94). Similarly, in a pooled comparison of non-PJK patients

(n ¼ 249) versus PJF patients (n ¼ 82), there was also no

significant difference in the proportion of smokers (6.0% vs

8.5%; OR 1.28; 95% CI 0.50 to 3.26; I2 ¼ 0%; P ¼ .61).

The PJK group (n ¼ 255) had a significantly higher preva-

lence of osteopenia/osteoporosis than the non-PJK group

(n ¼ 605) (31.0% vs 29.6%; OR 1.99; 95% CI 1.36 to 2.92;

I2 ¼ 0%, P < .001) (Figure 3).

Preoperative sagittal vertical axis (SVA) was significantly

higher in the PJK group (n ¼ 183) compared with the non-PJK

group (n ¼ 527) (WMD non-PJK vs PJK �17.52; 95% CI

�32.06 to �2.98; I2 ¼ 84%; P ¼ .02) (Figure 4). Preoperative

SVA was also significantly higher in the PJF group compared

with the non-PJK group (WMD non-PJK vs PJF �35.5; 95%
CI �58.97 to �12.03; P ¼ .003). Postoperative SVA was sig-

nificantly higher in PJK patients compared with non-PJK

patients (WMD non-PJK vs PJK �7.79; 95% CI �13.54 to

�2.04; I2 ¼ 43%; P ¼ .008) (Figure 5). The change in SVA

was significantly greater in the PJK group compared with the

non-PJK group (WMD non-PJK vs PJK �11.87; 95% CI

�21.22 to �2.53; I2 ¼ 70%; P ¼ .01) (Figure 6). Similarly,

the change in SVA was significantly greater in the PJF group

compared with the non-PJK group (WMD non-PJK vs PJF

�34.2; 95% CI �60.60 to �7.80; P ¼ .01).

There was no significant difference in preoperative thoracic

kyphosis (TK) between non-PJK and PJK patients (WMD

�1.62; 95% CI �4.66 to 1.43; I2 ¼ 64%; P ¼ .30), and also

no difference between non-PJK and PJF patients (WMD

�2.66; 95% CI �17.63 to 12.30; I2 ¼ 89%; P ¼ .73). There

was no significant difference in postoperative TK between non-

PJK and PJK patients (WMD �3.25; 95% CI �7.01 to 0.50;

I2 ¼ 82%; P ¼ .09), and also no significant difference between

non-PJK and PJF patients (WMD �2.38; 95% CI �12.53 to

7.76; I2 ¼ 74%; P ¼ .65).

Preoperative lumbar lordosis (LL) was significantly lower

in PJK patients compared with non-PJK patients (WMD non-

PJK vs PJK 1.67; 95% CI 0.59 to 2.74; I2 ¼ 0%; P ¼ .002)

(Figure 7). No difference in preoperative LL was found

between non-PJK and PJF patients (WMD �1.71; 95% CI

�17.07 to 13.64; I2 ¼ 92%; P ¼ .83). There was no significant

difference in postoperative LL between non-PJK and PJK

patients (WMD �0.41; 95% CI �3.56 to 2.74; I2 ¼ 70%;

P ¼ .80), and also no significant difference between non-PJK

and PJF patients (WMD 6.19; 95% CI �17.75 to 5.37;

I2 ¼ 87%; P ¼ .29). Change in LL was significantly greater

in the PJK group compared to the non-PJK group (WMD

non-PJK vs PJK �5.61; 95% CI �10.07 to �1.15, I2 ¼ 50%;

P ¼ .01) (Figure 8). There was a no significant difference in

change in LL between the non-PJK and PJF groups (WMD

�7.10; 95% CI �14.49 to 0.29; P ¼ .06).

There was no significant difference in preoperative pelvic

incidence (PI) between non-PJK and PJK patients (WMD

�1.22; 95% CI �3.08 to 0.64; I2 ¼ 0%; P ¼ .20). Preoperative

PI was significantly higher in the PJF group compared with the

non-PJK group (WMD non-PJK vs PJF�5.50; 95% CI�10.12

to �0.88; P ¼ .02).

No significant difference in the number of levels fused was

found between non-PJK and PJK patients (WMD �0.07; 95%
CI �0.67 to 0.53; I2 ¼ 0%; P ¼ .82). However, the PJF group

had a significantly higher number of levels fused than the non-

PJK group (WMD non-PJK vs PJF �2.43; 95% CI �3.07 to

�1.79; P < .001).

There was no significant difference in the proportion of

patients undergoing a combined anterior-posterior approach

between the non-PJK and PJK groups (44.96% vs 56.86%;

OR 1.18; 95% CI 0.76 to 1.83; I2 ¼ 40%; P ¼ .45).

No significant difference in the use of hook instrumentation

at the UIV was found between non-PJK and PJK patients

(35.3% vs 29.2%; OR 0.75; 95% CI 0.46 to 1.21; I2 ¼ 35%;

P ¼ .24). There was also no difference between non-PJK and

PJF patients (P ¼ .14).

Use of pedicle screw instrumentation at the UIV was signif-

icantly higher in PJK patients than non-PJK patients (57.6% vs

40%; OR 1.67; 95% CI 1.08 to 2.59; I2 ¼ 48%; P ¼ .02)

(Figure 9). In contrast, there was no significant difference

Table 2. Quality Assessment of Included Studies According to the
Downs and Black Score.

Study
Reporting

Score

External
Validity
Score

Internal
Validity
Score

Power
Score Total

Glattes et al 8 1 6 0 15
Kim et al (2014) 9 1 7 0 17
Kim et al (2013) 9 1 7 0 17
Kim et al (2012) 9 1 9 0 19
Kim et al (2008) 8 1 9 0 18
Lee et al 8 1 6 0 15
Mauro et al 8 1 6 0 15
McClendon et al 8 1 7 0 16
Mendoza-Lattes et al 9 1 6 0 16
Park et al 9 1 7 0 17
Smith et al 8 1 6 0 15
Wang et al 9 1 7 0 17
Yagi et al 8 1 6 0 16
Yan et al 7 1 6 0 15
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Figure 2. Weighted mean difference for age.

Figure 3. Odds ratio for osteopenia/osteoporosis.

Figure 4. Weighted mean difference for preoperative sagittal vertical axis (SVA).

Figure 5. Weighted mean difference for sagittal vertical axis (SVA).
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Figure 6. Weighted mean difference for change in sagittal vertical axis (SVA).

Figure 7. Weighted mean difference for preoperative lumbar lordosis (LL).

Figure 8. Weighted mean difference for change in lumbar lordosis (LL).

Figure 9. Odds ratio for the use of pedicle screw instrumentation at the upper instrumented vertebra (UIV).
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between the non-PJK and PJF groups (64.7% vs 86.4%; OR

3.45; 95% CI 0.97 to 12.27; P ¼ .06).

The proportion of patients undergoing fusion to the sacrum/

pelvis/iliac region was significantly higher in the PJK group

compared with the non-PJK group (71.2% vs 53.6%; OR 2.14;

95% CI 1.58 to 2.91; I2¼ 7%; P < .001) (Figure 10). Similarly,

the proportion of patients undergoing fusion to the sacrum/

pelvis/iliac region was significantly higher in the PJF group

compared with the non-PJK group (OR 2.34; 95% CI 1.07-

5.13; P ¼ .03).

Publication Bias

The number of studies included in the analysis was relatively

small, so it was difficult to correlate the funnel plot. Publication

bias was not assessed because of the limited number of every

factor (\10) of studies included in each analysis.

Discussion

PJK has a multifactorial etiology. Many surgical and patient-

related risk factors that have been proposed in the literature

remain controversial, and the relative importance of these risk

factors has not been fully delineated.5-7,12 We performed a

meta-analysis to evaluate the risk factors associated with PJK

and PJF. The pooled results from this meta-analysis found that

(1) PJK and PJF patients were older, (2) PJK patients had a

higher prevalence of osteopenia/osteoporosis, (3) PJK and PJF

patients had a higher preoperative SVA, (4) PJK patients had a

higher postoperative SVA, (5) PJK and PJF patients had a

greater correction of SVA, (6) PJK patients had a lower pre-

operative LL, (7) PJK and PJF patients had a greater correction

of LL, (8) PJF patients had a higher preoperative PI, (9) PJF

patients had a higher number of levels fused, (10) PJK patients

had a higher prevalence of pedicle screw instrumentation at the

UIV, and (11) PJK and PJF patients had a higher prevalence of

fusion to the sacrum/pelvis/iliac region.

Patients who developed PJK or PJF were 3.74 and 3.80

years older than patients who did not develop PJK,

respectively. Four studies identified age as a risk factor for PJK

and one study identified age as a risk factor for PJF.3,5,8,9 This

association of age with PJK and PJF may be partially explained

by age-dependent disc changes, facet joint degeneration, and

less developed paraspinal musculature in older patients.8 In

addition to age, patients with osteoporosis/osteopenia had 2

times higher odds of developing PJK. This is consistent with

prior studies that have demonstrated a similar relationship

between low bone mineral density and a higher incidence

of PJK.7

Our results demonstrated that the PJK and PJF group had a

higher preoperative SVA compared to the non-PJK group, sug-

gesting that these patients had worse radiographic sagittal

malalignment that may have predisposed them to the develop-

ment of proximal junctional disease. The degree of sagittal

correction as represented by the change in SVA was signifi-

cantly greater in the PJK and PJF cohorts. PJK patients had

7.79 mm greater postoperative SVA than non-PJK patients.

Our findings are consistent with prior studies that have demon-

strated that PJF is associated with greater preoperative SVA

and greater SVA correction.17

PI is another key pelvic parameter that is a functional deter-

minant of sagittal spinal alignment.18 Increasing SVA has been

strongly correlated with an increase in the PI-LL mismatch,

which has been associated with adverse patient-reported out-

comes.19,20 In this meta-analysis, we found that preoperative PI

was significantly greater in PJF patients, but no difference was

seen between the PJK and non-PJK patients. In contrast, pre-

operative LL was significantly lower in patients who developed

PJK, and both patients who developed PJK or PJF had greater

correction of LL. Preoperative loss of LL may indicate positive

sagittal malalignment, which influences other parameters, such

as preoperative SVA.11 This is consistent with our finding that

preoperative SVA was higher in PJK patients. Given that the

PJK group had lower preoperative LL with no difference in

preoperative PI compared to the non-PJK group, these para-

meters suggest PI-LL mismatch and sagittal imbalance. The

PJK group had a greater correction in LL than the non-PJK

group. Unfortunately, our dataset was limited and did not allow

Figure 10. Odds ratio for fusion to the sacrum/pelvis/ilium.
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us to examine postoperative PI or the correction in PI. Thus, we

were unable to determine the role of PI-LL mismatch in the

development of PJK and PJF. This is certainly a limitation of

this study.

Both over- and undercorrection of SVA and PI-LL mis-

match have been proposed as potential risk factors leading to

the development of PJK. Yan et al13 have suggested that in

patients who undergo extensive corrective surgery with sagittal

overcorrection, postoperative alignment might not be sustain-

able, as the body tends to balance itself. For instance, they

proposed that patients with an overcorrected sagittal profile

would unconsciously generate compensatory mechanisms to

realign and correct sagittal balance, commonly via the unfused

segments and pelvic compensation.13 Additionally, in patients

who undergo aggressive correction, the development of PJK

may be influenced by surgical technique. Mauro et al10 pre-

dicted that when rod cantilever techniques with multiple Smith-

Peterson osteotomies were used, this could lead to significant

stresses at the proximal adjacent disc and vertebrae, which may

lead to PJK.

On the other hand, undercorrection of sagittal imbalance can

result in persistent or worsening PI-LL mismatch and a positive

postoperative global sagittal alignment that may induce posi-

tive SVA. Positive SVA may lead to an increase in the mechan-

ical stress at the proximal and distal junction of instrumentation

that may result in PJK.25 Undercorrection of sagittal plane

deformity should be avoided, as it leads to disability and poor

health-related quality of life measures.17

Recent studies have suggested that clinical outcomes might

benefit from sagittal imbalance corrections that are tailored to

individual patient factors such as age. For instance, some stud-

ies have demonstrated that SVA increases with age.21,22,23

Thus, Lafage et al24 have suggested that it may be acceptable

in older patients to have a modest increase in anterior shift and

pelvic retroversion. Further research is needed to better deline-

ate the target parameter values and examine the outcomes of

age-adjusted realignment targets.

Distal fusion to the sacrum or pelvis was associated with a

significantly higher prevalence of PJK. A more rigid construct

achieved by anchoring a long fusion segment to the pelvis

might lead to a higher prevalence of PJK.8 Long instrumented

fusions to the sacrum leave the proximal unfused levels to

adjusted to any further compensation.25 Smith et al3 demon-

strated a significant relationship between fusion to the sacro-

pelvic region and PJF. Eliminating motion at the caudal end of

the construct places added stress at the cephalad end, leading to

kyphosis and/or failure. Performing a fusion to the sacrum

requires careful consideration. Yagi et al25 suggested that

although a long fusion to the sacrum was associated with PJK,

it was beneficial for adult scoliosis patients because it miti-

gated accelerated degeneration of the L5-S1 disc and subse-

quent sagittal decompensation. Kim et al8 found that a higher

number of levels fused was significantly greater in the PJF

cohort than the non-PJK cohort. Longer fusions that reach the

upper thoracic vertebrae and higher number of levels fused

(suggesting a greater implant density) may contribute to

development of PJF.11

Use of pedicle screw instrumentation at the UIV was a risk

factor for PJK. Use of pedicle screws may lead to soft tissue

damage (eg, the ligamentous structures and capsule of the

supra-adjacent facet) that can influence proximal junctional

strength and stability. Soft tissue damage can be further com-

pounded by an increasing number of levels that are dissected

and exposed. Pedicle screws at the UIV create a more rigid

construct compared to other instrumentation methods such as

transverse process hooks. This may contribute to increased

stress on the proximal junction by transmitting force through

the UIV to the proximal junction. Preserving soft tissue during

dissection increases proximal soft tissue integrity and may con-

tribute to preventing the development of PJK.26

There were several limitations in this study. The heterogene-

ity of the studies remains with regard to patient demographics

and severity of disease is a concern in any meta-analysis. The

studies reporting PJF were few and further research is needed

with regard to this disease entity. There may be other factors (ie,

selection of UIV, mismatch between rod-contouring, postopera-

tive proximal spinal curve) that may be contributing risk factors

but were not analyzed in this study. Many of these factors are

likely not independently associated with PJK, and it is possible

that there are confounding variables.

Conclusion

The risk factors for PJK were age, osteoporosis/osteopenia,

high preoperative SVA, high postoperative SVA, and low pre-

operative LL, use of pedicle screws at UIV, SVA change/cor-

rection, LL change/correction, and fusion to sacrum/pelvis/

iliac region. The risk factors of PJF include age, high preopera-

tive SVA, SVA change/correction, fusion to sacrum/pelvis/

iliac region, high preoperative PI, and greater number of levels

fused. However, smoking, BMI, preoperative TK, anterior-

posterior combined surgical approach, usage of hook at UIV,

postoperative LL, and postoperative thoracic kyphosis were not

associated with PJK or PJF.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-

ship, and/or publication of this article.

ORCID iD

Zoe B. Cheung, MD, MS http://orcid.org/0000-0002-0189-5390

John Di Capua, BS http://orcid.org/0000-0003-4867-5800

Samuel K. Cho, MD http://orcid.org/0000-0003-3826-1786

References

1. Glattes RC, Bridwell KH, Lenke LG, Kim YJ, Rinella A, Edwards

C 2nd. Proximal junctional kyphosis in adult spinal deformity

Kim et al 39

http://orcid.org/0000-0002-0189-5390
http://orcid.org/0000-0002-0189-5390
http://orcid.org/0000-0002-0189-5390
http://orcid.org/0000-0003-4867-5800
http://orcid.org/0000-0003-4867-5800
http://orcid.org/0000-0003-4867-5800
http://orcid.org/0000-0003-3826-1786
http://orcid.org/0000-0003-3826-1786
http://orcid.org/0000-0003-3826-1786


following long instrumented posterior spinal fusion: incidence,

outcomes, and risk factor analysis. Spine (Phila Pa 1976).

2005;30:1643-1649.

2. Hart R, McCarthy I, O’brien M, et al; International Spine Study

Group. Identification of decision criteria for revision surgery

among patients with proximal junctional failure after surgical

treatment of spinal deformity. Spine (Phila Pa 1976). 2013;38:

E1223-E1227.

3. Smith MW, Annis P, Lawrence BD, Daubs MD, Brodke DS.

Acute proximal junctional failure in patients with preoperative

sagittal imbalance. Spine J. 2015;15:2142-2148.

4. Denis F, Sun EC, Winter RB. Incidence and risk factors for prox-

imal and distal junctional kyphosis following surgical treatment

for Scheuermann kyphosis: minimum five-year follow-up. Spine

(Phila Pa 1976). 2009;34:E729-E734.

5. Kim HJ, Bridwell KH, Lenke LG, et al. Proximal junctional

kyphosis results in inferior SRS pain subscores in adult deformity

patients. Spine (Phila Pa 1976). 2013;38:896-901.

6. Kim HJ, Bridwell KH, Lenke LG, et al. Patients with proximal

junctional kyphosis requiring revision surgery have higher post-

operative lumbar lordosis and larger sagittal balance corrections.

Spine (Phila Pa 1976). 2014;39:E576-E580.

7. Kim HJ, Yagi M, Nyugen J, Cunningham ME, Boachie-Adjei O.

Combined anterior-posterior surgery is the most important risk

factor for developing proximal junctional kyphosis in idiopathic

scoliosis. Clin Orthop Relat Res. 2012;470:1633-1639.

8. Kim YJ, Bridwell KH, Lenke LG, Glattes CR, Rhim S, Cheh G.

Proximal junctional kyphosis in adult spinal deformity after seg-

mental posterior spinal instrumentation and fusion: minimum

five-year follow-up. Spine (Phila Pa 1976). 2008;33:2179-2184.

9. Lee JH, Kim JU, Jang JS, Lee SH. Analysis of the incidence and

risk factors for the progression of proximal junctional kyphosis

following surgical treatment for lumbar degenerative kyphosis:

minimum 2-year follow-up. Br J Neurosurg. 2014;28:252-258.

10. Maruo K, Ha Y, Inoue S, et al. Predictive factors for proximal

junctional kyphosis in long fusions to the sacrum in adult spinal

deformity. Spine (Phila Pa 1976). 2013;38:E1469-E1476.

11. McClendon J Jr, Smith TR, Sugrue PA, Thompson SE, O’Shaugh-

nessy BA, Koski TR. Spinal implant density and postoperative

lumbar lordosis as predictors for the development of proximal

junctional kyphosis in adult spinal deformity. World Neurosurg.

2016;95:419-424.

12. Wang H, Ma L, Yang D, et al. Incidence and risk factors for the

progression of proximal junctional kyphosis in degenerative lum-

bar scoliosis following long instrumented posterior spinal fusion.

Medicine (Baltimore). 2016;95:e4443.

13. Yan P, Bao H, Qiu Y, et al. Mismatch between proximal rod

contouring and proximal junctional angle: a predisposed risk fac-

tor for proximal junctional kyphosis in degenerative scoliosis.

Spine (Phila Pa 1976). 2017;42:E280-E287.

14. Mendoza-Lattes S, Ries Z, Gao Y, Weinstein SL. Proximal junc-

tional kyphosis in adult reconstructive spine surgery results from

incomplete restoration of the lumbar lordosis relative to the

magnitude of the thoracic kyphosis. Iowa Orthop J. 2011;31:

199-206.

15. Liu FY, Wang T, Yang SD, Wang H, Yang DL, Ding WY. Inci-

dence and risk factors for proximal junctional kyphosis: a meta-

analysis. Eur Spine J. 2016;25:2376-2383.

16. Downs SH, Black N. The feasibility of creating a checklist for the

assessment of the methodological quality both of randomised and

non-randomised studies of health care interventions. J Epidemiol

Community Health. 1998;52:377-384.

17. Park SJ, Lee CS, Chung SS, Lee JY, Kang SS, Park SH. Different

risk factors of proximal junctional kyphosis and proximal junc-

tional failure following long instrumented fusion to the sacrum for

adult spinal deformity: survivorship analysis of 160 patients. Neu-

rosurgery. 2017;80:279-286.

18. Boulay C, Tardieu C, Hecquet J, et al. Sagittal alignment of spine

and pelvis regulated by pelvic incidence: standard values and

prediction of lordosis. Eur Spine J. 2006;15:415-422.

19. Schwab F, Ungar B, Blondel B, et al. Scoliosis Research Society–

Schwab adult spinal deformity classification: a validation study.

Spine (Phila Pa 1976). 2012;37:1077-1082.

20. Schwab FJ, Blondel B, Bess S, et al; International Spine Study

Group (ISSG). Radiographical spinopelvic parameters and dis-

ability in the setting of adult spinal deformity: a prospective mul-

ticenter analysis. Spine (Phila Pa 1976). 2013;38:E803-E812.

21. Hammerberg EM, Wood KB. Sagittal profile of the elderly.

J Spinal Disord Tech. 2003;16:44-50.

22. Gelb DE, Lenke LG, Bridwell KH, Blanke K, McEnery KW. An

analysis of sagittal spinal alignment in 100 asymptomatic middle

and older aged volunteers. Spine (Phila Pa 1976). 1995;20:

1351-1358.

23. Vedantam R, Lenke LG, Keeney JA, Bridwell KH. Comparison

of standing sagittal spinal alignment in asymptomatic adolescents

and adults. Spine (Phila Pa 1976). 1998;23:211-215.

24. Lafage R, Schwab F, Challier V, et al; International Spine Study

Group. Defining spino-pelvic alignment thresholds: should opera-

tive goals in adult spinal deformity surgery account for age? Spine

(Phila Pa 1976). 2016;41:62-68.

25. Yagi M, Akilah KB, Boachie-Adjei O. Incidence, risk factors and

classification of proximal junctional kyphosis: surgical outcomes

review of adult idiopathic scoliosis. Spine (Phila Pa 1976). 2011;

36:E60-E68.

26. Hassanzadeh H, Gupta S, Jain A, El Dafrawy MH, Skolasky RL,

Kebaish KM. Type of anchor at the proximal fusion level has a

significant effect on the incidence of proximal junctional kyphosis

and outcome in adults after long posterior spinal fusion. Spine

Deform. 2013;1:299-305.

40 Global Spine Journal 9(1)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


